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All-trans and 9-cis retinoic acid alter rat hepatic
stellate cell phenotype diVerentially
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Abstract
Background—Hepatic stellate cells exert
specific functions in the liver: storage of
large amounts of retinyl esters, synthesis
and breakdown of hepatic extracellular
matrix, secretion of a variety of cytokines,
and control of the diameter of the sinusoids.
Aims—To examine the influence of alltrans retinoic acid (ATRA) and 9-cis
retinoic acid (9RA) on extracellular matrix production and proliferation of activated hepatic stellate cells.
Methods—Cells were isolated using
collagenase/pronase, purified by centrifugation in nycodenz, and cultured for two
weeks. At this time point the cells exhibited the activated phenotype. Cells were
exposed to various concentrations of
ATRA and 9RA. The expression of procollagens I, III, and IV, of fibronectin and of
laminin were analysed by immunoprecipitation and northern hybridisation.
Results—ATRA exerted a significant inhibitory eVect on the synthesis of procollagens type I, III, and IV, fibronectin, and
laminin, but did not influence stellate cell
proliferation, whereas 9RA showed a clear
but late eVect on proliferation. 9RA increased procollagen I mRNA 1.9-fold, but
did not aVect the expression of other
matrix proteins.
Conclusion—Results showed that ATRA
and 9RA exert diVerent, often contrary
eVects on activated stellate cells. These
observations may explain prior divergent
results obtained following retinoid administration to cultured stellate cells or in
animals subjected to fibrogenic stimuli.
(Gut 1999;45:134–142)
Keywords: hepatic stellate cells; retinoic acid;
extracellular matrix proteins; proliferation

Hepatic stellate cells (Ito cells, fat storing cells,
lipocytes, perisinusoidal cells) are the major
sources of extracellular matrix components
both in normal and fibrotic liver.1 2 Liver injury
activates stellate cells to undergo transition into
myofibroblast-like cells. These activated cells
proliferate rapidly and are responsible for
increased production of extracellular matrix
(ECM) proteins. Activation, also named
transdiVerentiation, of stellate cells is a central
event in the pathogenesis of liver fibrosis and
cirrhosis.3 4
In healthy liver the most characteristic
feature of stellate cells is the presence of large
retinoid rich lipid droplets that are present in

the cytoplasm.5 6 In rats, 70–80% of the liver
vitamin A reserves are found in stellate cells.7
Activation and transdiVerentiation of stellate
cells appear to be correlated with loss of cellular vitamin A reserves.8 Several studies have
shown that the vitamin A status of the liver
plays an important role in development of
hepatic fibrosis.9 10 Vitamin A depletion appears to be a common phenomenon during
human and experimental alcohol induced liver
injury and fibrosis.11
The mechanisms by which retinoids modulate the phenotype of stellate cells are not yet
understood. It has been suggested that retinoic
acids (RA) may be important in this respect.12–14
All-trans retinoic acid (ATRA) and 9-cis retinoic
acid (9RA) are biological active metabolites of
vitamin A with potent biological activities
towards almost all types of cells.15 RA have been
shown to have a sparing eVect on hepatic retinol
concentrations and influence hepatic retinol
secretion.16 17 Several studies have shown that
supplementation of cultured stellate cells with
ATRA prevented morphological transition towards the myofibroblast-like phenotype, decreased collagen type I synthesis, and cell
proliferation.18–20 During fibrogenesis and stellate cell activation, not only did the retinylester
content decrease, but the concentrations of RA
were also strongly reduced.14
RA modulate cell proliferation and diVerentiation through binding to two distinct families
of transcription factors, namely retinoic acid
receptors (á, â, and ã RARs) and retinoid X
receptors (á, â, and ã RXRs).21 Studies on carcinoma cell lines have shown that cell behaviour could not be explained by measurement of
intracellular RA concentrations, but that highly
specific interactions of RA with nuclear receptors were determining factors.22 More recent
studies have reported that activation of stellate
cells in culture or in experimentally induced
fibrosis in rats is correlated with reduced RAR
â and RXR á mRNAs.13 14 On the basis of these
results it has been hypothesised that stellate cell
activation could be associated with diminished
RA responsiveness and signalling.14
Despite evidence for the influence of RA on
stellate cell transdiVerentiation, complete
information about the eVects of ATRA and
9RA on synthesis of the main connective tissue
Abbreviations used in this paper: 9RA, 9-cis
retinoic acid; ATRA, all-trans retinoic acid; BrdU,
5-bromo-2'-deoxyuridine; ECM, extracellular matrix;
GFAP, glial fibrillary acidic protein; MMP, matrix
metalloproteinase; RA, retinoic acid; RAR, retinoic
acid receptor; RXR, retinoid X receptor; SMA, smooth
muscle antibody; TGF, tumour growth factor; TIMP,
tissue inhibitor of metalloproteinase.
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Table 1

Antibodies used for immunocytochemistry (ICC) and for immunoprecipitation (IP)
Source

Dilution for
ICC

Dilution for IP

Monoclonal IgG
Monoclonal IgG
Rabbit polyclonal IgG
Goat polyclonal AP
Rabbit polyclonal AS
Goat polyclonal AP
Rabbit polyclonal AS
Rabbit polyclonal IgG

Sigma
Boehringer
Dako
SBA
Schuppan et al 61
SBA
Calbiochem
Calbiochem

1/500
1/10
1/2000
/
/
/
/
/

/
/
/
1/40
1/75
1/75
1/300
1/75

Goat polyclonal AP
Goat polyclonal AP
Rabbit polyclonal AP

Amersham
Jackson
Jackson

1/100
1/500
1/100

GFAP, glial fibrillary protein; AP, aYnity purified; AS, antiserum.
Sigma Chemie, Bornem, Belgium; Boehringer, Mannheim, Germany; Dako, Ghent, Belgium; Southern Biotechnology Associates,
Birmingham, Alabama, USA; Calbiochem, La Jolla, California, USA; Amersham, Little Chalfont, UK; Jackson, West Grove, Pennsylvania, USA.

components is lacking. Furthermore, the studies looking into the antifibrotic potential of RA
contain only information concerning the eVect
of the ATRA isomer and are restricted to
examining collagen type I at the mRNA or
protein level. The purpose of this study was
therefore to investigate the influence of the two
naturally occurring metabolically active RA
isomers on the mRNA steady state levels and
synthesis of collagen types I, III, and IV, fibronectin, and laminin by cultured stellate cells, as
well as on their proliferation.
Materials and methods
ISOLATION AND CULTURE OF HEPATIC STELLATE
CELLS

Adult male Wistar rats (body weight 400–500
g) were used in all experiments. The rats were
treated according to the guidelines of the

Council for International Organisations of
Medical Sciences (CIOMS), as required by the
Belgian National Fund for Scientific Research.
Stellate cells were isolated from rats by
collagenase/pronase digestion followed by density gradient centrifugation. After isolation,
cells were plated at a density of 1.5 × 105
cells/ml in 250 ml culture flasks (Falcon,
Becton Dickinson, Lincoln Park, New Jersey,
USA) and maintained in Dulbecco’s modified
Eagle’s medium (DMEM; Gibco, Paisley,
Scotland, UK) with 10% fetal calf serum, 100
U/ml penicillin, and 100 µg/ml streptomycin.
Cell cultures were wrapped in aluminium foil
and shielded from light exposure at all times.
The purity of stellate cell isolates was checked
by vitamin A autofluorescence and phase contrast microscopy.23 Cultured stellate cells were

Figure 1 Immunocytochemistry of stellate cells in culture. The stellate cell origin of cultured cells was established by
immunocytochemistry for desmin (A), áSMA (B), and GFAP (C). The insert of (A) shows a negative control using
non-immune IgG for desmin, counterstained using haematoxylin to show nuclei. Cultured stellate cells still contained small
lipid droplets that showed up when cells were exposed to excitation light of 320 nm. Under these conditions, autofluorescence
became apparent (D). Original magnification × 110.
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Figure 2 Representative immunoprecipitation of connective tissue proteins from media and cell lysates. Cultured stellate
cells were exposed to ATRA or 9RA for 48 hours and were metabolically labelled for the last 24 hours with trans 35S-label
(50 µCi/ml). The arrows show the positions of the 205 kDa molecular weight marker (myosin). Procollagens á1(I),
á1(III), and á1(IV), as well as fibronectin (FN) and laminin could be specifically immunoprecipitated.

allowed to reach confluency. They were then
trypsinised and subcultured.

Belgium).24 Table 1 summarises the characteristics of the antibodies used in this study.

IMMUNOPHENOTYPING OF CELLS

RETINOIC ACID TREATMENT

Stellate cells cultured on Lab-Tek chamber
slides for 96 hours were washed once with
Gey’s balanced saline solution (GBSS) + Ca2+
and fixed with cold acetone/phosphate buffered
saline (PBS) (8/2 vol/vol) at −20°C for 10 minutes. Subsequently cells were washed with
PBS, incubated with 2% bovine serum albumin (BSA) in PBS for 15 minutes, and reacted
overnight with appropriately diluted monoclonal antibodies directed against desmin, á
smooth muscle antibody (áSMA), or glial
fibrillary acidic protein (GFAP). They were
washed, incubated with peroxidase labelled
secondary antibody, washed, and reacted for
eight minutes with 0.04% diaminobenzidine in
0.14 mol/l phosphate buVer (pH 7.3) containing 0.008% (vol/vol) H2O2, 0.04% CoCl2,
and 0.032% Ni(NH4)2(SO4)2, and mounted
using Aquamount (Laborimpex, Brussels,

Stellate cells were used between days 12 and 14
in culture. Cells were exposed for 48, 72, or 96
hours to 0.01, 0.1, and 1 µM ATRA or 9RA
(Sigma, Bornem, Belgium). Media were
changed every 48 hours. For immunoprecipitations cells were kept in the presence of 50 µg/ml
sodium ascorbate (Merck, Darmstadt, Germany) and 64 µg/ml â aminopropionitrile
(Sigma). Stock solutions (1 mM) of retinoic
acids in 100% ethanol were prepared and stored
in vials wrapped with aluminium foil at −70°C.
Quality of standard dilutions was checked by
measuring absorption spectra (250 to 450
nm).25 Dilutions in CDMEM (DMEM supplemented with 10% fetal calf serum) were freshly
prepared. All manipulations of solutions and cell
cultures were carried out in subdued light. Control cultures were treated with the same final
concentration of ethanol (0.1% or less).
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Figure 3 Quantitative assessment of immunoprecipitated bands by phosphor
imaging. The ratios of treated versus control samples were calculated for 1 µM
ATRA (A) and 9RA (B). Data are expressed as mean (SD). The number
of observations was four for ATRA and three for 9RA. Administration of
ATRA or 9RA did not significantly aVect the cellular pool of translabel (C).
*p<0.05.

PROLIFERATION ASSAY

On day 12, cells were trypsinised and plated in
96 well dishes (5 × 104 cells/well). Cells were
allowed to attach for 24 hours. At this stage,
when the cells were subconfluent, they were
treated for the appropriate time intervals with
diVerent concentrations of ATRA or 9RA.
During the last 24 hours of the experiment,
cells were labelled with 10 µM 5-bromo-2'deoxyuridine (BrdU; Boehringer, Mannheim,
Germany). Following fixation and denaturation of the cells, incorporation of BrdU was
measured using monoclonal peroxidase conjugated antibodies directed against BrdU (Boehringer, Mannheim, Germany). Colour development was measured using a UV-VIS 3550
microplate reader (Bio-rad Laboratories,
Nazareth, Belgium).
METABOLIC LABELLING AND
IMMUNOPRECIPITATION

Stellate cells were metabolically labelled during
the last 24 hours of culture with 50 µCi/ml
35
S-methionine/cysteine (trans 35S-label, specific
activity of 35S-methionine more than 1000 mCi/
mmol; ICN Biomedicals, Costa Mesa, California, USA) in methionine free DMEM supplemented with 10% fetal calf serum, 100 IU/ml
penicillin, and 100 µg/ml streptomycin, with or
without ATRA or 9RA. After labelling radioactive medium was collected. Cells were washed
twice with ice cold buVer A (20 mM Tris/HCl,
pH 8.8, EDTA 2mM, 0.2 mM phenylmethylsulphonyl fluoride (Sigma), and 10 mM
N-ethylmaleimide (Sigma)). The first wash was
combined with the medium and centrifuged.
Supernatants were stored at −70°C until use.
Cells were lysed with ice cold buVer A
supplemented with 2% deoxycholate for 15
minutes on ice, scraped with a Teflon policeman, and collected. DNA was then sheared
through a 23 gauge needle. After centrifugation,

supernatants were saved, and pellets were boiled
for three minutes in buVer A with 1% sodium
dodecyl sulphate (SDS) and 10 mM dithiothreitol (Fluka), followed by 25 mM iodoacetamide
(Sigma) for 30 minutes in the dark at 37°C. This
fraction was then combined with the saved
supernatants, and stored at −70°C until use.
Protein bound cpm were determined both in
medium and cell layer by hot trichloroacetic acid
precipitation. Immunoprecipitations were further carried out as described previously.26 Table
1 summarises antibodies used in this experiment. Immunoprecipitation results were visualised by autoradiography and quantitated by
phosphor imager analysis (Bio-rad).
NORTHERN HYBRIDISATION ANALYSIS

After exposure to RA, cells were harvested by
trypsinisation and kept at −70°C until RNA
extraction. Total RNA extraction was performed according to Chomczynski and
Sacchi.27 Total RNA (5 or 10 µg) was fractionated in a 1% agarose/3% paraformaldehyde gel
and transferred onto a nylon membrane
(Hybond; Amersham, Little Chalfort, UK).
Hybridisations were carried out as described
previously.26 Probes were labeled with 32Pdeoxycytidine triphosphate (32P-dCTP, 3000
Ci/mmol) using the Megaprime labeling kit
(Amersham, Little Chalfort, UK). The probes
used in this study were as described previously
by Niki et al.26
STATISTICS

For immunoprecipitation, the amount of immunoprecipitable protein was calculated per
dish and per 106 cells for cell layer and
medium. The values per 106 cells for medium
and cell lysate were expressed relative to the
control culture; they were also combined to
obtain the total radioactivity per 106 cells.
Values measured for cell layer and medium
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Results
CHARACTERISATION OF THE CELLS

Collagen III

Collagen IV

In phase contrast microscopy, stellate cells had
acquired the myofibroblast-like phenotype:
cells had spread extensively over the plastic
substratum. The stellate cell origin of cultured
cells was established by immunocytochemistry
for desmin (fig 1A),28 GFAP (fig 1B),29 and
áSMA (fig 1C).30 Cells were strongly positive
for desmin and áSMA. They were moderately
positive for GFAP. Some cells still contained
lipid droplets and, when applying fluorescence
microscopy, showed weak vitamin A autofluorescence (fig 1D).
IMMUNOPRECIPITATION OF CONNECTIVE TISSUE
PROTEINS

Fibronectin

Laminin

18 S

Figure 4 Representative autoradiographs of northern
hybridisation experiments. Cultured stellate cells were
exposed to 1 µM ATRA or 9RA for 48 hours.
Hybridisation was carried out with probes for procollagen
á1(I), á1(IIII), and á1(IV), fibronectin, laminin B1, and
18S ribosomal RNA. In accordance with previous reports,62
all hybridisations provided specific signals.

were added to calculate the total eVect of retinoids at the protein level. Next the ratios of
treated:control were calculated. The number of
observations was four for each concentration of
ATRA and three for 9RA. To determine
significances of the diVerence between controls
and RA incubated cells, 95% confidence intervals were calculated. For northern hybridisation, data were first normalised to 18S

Cultured stellate cells were exposed to 1, 0.1,
and 0.01 µM ATRA or 9RA for 48 hours prior
to analysis. During the last 24 hours of culture,
the cells were metabolically labelled with
35
S-methionine/cysteine. Conditioned media
and cell layers were collected, processed, and
immunoprecipitated with specific antibodies to
collagen type I, collagen type III, collagen type
IV, fibronectin, and laminin. Immunoprecipitates were analysed by SDS-polyacrylamide gel
electrophoresis (SDS-PAGE) and quantified
by phosphor imaging. For each culture condition, the immunoprecipitable counts in medium and cell layer were calculated per culture
dish and per 106 cells. The values per 106 cells
were expressed relative to the control value.
Figure 2 shows representative immunoprecipitations for media and cell layers. We were
able to immunoprecipitate specifically collagens type I, III, and IV, as well as fibronectin
and laminin. Antibodies to collagen type I
immunoprecipitated procollagen á1(I), procollagen á2(I), the partly processed forms
pCá1(I), pCá2(I), and the fully processed collagen á1(I) and collagen á2(I) chains from cell
lysate (fig 2A). In the medium only intact procollagen and pC collagen chains were present
(fig 2B). Antibodies to the N-terminal propeptide of procollagen type III immunoprecipitated procollagen á1(III), pNá1(III), and the
fully processed á1(III) chain (fig 2C). From
medium, some fibronectin coimmunoprecipitated (fig 2D; upper band). However, procollagen type III and fibronectin could be clearly
distinguished based on their diVerent positions
in the gel. Antibodies to collagen type IV
immunoprecipitated specifically procollagen
á1(IV) and procollagen á2(IV) chains (fig
2E,F). Antifibronectin antibodies immunoprecipitated specifically fibronectin isoforms, resulting in a slightly diVuse double band in the
gels (fig 2G,H). Antibodies to laminin immunoprecipitated both laminin B1 and B2 chain
from cell layer (fig 2I). From medium, very
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Figure 6 EVect 1 µM 9RA on BrdU incorporation by
stellate cells after incubation times varying between 48 and
120 hours; representative time course experiment.
Significant reduction of proliferation was found from 72
hours of treatment onward. Values are expressed as mean
(SD). The number of observations was four in all cases.
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Figure 5 Northern hybridisation analysis of connective tissue protein transcripts. After
normalising the signal for 18S ribosomal RNA, the ratios of treated versus control were
calculated and expressed as mean (SD).

little laminin could be precipitated. As observed by others, nidogen/entactin coimmunoprecipitated from medium (fig 2J, lower band).
For quantitative analysis, radioactivity in the
specific bands on the gels was measured using
phosphor imaging. Figure 3 summarises the
average quantitative immunoprecipitation data
on stellate cells of at least three rats. Quantitation clearly showed that both 1 µM ATRA or 1
µM 9RA suppressed collagen type I synthesis
significantly (p<0.05). Secretion of de novo
synthesised protein was decreased by 30 (15)%
in the presence of ATRA and by 34 (10)% in
the presence of 9RA respectively. Collagen
á1(III) synthesis was significantly aVected by 1
µM ATRA only (−26 (11)%). Both fibronectin
and laminin synthesis were reduced by 1 µM
ATRA, but not by the 9-cis isomer, whereas
collagen á1(IV) was not aVected by ATRA or
9RA. Administration of 0.1 µM ATRA resulted
only in a significant decrease in laminin, both
in cell lysate (30 (9)%) and medium (20
(11)%) (p<0.05, data not shown). At this concentration no eVect was found on collagen synthesis. Figure 3C shows the total incorporation
of trans 35S-label into protein in medium, cell
lysate, and medium plus cell lysate combined.
These data show that administration of ATRA
or 9RA did not significantly alter the cellular
pool of trans 35S-label, and exclude unspecific
eVects of ATRA or 9RA on protein labelling.
NORTHERN HYBRIDISATION ANALYSIS OF
CONNECTIVE TISSUE PROTEIN TRANSCRIPTS

The immunoprecipitation experiments indicated that ATRA, and to a lesser extent 9RA,
inhibited synthesis of ECM proteins by stellate
cells. We therefore investigated whether these
compounds acted at the transcriptional level by
lowering specific mRNA levels. Cells were
exposed to 1 µM ATRA or 9RA for 48 hours.
Figure 4 shows representative autoradiographs
of the hybridisation experiments. All hybridisa-

tions provided specific signals.26 Hybridisation
signals were quantified by phosphor imaging
and normalised to the signal for 18S ribosomal
RNA. Data were expressed as ratios of treated
versus control values.
Figure 5 illustrates the quantitative data of
three independent experiments. ATRA 1 µM
lowered mRNA levels significantly for all
investigated proteins. The strongest suppression was found for collagen á1(III) mRNA
(−45 (13.2)%); the least suppression was
found for collagen á1(IV) (−31 (2.9)%).
Collagen á1(I), fibronectin, and laminin
mRNAs were reduced by approximately 40%.
9RA had a very diVerent eVect on the
investigated mRNA levels. Collagens type
á1(III) and á1(IV), fibronectin, and laminin
were not significantly altered. Unexpectedly,
collagen á1(I) mRNA was upregulated 1.9fold (p<0.05).
PROLIFERATION ASSAY

Activation of stellate cells in vivo and in vitro
was characterised by enhanced proliferation of
the cells.2 Therefore, we investigated the influence of ATRA and 9RA on stellate cells in culture. In preliminary experiments, we exposed
cells to ATRA and 9RA for 48 hours. During
the last 24 hours of culture, the cells were also
incubated with BrdU. Surprisingly, we found
no eVect on proliferation. In order to examine
whether a late eVect of retinoids on stellate cells
might have been overlooked, we also studied
proliferation of cells after incubation times
varying between 48 and 120 hours. Figure 6
shows the results of a time series experiment. It
required at least 72 hours for 9RA to induce
demonstrable inhibition of stellate cell proliferation. At 96 and 120 hours the eVect was
maximal. Therefore, the final BrdU incorporation experiments were performed with the cells
exposed to retinoids for 96 hours. Figure 7
summarises the quantitative data of at least
three independent experiments. 9RA 1 µM and
0.1 µM clearly inhibited cell proliferation
(p<0.025). The lower concentrations of 9RA
were less inhibitory, whereas ATRA did not
aVect proliferation significantly. These results
were confirmed by independent experiments
where proliferation was measured by direct cell
counting (data not shown). To exclude the
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Figure 7 EVect of diVerent concentrations of ATRA or
9RA on BrdU incorporation. Cultured stellate cells were
treated for 72 hours with 1, 0.1, and 0.01 µM ATRA or
9RA. Cells were labelled for the last 24 hours with 10 µM
BrdU solution in the presence of ATRA or 9RA. Values are
expressed as mean (SD). The number of observations was
four in all cases. *p<0.025.

possibility that the negative results with ATRA
were the result of technical problems such as
loss of active compound during incubation of
the cells, we also incubated primary stellate
cells at day 2 in culture for 72 hours. Using primary cells, we were clearly able to show inhibition of proliferation both by 1 µM ATRA (−45
(7.6)%) and 1 µM 9RA (−44 (4)%).
Discussion
The literature concerning the influence of
retinoids on the development of hepatic fibrosis is controversial. Experimental as well as
clinical studies provide conflicting results. It
has been reported that low vitamin A concentrations and malnutrition enhance experimentally induced fibrogenesis.31 32 Administration
of retinol, RA, or the acyclic derivative
polyprenoic acid before, during and after CCl4
treatment has been reported to inhibit the progression to and/or to enhance the regression of
hepatic fibrosis.33–35
In contrast, it is well documented that
chronic hypervitaminosis A leads to severe liver
damage and cirrhosis in humans.36 37 Furthermore, vitamin A potentiates the toxic and
fibrogenic eVects of ethanol in rats.11 Administration of retinyl palmitate fails to protect
against CCl4 induced fibrosis in mice.38 Recently it was found that 9RA, ATRA, and the
synthetic analogue E-5166, activate plasminogen, resulting in increased concentrations of
active tumour growth factor â (TGF-â) and
increased synthesis of collagen.39 40
Experiments on isolated and cultured stellate cells added to the uncertainty about the
relation between retinoids and fibrosis. Stellate
cells isolated from rats pretreated with retinyl
palmitate synthesised less ECM and proliferated at a slower rate than control cells.41 Incubation of activated stellate cells with retinoids
resulted in a partial recovery of intracellular
retinoid stores,42 a reduction in collagen type I
synthesis,19 and reduced proliferation.12 43 Recently however, it was also shown that in
stellate cell cultures, 9RA increased total and
active TGF-â.40 TGF-â is known to be the

most potent fibrogenic cytokine for stellate
cells.44 Mediated by TGF-â, ECM synthesis
may be upregulated and proliferation may be
inhibited.45
Taken together, the literature does not allow
firm conclusions to be drawn as to the direct
eVect of naturally occurring retinoids on
stellate cells. Therefore we re-examined how
ATRA and 9RA, two potent derivatives of vitamin A, modulate ECM synthesis and proliferation of activated stellate cells in vitro.
ATRA and 9RA acted diVerentially on cell
proliferation, de novo protein synthesis, and
ECM mRNA levels. ATRA showed a more
prominent eVect on de novo synthesis of ECM
proteins than 9RA. ATRA significantly reduced collagens type I and III, fibronectin, and
laminin, whereas the synthesis of collagen type
IV was not aVected. 9RA inhibited only
collagen type I synthesis.
DiVerential eVects of ATRA or 9RA were
also found at the transcriptional level. ATRA
significantly lowered mRNA levels for all
investigated ECM proteins. Only the reduction
found for procollagen type IV mRNA was not
paralleled by a reduction of de novo protein
synthesis. 9RA, which had no significant eVect
on procollagen type á1(III) and á1(IV), fibronectin, and laminin mRNA levels, increased
collagen á1(I) mRNA twofold. This result is
consistent with a recent report showing that
9RA augmented collagen á1(I), plasminogen
activator, plasmin, and TGF-â mRNA levels in
activated stellate cells.40 However, our study
indicated that the increased collagen á1(I)
mRNA was not accompanied by increased
synthesis of procollagen type I protein, for
which a significant reduction after treatment
with 9RA was found. Apparently posttranscriptional regulatory mechanisms compensated for increased mRNA levels. Retinoids
have been shown to exert direct eVects on
ECM turnover by modulating the production
of matrix metalloproteinase 1 (MMP-1) or tissue inhibitor of metalloproteinase 1
(TIMP-1).46 Most studies with RAs, however,
show downregultated MMP expression and/or
increased concentrations of TIMP.46 47 The
synthesis of urokinase plasminogen activator
has also been shown to be upregulated by RA
in stellate cells.48 The transcription rate of the
collagen á1(I) gene is slightly higher in
activated compared with primary stellate cells
whereas the mRNA stability is increased
16-fold.49 9RA could interfere directly or indirectly with the mRNA stability.
A significant reduction (−35%) in stellate
cell proliferation was found when cells were
exposed to 9RA. For ATRA, although a
tendency towards inhibition was observed
when a concentration of 1 µM was used, no
significant eVect was found on subcultured
stellate cells. Using the same experimental set
up, ATRA significantly reduced cell proliferation of primary cultures. This result conflicts
with earlier reports, where inhibition of proliferation, following treatment with ATRA, was
found in primary as well as in activated stellate
cells.12 43 Our results suggest that activated stellate cells become less sensitive to the antiprolif-
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findings support the hypothesis that stellate cell
activation is associated with diminished RA
responsiveness and signalling. Further eVorts
will be made to reveal the RA signalling
pathways in stellate cells.
In summary, we have found that ATRA and
9-cis RA exert diVerential eVects on activated
stellate cells. ATRA significantly reduces the
synthesis of all investigated extracellular matrix
proteins but does not aVect proliferation. 9RA
has a clear but late eVect on proliferation and
on synthesis of collagen type I, but leaves other
matrix proteins unchanged. These data suggest
that the two isomers regulate gene expression
by diVerent mechanisms. Thus the ratio of the
various RA isoforms may determine the fibrogenic or fibrolytic properties of hepatic stellate
cells.
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