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Somatostatin at nanomolar concentration reduces collagen I and
I1I synthesis by, but not proliferation of activated rat hepatic

stellate cells
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1 Previous studies have shown antifibrotic effects of somatostatin. Since hepatic stellate cells (HSC)
express somatostatin receptors and play a key role in hepatic fibrogenesis, we investigated the in vitro
antifibrotic effect of somatostatin on rat HSC.

2 At day 12 after isolation, cells were exposed to different concentrations of somatostatin (1076~
10~ mol17Y).

3 mRNA expression of collagen types I and 111, and of smooth muscle a-actin (x-SMA) was analysed
by Northern blotting. At 107" moll~!, somatostatin significantly reduced mRNA expression of
collagen I (72.3+10.7%; 95% confidence interval (95% CI): 45.5-99.0), collagen IIT (79.0 +4.5%;
95% CI: 67.6-90.4) and a-SMA (65.7+5.9%; 95% CI: 51.1-80.2), as compared to control normalized
at 100%. These results were confirmed by quantitative RT-PCR.

4 Cycloheximide experiments indicated that somatostatin has no direct transcriptional effect.

5 Using immunoprecipitation, we demonstrated that somatostatin also decreased de novo synthesis
of collagen I (73+10%; 95% CI: 48-98%), collagen III (65+13%; 95% CI: 33-97%) and o-SMA
(47+9%; 95% CI: 25-69%). Remarkably, at higher concentrations, somatostatin did not suppress
collagen mRNA expression nor de novo protein synthesis. We ascribe this observation to
desensitization of the cells for somatostatin.

6 Cell proliferation, as measured by 5-bromo-2’-deoxyuridine labelling, was not altered by
somatostatin.

7 No significant effect on the intermediate and actin cytoskeleton were detected by immunohis-
tochemistry and Western blotting.

8 Our findings imply that in vivo antifibrotic effects of somatostatin could result partially from a
direct action of somatostatin on HSC, but other, in vivo effects are probably also involved.
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Introduction

In the past 20 years, hepatic stellate cells (HSC) have emerged
as a well-characterized cell type with a central role in the
pathogenesis of hepatic fibrosis. In normal liver, these cells are
liver-specific pericytes which mainly serve as vitamin A storage
sites. Quiescent HSC show little proliferative activity and
regulate extracellular matrix turnover in the space of Disse by
secreting correct amounts of a limited number of extracellular
matrix molecules, and by releasing matrix metalloproteinases
and their inhibitors (Geerts, 2001). Following acute or chronic
liver tissue injury, HSC undergo a process of activation which
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is central to the development of liver fibrosis (Friedman, 2000).
Interestingly, when freshly isolated HSC are cultured on
uncoated plastic, they develop all characteristics of activated
cells after 3—5 days (Friedman et al., 1989). This model is very
useful to study antifibrotic effects of drugs in vitro. Activated
cells adapt a myofibroblast-like phenotype characterized by
increased production of extracellular matrix, proliferation,
contractility and motility, all of which contribute to the
wound-healing process (Friedman, 2000). Activated HSC not
only produce more collagens but also matrix metalloprotei-
nases and their tissue inhibitors, although not in adequate
amounts. Consequently, the delicate balance between fibro-
genesis and fibrolysis is disturbed, resulting in fibrosis.
Although all liver cells produce extracellular matrix, HSC
are regarded as the principal matrix-producing cells, whereas
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Kupffer cells, endothelial cells and hepatocytes contribute only
marginally to extracellular matrix formation (Brenner et al.,
2000; Friedman et al., 2000; McCrudden & Iredale, 2000;
Rockey, 2000). The dramatic progress in understanding the
pathogenesis of liver fibrosis has directed the approach of
developing antifibrotic drugs towards targeting HSC (Wu &
Zern, 2000; Bataller & Brenner, 2001; Beljaars et al., 2002).
Numerous drugs aiming at inhibiting the accumulation of
activated HSC at the sites of liver injury and preventing the
deposition of extracellular matrix are currently under investi-
gation in in vitro and in vivo models of liver fibrosis. Many
substances inhibit or reduce HSC activation (e.g. interferon-y,
trichostatin A, endothelin receptor antagonists type A, TGF-f
inhibitors), proliferation (e.g. pentoxyfylline, trichostatin A,
interferon-y, angiotensin inhibitors, endothelin receptor antago-
nists type A) and/or extracellular matrix deposition in vitro (e.g.
interferon-o and -y, trichostatin A, nitric oxide donors, pento-
xyfylline), but few of them are tolerable and effective in vivo.
Although several of these agents have been studied in animals,
efficacy and safety in humans are as yet largely unknown
(Pinzani & Rombouts, 2004; Bataller & Brenner, 2005).

Antifibrotic effects have been attributed to somatostatin,
which reduced the degree of hepatic fibrosis in different animal
models. Rats treated with octreotide following bile duct
ligation showed histologically significant inhibition of bile
duct proliferation and peri-portal extracellular matrix deposi-
tion as compared to controls (Tracy et al., 1993; Turkcapar
et al., 2003). In mice infected with Schistosoma mansoni,
octreotide reduced the degree of hepatic fibrosis (Mansy et al.,
1998). Finally, octreotide caused a significant decrease in
fibrosis and inflammation in rats with CCl-induced liver
disease (Fort et al., 1998; Moal et al., 2002).

The mechanism by which somatostatin exerts these anti-
fibrotic effects remains uncertain, although some possible
pathways have been proposed. Somatostatin could reduce
extracellular matrix by (i) modulating Kupffer cell function,
(i1) through anti-inflammatory effects associated with suppres-
sion of proinflammatory cytokines or hormones and (iii) by a
direct effect on stellate cells. Although HSC are key cells in the
pathogenesis of liver fibrosis, a direct antifibrotic effect of
somatostatin has not been investigated up to now. We have
previously shown that activated rat HSC express somatostatin
receptors (SSTR) and thus somatostatin could have a direct
antifibrotic effect (Reynaert et al., 2001). Therefore, we
investigated the in vitro influence of somatostatin on activation
and proliferation of, and production of extracellular matrix
proteins by cultured rat HSC.

Methods
Isolation and culture of HSC

HSC were isolated from male Wistar rats by collagenase/
pronase digestion followed by density gradient centrifugation
as described previously (Hellemans et al., 1999). All rats
received humane care in compliance with the Institution’s
Guidelines for the Care and Use of Laboratory Animals in
Research. Approval of the Institutes’ Ethical Committee for
Animal Care was obtained to perform this study. Following
isolation, cells were plated at a density of 1.5 x 10° cellsml~! in
250 ml culture flasks (Falcon, Becton Dickinson, Lincoln Park,

New Jersey, U.S.A.), suspended in Dulbecco’s modified
Eagle’s medium with 10% fetal calf serum supplemented
with 100 Uml™" penicillin and 100 uygml™' streptomycin, and
cultured at 37°C in a humidified atmosphere with 5% CO, and
95% air. At day 2, cell debris and nonadherent cells were
removed by washing. The medium was changed every 2 days
thereafter.

Purity of cultures (at least 95%) was evaluated by examining
the characteristic stellate cell shape with phase-contrast micro-
scopy. Subcultured cells were obtained by trypsinizing primary
cultures at days 8-10 when cells reached confluency. Trypsinisa-
tion was performed by incubating cell cultures for a maximum of
10min with 0.25% trypsin containing 2mM EDTA (Gib-
coBRL™, Life Technologies, Merelbeke, Belgium). Cells were
then seeded in plastic dishes at a density of 3000 cellscm~? and
were subcultured. For immunophenotyping of cells, HSC were
seeded at a density of 5000 cells per chamber on Falcon culture
slides (Becton Dickinson Labware, Meylan, France).

Somatostatin treatment of hepatic stellate cells

In in vitro experiments, somatostatin is classically used at
concentrations that vary between 107> and 107'°moll™!
(Reynaert et al., 2001). Concentrations used in this study range
between 107¢ and 10~ mol1~!, which are not physiological, but
which are definitely in the range of pharmacological concentra-
tions. In pharmacological studies it has been shown that,
following infusion of 250-500 ug somatostatinmin~', a plateau
serum somatostatin level of +10®moll™! is reached. Owing to
the short half-life of somatostatin (in vitro: 2-3h) (Chou et al.,
1987), somatostatin (UCB, Brussels, Belgium) was added to the
medium every 6h in all experiments. Somatostatin was diluted
in saline, and a stock solution of 10~*moll™" was prepared for
further experiments. Saline was used as control.

Northern blot hybridization analysis

HSC, 12-day old, were exposed to different concentrations
(107°-10~"mol1~") of somatostatin for 24 h, followed by RNA
extraction using the RNeasy mini extraction Kit (QIAgen,
Westburg, The Netherlands) according to the manufacturer’s
manual. Complementary DNA (cDNA) probes were generated
by RT-PCR. Primers are summarized in Table 1. Specificity of
the PCR products was confirmed by automatic sequencing
(Reynaert et al., 2001). For Northern hybridization, 10 ug total
RNA of each sample was fractionated on 1% agarose gels
containing 3% paraformaldehyde and transferred onto a
nylon membrane. Probes were labelled with 3*P-deoxycytidine
triphosphate using the Readyprime II labelling kit (Amer-
sham, Little Chalfort, U.K.). Hybridization was performed
using QuikHyb hybridization solution according to the
manufacturer’s instructions (Stratagene Europe, Amsterdam,
the Netherlands) (Rombouts et al., 2002b). All experiments
were performed in triplicate. Films were digitalized and the
results were quantified by Kodak digital science (Kodak,
Rochester, NY, U.S.A.). GAPDH, a house-keeping gene, was
used for normalization of the data.

Inhibition of translation

Cycloheximide, a translation inhibitor, was used in combina-
tion with somatostatin to investigate whether the observed
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Table 1 Primers used for RT-PCR

Forward primer
a-SMA 5'-TGTGCTGGACTCTGGAGATG-3
Collagen I 5-ACGTCCTGGTGAAGTTGGTC-3
Collagen III 5'-CCTAACCAAGGCTGCAAGATG-3¥
GAPDH 5'- TGATGCTGGTGCTGAGTATGTCG-'3

effects were due to a direct effect of somatostatin on
transcription. The maximal nontoxic dose of cycloheximide
(Sigma) was studied by incubating the cells with increasing
concentrations of cycloheximide (0, 0.75, 1.5, 3, 6 and
12 ugml™') in combination with somatostatin, followed by a
short incubation (5 min) with propidium iodide.

To validate the maximum protein synthesis blocking effect
of cycloheximide, HSC were exposed to 0, 0.75, 1.5, 3, 6
and 12 uygml™! of cycloheximide for 24 h. After the initial 18 h
of treatment, cells were metabolically labelled for 6h with
50 uCiml™" of [**S]methionine/cysteine (Trans-**S-label, spe-
cific activity 1000 uCimmol~', ICN Biomedicals). Labelled
media and cell layers were harvested separately and were
stored at 70°C. Protein synthesis was assessed by precipitation
with hot trichloroacetic acid.

After incubation of HSC with an effective, nontoxic dose of
cycloheximide for 24h and with serial concentrations of
somatostatin, RNA was extracted and quantitative RT-PCR
was performed, using the ABI 7700 SDS (Applied Biosystems)
reaction and detection system. Primers and probes for collagen
I and III were made by Assay-on-demand (collagen I:
Rn01463854 gl1; accession no. Z78279 and collagen III:
Rn01437674_ml; accession no. X70369), whereas the primers
and probe for «--SMA were made by Assays-by-Design Gene
Expression Product system (Applied Biosystems) (forward:
5-CACCGCAAATGCTTCTAAGTCA-3; reverse: 5'-GCTG
ATCCACAAAACATTCACAGTT-3'; accession no. X06801).
Predeveloped TagMan Assay reagent for 18S ribosomal RNA
(18SrRNA) (Applied Biosystems) was used as internal control.
For analysis according to the Delta—Delta threshold (C))
method, each C; value was first normalized to the respective
18S rRNA C; value of the sample and afterwards to the
control. Fold induction was calculated from these C.-values.
The ratio of treated versus control was calculated for each
experimental condition and was expressed as mean +standard
deviation (s.d.) of three independent experiments. The
statistical significance of differences between groups was
determined by calculating 95% confidence intervals (95%
Cls). An effect was considered statistically significant when
P<0.05.

Metabolic labelling and immunoprecipitation

Metabolic labelling and immunoprecipitation were performed
as described earlier by our group (Niki et al., 1996; Rombouts
et al., 2001b). In short, at day 12 after isolation, fully activated
cells were exposed to saline or different concentrations (107
10~° mol1~") of somatostatin for 24 h. Subsequently, cells were
metabolically labelled for 24 h using 25 uCiml~" of Trans-S-
label (70% [**SImethionine, 15% [**S]cysteine, ICN Biomedi-
cals, Costa Mesa, CA, U.S.A.) while exposure to test
compounds continued. The labelling medium consisted of
methionine/cyteine-free Dulbecco’s modified Eagle’s medium

Reverse primer Accession no.

5-GATCACCTGCCCATCAGG-3 X06801
5-ACCAGGGAAGCCTCTCTCTC-3 BC036531
5-CAGTGTGTTTAGTGCAGCCAT-3 XM216813
5-AGTGAGCTTCCCGTTCAGCTCTG-3 BC059110

supplemented with 10% foetal calf serum. Media and cell
layers were harvested separately. Total incorporation of
Trans->°S-label into protein was determined by the hot
trichloroacetic acid precipitation method (Niki et al., 1996).
Total incorporation in media and cell layers was expressed per
9.6cm? culture dish. Labelled medium or cell layer were then
subjected to immunoprecipitation, using antibodies against
collagen type I (Southern Biotechnology, Birmingham, AL,
U.S.A.), collagen type III (Prof. D. Schuppan) or smooth
muscle o-actin (Sigma, Little Charfort, U.K.). Proteins were
separated by sodium dodecyl sulphate—polyacrylamide gel
electrophoresis (SDS-PAGE). Gels were immersed in Amplify
(Amersham, Little Chalfort, U.K.), dried, exposed to pre-
flashed autoradiography film (Hyperfilm MP, Amersham,
Gent, Belgium) and analysed by Phosphor Imaging for
quantification (BioRad, Hercules, U.S.A.).

The amount of immunoprecipitable protein was calculated
per dish and per 10° cells for both medium and cell layer.
Values per 10° cells were expressed relative to control culture.
Total radioactivity per 10° cells was calculated by adding
immunoprecipitable radioactivity of both medium and cell
layer. Values were calculated from results obtained in three
rats and were expressed relative to control values. To
determine statistical significance between controls and treated
cells, 95% CIs were calculated. Analysis was performed
using Instat software (GraphPad Software Inc., San Diego,
CA, US.A).

5-Bromo-2'-deoxyuridine (BrdU) proliferation assay

The influence of somatostatin on cell proliferation was studied
with the 5-bromo-2'-deoxyuridine (BrdU) proliferation assay
(Roche, Brussels, Belgium) (Hellemans et al., 1999). Cells, 12
day-old, were plated in 24-well dishes (Falcon). Cells were
allowed to attach for 24h before exposure to different
concentrations of somatostatin (107°~10"*moll~") for 48h.
After the first 24h, media were renewed and cells were
simultaneously incubated with somatostatin and 10 uM BrdU
for 24h (Boehringer, Mannheim, Germany). Following fixa-
tion and denaturation, BrdU incorporation was measured by
ELISA using monoclonal peroxidase-conjugated antibodies
directed against BrdU (Boehringer). Colour development was
measured using a UV-VIS 3550 MICROPLATE reader (Bio-
rad Laboratories). All BrdU proliferation assays were per-
formed in triplicate in three independent cultures. To allow
comparison of proliferation between different groups, results
were expressed as percentage and compared to controls
normalized at 100%. Means and standard deviations were
calculated for all groups. To compare different groups, one-
way analysis of variance (ANOVA) with Bonferroni correc-
tion for multiple comparisons was used (Instat software).
A P-value <0.05 was considered statistically significant.
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Immunocytochemistry to the glass cover slips of the culture dishes, the activated HSC

were treated with saline or somatostatin for 24 h. Since in the
Immunocytochemistry was performed as described previously immunoprecipitation and Northern blotting experiments, only
(Geerts et al., 1998). At day 12, when cells were well attached 10°moll~" of somatostatin significantly reduced o-SMA

Table 2 Characteristics of antibodies used for immunohistochemistry (ICC) and Western blotting

Antibody Type Source Dilutions

Icc Western
a-SMA Monoclonal, IgG, mouse ! 1/500 1/10.000
Vimentin Monoclonal, IgM, mouse ! 1/500 1/10.000
Desmin Monoclonal, IgG, mouse ! 1/500 1/10.000
GFAP Monoclonal, IgG, mouse ! 1/500 —
Synemin Polyclonal, 1gG, rabbit 2 1/1000 —
Nestin Polyclonal, 1gG, rabbit 3 1/200 1/7.500
Secondary AB Anti-mouse, IgG, sheep® 4 1/200 1/20.000
Secondary AB Anti-mouse, IgM, goat® ! 1/250 1/20.000
Secondary AB Anti-rabbit, IgG, Poly-HRP, goat* 3 1/1 1/20.000

Peroxidase conjugated. 'Sigma, Bornem, Belgium; *Courtesy Dr Z.L. Li, Biologie Moléculaire de la différenciation, Université Denis-
Diderot, Paris, France; *Courtesy Dr J. Eriksson, Turku Centre for Biotechnology, University of Turku, Finland; *Amersham Biosciences,
Roosendaal, The Netherlands and *Chemicon International, Temecula, CA, U.S.A.

Figure 1 Morphology of quiescent (a, b), activated saline-treated (c, d) and activated somatostatin-treated (e, f) stellate cells was
studied with phase-contrast (left panel) and autofluoresence (right panel) microscopy. Freshly isolated cells have long, thin
cytoplasmatic processes and are laden with vitamin A containing lipid droplets. In contrast, in 12-day-old activated cells, the lipid
droplets have almost disappeared and are localized around the nucleus. Furthermore, the cells are larger and have no longer the
typical cytoplasmatic processes of the quiescent cells. When cells were treated with somatostatin (10~*moll1~") for 24 h, an increase
in small lipid droplets around the nucleus could be observed in some cells (original magnification x 200).
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expression, this concentration was used to examine effects
of somatostatin on the cytoskeleton. Furthermore, at this
concentration, somatostatin reduced HSC contractility
and migration, two features for which a well-developed
cytoskeleton is a prerequisite (Reynaert ez al., 2001; 2004).
The cells were then exposed to primary antibodies to a-SMA,
desmin, vimentin, glial fibrillary acidic protein (GFAP),
synemin or nestin and peroxidase-conjugated secondary
antibodies. In Table 2, characteristics of the antibodies
are summarized. Peroxidase was visualized by 3,3’-diamino-
benzidine/H,0O, enhanced by Ni** and Co>* ions, resulting
in a black reaction product. After staining for nuclei
with Harris Haematoxylin (Sigma, Bornem, Belgium), the
cells were studied using a Zeiss Axioplan microsope (Zeiss,
Jena, Germany).

Western blotting

Cells, 12-day-old, were treated for 24h with saline or
somatostatin 10~ moll~'. Western blot analysis was per-
formed as described (Niki et al., 1999a). Samples containing
4 ug total protein were separated using an 8% SDS-PAGE,
and electroblotted onto PROTRAN BAS83 nitrocellular
membranes (Schleicher & Schuell, Dassel, Germany). Mem-
branes were then reacted with primary antibodies described
in Table 2. After rinsing, peroxidase-conjugated secondary
antibodies were added, antigens were detected using ECL
Advance Western blotting detection kit (Amersham Bio-
sciences, Little Chalfont, U.K.) and blots were exposed to
Hyperfilm (Amersham Pharmacia Biotech, U.K.). Films were
digitalized and the results were quantified by Kodak digital
science. The experiments were performed in duplicate.

Results

Morphological characterization of quiescent and activated
stellate cells

Cultured cells were characterized by phase-contrast micro-
scopy and by autofluorescence. When freshly isolated cells
were placed in culture, they initially acquired the in vivo
morphological features of HSC, that is, long cytoplasmic
processes and abundant cytoplasmic lipid droplets (Figure la
and b). After 12 to 14 days in culture however, cells lost
most of their lipid droplets (Figure 1d) and gained the
morphology of myofibroblast-like cells (Figure 1c) (Hellemans
et al, 2003). When cells were treated for 24h with
somatostatin (10~°moll~"), no obvious changes in morphol-
ogy were observed (Figure le), except for a minor increase in
vitamin A droplets in some cells (Figure 1f).

Effects of somatostatin on mRNA

To elucidate the possible direct antifibrogenic effect of
somatostatin, we exposed activated rat stellate cells to different
concentrations of somatostatin. We first examined the effect
of somatostatin on mRNA expression of collagen types
I and III, the fibril-forming collagens that predominate in
chronic liver disease, and o-SMA, a marker for HSC
activation. As shown in Figure 2, collagen I and III and o-
SMA mRNA levels were not significantly reduced by

somatostatin 107° to 10~*moll~'. At a concentration of
10°moll~" however, somatostatin induced a significant
reduction of collagen T mRNA expression (72.34+10.7%;
95% CI: 45.5-99.0), collagen III mRNA expression
(79.0+4.5%; 95% CI: 67.6-90.4) and «SMA mRNA expres-
sion (65.7+5.9%; 95% CI: 51.1-80.2).

To distinguish between a direct and an indirect effect of
somatostatin on transcription, we performed cyclohexamide
experiments. First, we identified a nontoxic dose of cyclohex-
imide which successfully inhibited transcription. Incubation
of cultured cells with high concentrations of cycloheximide
(>1.5ugml™") resulted in cell detachment (Figure 3A) and
apoptosis, as shown by propidium iodide fluorescence
microscopy, which demonstrated the nuclei of apoptotic
cells (Figure 3B). Thus, at a concentration of 3pugml™,
cycloheximide proved to be toxic for stellate cells. On the other
hand, protein synthesis was blocked by cycloheximide in a
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Figure 2 Expression of collagen I and III, and a-SMA mRNA after
treatment with different concentrations of somatostatin (10—
10" moll™") or saline (control). Representative Northern blot
hybridization experiment (a). As GAPDH signal was more intense
in the 1077 and 10~* mol ™" experiments as compared to the control,
the results of treatment in these concentrations are underestimated
in this figure. Quantitative analysis, with GAPDH wused for
normalization of the data, is shown in panel (b). Results are
expressed as mean+standard deviation, relative to the control
normalized at 100% (n=3). Only a concentration of 10~°moll™!
resulted in a significant (¥*) reduction of collagen I and III, and
o-SMA mRNA.
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dose equal or larger than 0.75 ugml~". Hence, the effective and
noncytotoxic dose of 1.5 ugml~' was used in further experi-
ments. The addition of somatostatin during treatment with
cycloheximide did not influence the results.

Quantitative RT-PCR confirmed the results obtained by
Northern blot. The higher concentrations of somatostatin did
not alter mRINA of collagen I, collagen III and a-SMA, but at
a concentration of 10~°moll~!, somatostatin induced a small
although significant decrease in collagen I (89.2+6.6%; 95%
CI: 82.6-95.8), collagen III (85.4+11.0 %; 95% CI: 74.3-96.4)
and o-SMA mRNA (85.3+11.8%; 95% CIL. 73.4-97.2)
(Figure 4a). When a combination of somatostatin (10~
10°moll™") and cycloheximide in a concentration of
1.5ugml™! was added to the cultures, somatostatin lost its
effect on mRNA reduction. On the contrary, there was a trend

towards increased mRNA levels (Figure 4b). The data indicate
that the influence of somatostatin on collagen and a-SMA

expression is indirect.

De novo protein synthesis

To confirm that changes of mRNA expression resulted in
altered de novo protein synthesis, immunoprecipitation experi-
ments were performed. The 12-day-old HSC were metaboli-
cally labelled with [**S]methionine/cysteine and were treated
with saline (control) or somatostatin (107°~10~°mol1~"). With
this technique, we were able to measure newly synthesized
proteins in the presence of many other proteins. Furthermore,
production of procollagens as well as the processed forms
could be quantified. In Figure 5, representative results of

Figure 3 Effect of increasing concentrations of cycloheximide on cultured HSC. Pictures a—f were taken 24 h after, respectively, 0,
0.75, 1.5, 3, 6 and 12 ugml™~" of cycloheximide was added to the cultures. (A) At low concentration, cycloheximide had no visible
effect on cell attachment (a—c). However, a concentration of 3 ugml~"' cycloheximide or higher (d—f) resulted in detachment of cells.
(B) Fluorescence microscopy of cells treated with propidium iodide after 24 h of treatment of cycloheximide confirmed these results.
Definitely, at a concentration of 3 ugml~' or higher, cycloheximide induced apoptosis as demonstrated by fluorescent nuclei of
apoptotic cells (d—f). (C) Determination of the dose of cycloheximide which effectively blocked protein synthesis. Cells were
metabolically labelled with [**SImethionine/cysteine. Protein synthesis was assessed by trichloroacetic acid precipitation. From our
data, it is evident that cycloheximide blocked protein synthesis by stellate cells, even at concentrations as low as 0.75 ugml~'. Bars

represent means +s.d. of three independent experiments.
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Figure 4 Effect of somatostatin (107°~10~"mol1™') in the absence
(a) and presence (b) of cycloheximide (1.5ugml™") on collagen I,
collagen III and «-SMA mRNA as measured by quantitative RT—
PCR. Controls (saline) were normalized at 100%. In accordance
with the Northern blot experiments, somatostatin at a concentration
of 10~°mol1~" induces a small, but significant reduction of collagen
I and III, and «-SMA mRNA. Addition of cycloheximide to the
different concentrations of somatostatin has no significant effect on
mRNA, although there was a trend towards increase of mRNA.
Bars represent means+s.d. of three independent experiments.
*P<0.05.

immunoprecipitation experiments are shown. As reported
previously (Knittel ez al., 1992), collagen type I could be
detected as multiple bands (Figure 5a). These bands represent
different stages of collagen chain processing, that is, procolla-
gen ol(I), procollagen «2(I), partially processed forms pCo1(I)
and pCa2(I) and fully processed forms collagen o1(I) and o2(I).
Furthermore, some weak bands probably represent pN
collagen, a C-terminal lacking intermediate, and polypeptide
fragments. In medium, intact procollagen was predominant
and only little fully processed collagen was present. In
contrast, in cell lysate, fully processed forms of collagen
ol(I) and o2(I) were also detectable. The density of the bands
of somatostatin-treated samples varied with the concentration
of somatostatin. Phosphorlmager quantitative analysis
showed a small, statistically insignificant increase of collagen
I with somatostatin 10°moll~' and a minor decrease with
lower concentrations. Somatostatin at 10~°moll~" induced a
moderate decrease to 73+ 10% (95% CI: 48-98%) of collagen
I synthesis as compared to control. In cell lysate, no
significantly different amount of collagen I could be detected.
As reported previously, 80-90% of de novo synthesized

collagen is secreted into the cell culture medium (Niki et al.,
1999b; Rombouts e al., 2001a). Consequently, collagen in
cell lysate contributes only minimally to the total collagen
synthesis.

As shown in Figure 5b, antibodies to procollagen III
immunoprecipitated proal(IIT), the C-terminally processed
pNal(III) and the fully processed collagen o1(I11). Owing to
coreaction with fibronectin, the antiserum of procollagen 111
precipitated an extra band of fibronectin (upper band) (Knittel
et al., 1992). Similar to the observations with collagen I, a
small, insignificant increase in collagen III synthesis occurred
in 10°moll~! somatostatin-treated cells, whereas lower
concentrations resulted in a small decrease. Quantitative
analysis showed that 107°moll™' somatostatin induced a
statistically significant decrease to 65+13% (95% CI: 33—
97%) in collagen III synthesis as compared to control. Again,
no significantly different amount of collagen III could be
detected in the cell lysate.

Somatostatin also reduced de novo a-SMA synthesis. This
effect of somatostatin was most prominent at a concentration
of 10~°mol 1!, which suppressed «-SMA synthesis to 47 +9%
(95% CI: 25-69%) as compared to controls (Figure 5c).

Dynamic cellular function

To exclude nonspecific effects on protein synthesis, we
evaluated a dynamic cellular function, namely de novo total
protein synthesis as measured by incorporation of trans->°S-
label by trichloroacetic acid precipitation. The data, presented
in Figure 6, show that administration of somatostatin in
concentration range from 107 to 10~°mol1~! did not change
statistically significantly the incorporation of trans->>S-label
into total protein, thereby excluding unspecific toxic effects of
somatostatin on protein synthesis.

Effect on cell proliferation

To exclude an effect of somatostatin on stellate cell prolifera-
tion, we performed BrdU proliferation experiments in 12-day-
old cells. As demonstrated in Figure 7, somatostatin had
no significant effect on proliferation in all of the tested
concentrations. Since the possible antifibrotic effect of
somatostatin was not related to changes in HSC proliferation,
we further investigated a possible effect on cell activation and
differentiation.

Influence on the cytoskeleton of HSC

From our previous studies on the influence of somatostatin on
stellate cell contraction (Reynaert et al., 2001) and migration
(Reynaert et al., 2004), and from the results on a-SMA
expression and synthesis in this study, we expected an effect of
somatostatin on the cytoskeleton of activated HSC. Therefore,
we investigated the impact of somatostatin on the expression
of «-SMA, and the intermediate filament proteins desmin,
vimentin, GFAP, nestin and synemin in activated HSC with
immunocytochemistry. As expected, expression of a-SMA,
desmin, vimentin and nestin was strong (Figure 8), whereas
expression of GFAP and synemin was almost absent in
activated HSC (data not shown). Treatment with somatostatin
for 24 h did not induce obvious changes in the distribution of
the cytoskeletal elements under study.
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Figure 5 Effect of somatostatin (107°-10"*mol1~") on de novo synthesis of collagen types I (a) and III (b), and of smooth muscle
a-actin (c) by activated stellate cells. Connective tissue proteins from medium and cell layer were labelled with Trans->*S-label and
analysed by immunoprecipitation and SDS-PAGE (left panels). Radioactivity was quantified by Phosphor Imaging (right panels).
Medium is presented in grey bars, cell lysate in black bars. Since smooth muscle a-actin is not secreted in the medium, smooth
muscle a-actin was only studied in the cell layer. Control values within each experiment were normalized at 100%. Results are
expressed as means +standard deviation (n = 3). Only treatment with somatostatin 10~°moll~" resulted in a statistically significant

difference as compared to control (*).

To quantify the immunocytochemical data, Western blot
analysis for «-SMA, desmin, vimentin and nestin was
performed. After 24h of treatment with somatostatin
10~ mol 1!, no changes in the total amount of these proteins
could be detected (Figure 8).

Discussion and conclusions

Although other studies have attributed antifibrotic effects to
octreotide, the mechanism by which this compound brings

about its effects remain unknown (Tracy et al., 1993; Fort
et al., 1998; Mansy et al., 1998; Moal et al., 2002; Turkcapar
et al., 2003). In the present study, we demonstrate that
somatostatin at 107 mol1~' reduces collagen I and III mRNA
and protein synthesis by activated HSC. Although there is a
tendency towards decreased collagen synthesis, the higher
concentrations do not have a significant effect on mRNA
expression and de novo protein synthesis. How could we
explain this observation? It is well known that continued and
repeated stimulation of somatostatin receptors results in
tolerance, tachyphylaxis or desensitization. Desensitization of
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Figure 6 Evaluation of a possible cytotoxic effect of somatostatin
on HSC: the observed antifibrogenic effect of somatostatin was
protein specific, and not due to general cytotxicity as assumed by a
sensitive dynamic cellular function, namely total protein synthesis.
De novo protein synthesis was measured by incorporation of
Trans-*S-label. Incorporation of Trans-**S-label into total protein
was measured by trichloroacetic acid precipitation. Total incorpora-
tion into protein in control samples was normalized at 100%. Other
values were recalculated accordingly. No statistically significant
differences were observed, suggesting that somatostatin, in the tested
concentrations, had no toxic effects on the cells severe enough to
impair total protein synthesis.
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Figure 7 Influence of somatostatin on proliferation of activated
hepatic stellate cells. Cells, 12-day old, were exposed to different
concentrations of somatostatin (107°~10~°) or to vehicle alone, for
48 h. 5-Bromo-2'-deoxyuridine (BrdU) (10 uM) was added for the last
24 h followed by the quantification of BrdU incorporation. Results
were normalized to control. Data are presented as mean+s.d. The
histogram summarizes the quantitative data of three independent
experiments. No significant differences were found between treated
and untreated cells.

the receptors by somatostatin analogues is caused by several
mechanisms: receptor phosphorylation and uncoupling of the
receptor both lead to rapid desensitization, whereas receptor
degradation and internalization are implicated in long-term
desensitization (Dohlman ez al., 1991). All but SSTR 1 are to a
certain extent internalized after prolonged agonist exposure
(Hukovic et al., 1996). When using somatostatin analogues as
antifibrotic drugs, correct dosing could thus be a problem.
Collagen I and III are fibril-forming collagens that make up
the majority of scar tissue in cirrhosis. Fibrogenesis following
liver injury is characterized by a four- to six-fold increase in
collagen I and III. Suppression of the synthesis of these
collagens is probably important in preventing cirrhosis (Rock-
ey, 2000). Moreover, it has been demonstrated that quiescent
HSC hardly synthesize any collagen types I and III, whereas

the synthesis of collagen I and III increases by, respectively, 7.5
and 3.5 times in activated cells (Knittel et al., 1992). Thus,
prevention of HSC activation is a principal goal in treating
fibrosis (Brenner et al., 2000). Suppression of a-SMA, a well-
established marker of stellate cell activation, is observed
in a range of somatostatin concentrations, although it is
only statistically significant at the lowest concentration
(10~ mol1") tested. This suggests that somatostatin partially
reverts transition of quiescent into activated stellate cells.

Next, we determined whether the observed inhibitory effect
of somatostatin mRNA expression was a direct effect or the
result of induction or repression of other signalling pathways.
Cycloheximide experiments indicated that somatostatin has no
direct transcriptional effect, and that probably other pathways
are involved in the reduced production of collagen and
a-SMA.

To exclude the possibility that somatostatin exerts general
cytotoxic effects on HSC, we also measured total protein
synthesis. Total protein synthesis is not affected by somato-
statin, indicating that no general toxic effects occur. Further-
more, somatostatin and somatostatin analogues have been
used for prolonged periods, especially in the treatment of
endocrine tumours, and appear to be nontoxic (Lamberts
et al., 1996). Therefore, it is reasonable to assume that if
somatostatin or analogues are to be used in the treatment of
chronic liver disease, no major safety issues would need to be
addressed, unless the clearance rate of the analogues is
decreased in cirrhotic patients which could lead to accumula-
tion of the drug (Ottesen et al., 1997).

Migration and contraction are also part of the wound-
healing response. It has been demonstrated that contractility
increases in parallel with o-SMA expression and HSC
activation (Rockey et al., 1993). By analogy, migration of
HSC requires a well-developed cytoskeleton (Rombouts ez al.,
2002a). In previous studies, we demonstrated that somatosta-
tin inhibits endothelin-1-induced contraction of rat HSC,
and reduces migration of human HSC (Reynaert et al.,
2001; 2004). These effects are observed with the same
concentration of somatostatin that is effective in the present
study. It is therefore possible that somatostatin reduces
HSC migration and contractility, by inhibiting a-SMA de
novo protein synthesis. However, with Western blot, we were
unable to show any effect on intermediate filament
protein content following 24 h of treatment with somatostatin.
This is in contradiction with the finding of reduced
mRNA expression and de novo a-SMA synthesis as measured
by Northern blot and immunoprecipitation. It seems that,
although mRNA expression and de novo protein synthesis
is reduced, total protein content is still too high to detect
a difference in overall quantities of a-SMA by Western
blot analysis.

Stellate cell proliferation has been studied in detail and is
important in the pathogenesis of fibrosis (Friedman, 1993).
Moreover, it has been shown that somatostatin has anti-
proliferative properties in some models (Chou et al., 1987). In
our experimental set-up, no significant inhibition of prolifera-
tion could be detected, which is in agreement with our previous
observations using somatostatin agonists in human HSC
(Reynaert et al., 2004). It is therefore unlikely that the
antifibrotic effect of somatostatin is caused by inhibition of
HSC proliferation, although it remains possible that somato-
statin has in vivo antiproliferative effects via inhibition of the
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Figure 8 Immunocytochemistry of 13-day-old HSC stained for «-SMA, desmin, vimentin and nestin. Cells were treated with saline
(upper panel) or somatostatin 10" moll~' (middle panel) for 24 h. Somatostatin did not visibly affect the different cytoskeletal
elements (original magnification x 100). Western blotting analysis (lower panel), performed to quantify the data, proved that no
measurable changes occurred at the protein level following 24 h of treatment. Lanes 1 and 3 represent saline-treated cells, and lanes 2

and 4 represent SST-treated cells.

release of insulin and reduction of the bioactivity of insulin-
like growth factor, both well-recognized mitogens for HSC
(Svegliati-Baroni et al., 1999). There is another possibility why
proliferation is not affected in our model. Proliferation is a
process that requires a cytoskeletal reorganization to increase
the cell plasticity necessary to allow the cell to proliferate.
Intermediate filaments are one of the cytoskeletal components
that require depolymerization prior to cell proliferation. Even
after 24 h of somatostatin treatment, we find no rearrangement
of intermediate filaments, which is a hallmark of cells that
transit from Go into the cell cycle.

Although HSC are most widely studied, other liver
myofibroblasts, such as peri-portal and peri-septal fibroblasts,
are probably also involved in the fibrotic process (Knittel
et al., 1999; Cassiman et al., 2002). So far, SSTR expression
has not been investigated in these cells and thus their
contribution to the antifibrotic effect of somatostatin cannot
be assessed. Furthermore, the response of these myofibroblasts
to various types of liver injury has not been studied in depth.

The effect of somatostatin in the tested concentrations was
moderate, and probably insufficient to explain the more
pronounced effects of somatostatin and analogues observed
in vivo. However, indirect antifibrotic effects through interac-
tion with Kupffer cells (Chao et al., 1997; 1999; Maher, 2001;
Valatas et al., 2004), modulation of immune response (Karalis
et al., 1994; Gunal et al., 2001; Wang et al., 2001) and insulin
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