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Summary

Tumor necrosis factor-alpha (TNF-a) plays a central role in cellular necrosis, apoptosis, organ failure,
tissue damage, inflammation and fibrosis. These processes, occurring in liver injury, may lead to cirrhosis.
Thalidomide, a-N-phthalidoglutarimide, (C13H10N2)4, has been shown to have immunomodulatory and
anti-inflammatory properties, possibly mediated through its anti-TNF-a effect. In this study, we investi-
gated the in vitro and in vivo effects of thalidomide on hepatic fibrosis. A cell line of rat hepatic stellate cells
(HSC-T6) was stimulated with transforming growth factor-b1 (TGF-b1) or TNF-a. The inhibitory effects
of thalidomide on the NFjB signaling cascade and fibrosis markers including a-smooth muscle actin
(a-SMA) and collagen, were assessed. An in vivo therapeutic study was conducted in dimethylnitrosamine
(DMN)-treated rats, which were randomly assigned to 1 of 4 groups: vehicle (0.7% carboxyl methyl
cellulose, CMC), thalidomide (40 mg/kg), thalidomide (200 mg/kg), or silymarin (50 mg/kg), each given by
gavage twice daily for 3 weeks starting after 1 week of DMN administration. Thalidomide (100–800 nM)
concentration-dependently inhibited NFjB transcriptional activity induced by TNF-a, including IKKa
expression and IjBa phosphorylation in HSC-T6 cells. In addition, thalidomide also suppressed TGF-b1-
induced a-SMA expression and collagen deposition in HSC-T6 cells. Fibrosis scores of livers from DMN-
treated rats receiving high dose of thalidomide (0.89±0.20) were significantly reduced in comparison with
those of DMN-treated rats receiving vehicle (1.56±0.18). Hepatic collagen contents of DMN rats were also
significantly reduced by either thalidomide or silymarin treatment. Immunohistochemical double staining
results showed that a-SMA- and NFjB-positive cells were decreased in the livers from DMN rats receiving
either thalidomide or silymarin treatment. In addition, real-time PCR analysis indicated that hepatic
mRNA expressions of TGF-b1, a-SMA, collagen 1a2, TNF-a and iNOS genes were attenuated by tha-
lidomide treatment. In conclusion, our results showed that thalidomide inhibited activation of HSC-T6
cells by TNF-a and ameliorated liver fibrosis in DMN-intoxicated rats.
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Abbreviations: a-SMA – a-smooth muscle actin; Col 1a2 – collagen 1a2; DMN – dimethylnitrosamine;
G3PDH – glyceraldehyde-3-phosphate dehydrogenase; HSC – hepatic stellate cell; iNOS – inducible nitric
oxide synthase; TGF-b1 – transforming growth factor-b1; TNF-a – tumor necrosis factor-a

Introduction

Liver fibrosis is characterized by an excessive
deposition of extracellular matrix (ECM) proteins
and can ultimately lead to cirrhosis and organ
failure [1]. The main causes of liver fibrosis include
chronic viral hepatitis, alcohol abuse, autoimmune
diseases and hereditary metabolic disorders. Acti-
vation of hepatic stellate cells (HSCs) has been
implicated in the pathogenesis of liver fibrosis
[1,2]. During the activation process, HSCs undergo
phenotype transformation from vitamin-A-storing
quiescent cells to myofibroblast-like activated
cells. Activated HSCs are proliferative and fibro-
genic, with accumulation of ECM, including
a-smooth muscle actin (a-SMA) and type I colla-
gen [1–4]. A wealth of evidence suggests that a
number of cytokines including transforming
growth factor-b1 (TGF-b1), platelet derived
growth factor, and tumor necrosis factor-alpha
(TNF-a), are important activators of HSCs in the
course of liver fibrogenesis [1–4].

Nuclear factor jB (NFjB) is an essential tran-
scription factor of a number of genes involved in
immune, inflammatory, and growth responses.
NFjB is activated by various stimuli, including
pro-inflammatory cytokines (e.g., TNF-a), growth
factors, viral proteins and DNA-damaging agents
[5–7]. In most cells under normal conditions, NFjB
exists in a latent state in the cytosol and is bound to
inhibitory proteins including IjBa that mask a
nuclear localization signal. Cytokines such as TNF-
a activate NFjB signaling via the activation of the I
jB-kinase (IKK) complex and subsequently phos-
phorylate and thereby degrade the IjBa protein,
releasing the cytosolic dimer p65-p50 to translocate
into the nucleus to activate transcription of various
genes including inducible nitric oxide synthase
(iNOS) [8–11]. Several in vitro studies showed that
HSC activation is associated with elevation of
NFjB activity [12–14]. In vivo, elevated levels of
hepatic TNF-a occur in acute and chronic liver
diseases, including fulminant hepatic failure, viral
hepatitis and alcohol abuse [15, 16]. Taken together,
these observations suggest a critical role of NFjB in

the activation of HSCs and an anti-TNF-a strategy
to be potentially beneficial for treating liver fibrosis.

Thalidomide, a-N-phthalidoglutarimide, (C13

H10N2)4, initially was used as a sedative and
anti-emetic during pregnancy but was withdrawn
from the market due to its teratogenic effects.
Despite its disastrous initial application, thalido-
mide subsequently has been shown to suppress
TNF-a production by macrophages and other cell
types such as activated T-cells and Langerhans
cells [17–19]. To date, thalidomide has been
therapeutically used for intractable diseases with
pathogenesis involving TNF-a, including graft vs.
host disease, rheumatic arthritis, sarcoidosis, Cro-
hn’s disease, and ulcerative colitis [20–23]. The role
of TNF-a in liver injury has been studied in several
animal models. In alcohol-mediated toxicity, tha-
lidomide prevents Kupffer cell sensitization and
reduces liver injury [24]. Thalidomide has also
been reported to ameliorate hepatic fibrosis in rat
models induced by carbon tetrachloride, bile duct
obstruction, and thioacetamide [25–27]. However,
cellular mechanisms of action of thalidomide are
yet unclear in these studies. The present study was
therefore undertaken to investigate firstly the anti-
fibrogenic effects of thalidomide, using in vitro
assays in HSCs, and secondly conduct a therapeu-
tic study in another rat model of hepatic fibrosis
induced by dimethylnitrosamine.

Materials and methods

HSC-T6 cell line

In vitro study was performed in the HSC-T6 cell
line, a generous gift of Prof. S.L. Friedman of the
Mount Sinai School of Medicine (NY, USA). The
HSC-T6 cell line is immortalized rat HSCs trans-
fected with lipofectamine containing a cDNA in
which the expression of the large T-antigen of
SV40 is driven by the Rous sarcoma virus pro-
moter [28]. HSC-T6 cells were maintained in
Waymouth medium (containing 10% fetal bovine
serum (FBS), pH 7.0) at 37 �C in 5% CO2/95%
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air. The cultures were passaged by trypsinization
every 4th day and cells were plated in 150-mm
culture dishes at a density of 1� 107 cells per dish in
Waymouth medium and incubated under 5% CO2

in air at 37 �C. Bioassay systems of the HSC-T6 cell
line have been established in our laboratory [29].

Transiently transfected cells and luciferase assays

NFjB luciferase assays were adapted from the
method of Park et al. [30]. Briefly, HSCs (105 cells/
well) were seeded on 24-well plates the day
before transfection. Plasmid NFjB-Luc (1 lg/well)
(Strategene, La Jolla, CA) and pRL-SV40 (0.2 lg/
well) (Promega, Madison. USA) were transfected
into cells by lipofectamine (Invitrogen, Califonia,
USA). The pNFjB-Luc consists of NFjB-binding
region, followed by the reporter gene firefly lucif-
erase. Plasmid pRL-SV40 served as an internal
control to normalize the transfection efficiency.
After co-treatment with TNF-a and thalidomide
for different time points (3, 6, 9 h) in 5% CO2

incubator at 37 �C, cells were harvested and lysed
in 100 ll of lysis reagent. Twenty ll of cell lysate
was then mixed with 100 ll of luciferin (the
substrate of luciferase) right before luminescence
detection. The luminescence, generated by lucifer-
ase activity, was measured with AutoLumat LB953
(Berthold Technologies, Bad Wildbad, Germany).
All reagents for luciferase assays were purchased
from Promega (Madison, USA).

Western blot analysis for in vitro a-SMA, IKKa
expression, IjBa phosphorylation and NFjB
translocation

HSCs (5� 106) were seeded in medium containing
10% FBS. After 24 h, cells were washed twice with
phosphate buffer solution (PBS) and the medium
was replaced by serum-free medium. Cells (in
serum-free medium) were pre-exposed to TGF-
b1(1 ng/ml) for 1 h and washed twice with PBS,
then treated with thalidomide for 24 h in the study
of a-SMA protein expression. On the other hand,
cells were stimulated with TNF-a (20 ng/ml) for
20 min in 5% CO2 incubator at 37 �C, and then
treated with thalidomide for 60 min for the study
of IKKa and phospho-IjBa protein expression.
After treatments, cytoplasmic extracts containing
a-SMA, IKKa, and phospho-IjBa proteins were
prepared from cells using the extraction kit

(Chemicon, Temecula, CA) according to the man-
ufacturer’s instructions. In brief, cells were washed
with cold PBS, scraped off the plates and trans-
ferred to a clean centrifuge tube. After centrifuga-
tion at 250� g for 5 min at 4 �C, the supernatant
was discarded. Five volumes of ice-cold cytoplas-
mic lysis buffer containing 0.5 mM dithiothreitol
and 1/1000 dilution of proteinase inhibitor cocktail
were added. The cell pellet was resuspended gently
and the cell suspension centrifuged at 250 g for
5 min at 4�C. The supernatant was collected as
cytoplasmic fraction for the analysis of a-SMA (as
previously reported by us) [29], IKKa expression
and IjBa phosphorylation, according to the meth-
ods of Alpert and Vilèek [31] and Yang et al.
[32]. Twenty lg of proteins in the cytoplasmic or
nuclear fraction were separated on a 10% SDS-
PAGE and transferred onto Immobilon-PVDF
(Millipore, Bedford, MA, USA) in a transfer buffer
(6.2 mM boric acid, pH 8.0). Blots were incubated
initially with blocking buffer (10 mM Tris,
100 mM NaCl, 0.1% Tween 20, and 5% bovine
serum albumin (BSA)) for 1 h at room tem-
perature, and then with specific primary antibodies
against mouse a-actin (Calbiochem-Novabiochem,
San Diego, CA, USA), mouse IKKa, mouse
phosphor-IjBa, mouse a-tubulin (Santa Cruz Bio-
technology, Santa Cruz, California, CA, USA).
Primary antibodies had been diluted (1:100) with
Tris-buffered saline-Tween 20 (TBS-T) containing
5% BSA and 0.01% sodium azide. After antibody
incubation, the blots were washed with TBS-T for
1 h and incubated with anti-mouse IgG conjugated
with horseradish peroxidase (Santa Cruz Biotech-
nology, Santa Cruz, California, CA, USA) for 1 h
at room temperature. After washing of the
secondary antibodies (1:2000) with TBS-T, im-
munodection was performed, using an enhanced
chemiluminscence kit for Western blot detection
(Amersham Pharmacia Biotech, Buckinghamshire,
U.K.). Film exposure ranged from a few seconds to
5 min. Bands were quantified using Kodak Image
Analysis Software (Rochester, NY, USA).

Quantification of collagen deposition in cultured
HSC-T6 cells and in the livers of DMN rats

HSCs (in serum-free medium) were co-treated with
TGF-b1 (1 ng/ml) and thalidomide for 24 h. Cells
were washed and collagen deposited in the wells
was assayed using the Sircol collagen assay kit
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(Biocolor, Belfast, Nothern Ireland) according to
the manufacturer’s instructions and the method
described by Williams et al. [33]. Unbound dye
was removed by washing and the bound complex
dissolved in 0.5% sodium hydroxide. Collagen was
quantitated by spectrophotometry at 540 nm and
results were expressed as percentage of the
untreated controls.

A portion of liver tissue was homogenized in
acetic acid (0.5 M) at 4 �C using an ULTRA
TURRAX� homogenizer (Ika Labotechnik,
Staufen, Germany). The fraction of insoluble
collagen after acid extraction, composed of cross-
linked collagen, was then heated at 80 �C for
60 min for conversion into soluble gelatin. The
gelatin contents of the acid extracts were assayed
using the Sircol collagen assay kit (Biocolor,
Belfast, Nothern Ireland) according to the manu-
facturer’s instructions and the method described
by Shiba et al. [34] and in our previous paper [29].

Measurement of cytotoxicity to HSCs
(MTT assay)

The assay of reduction of 3-(4,5-dimethylthiazol-
2-yl)-2,5-diphenyltetrazolium bromide (MTT) was
used to evaluate the potential of thalidomide
cytotoxicity. HSCs were incubated in 24-well
plates containing Waymouth medium (FBS-free)
with or without thalidomide at different concen-
trations for 24 h at 37 �C. During the last hour,
the cells were incubated with minimum essential
medium containing 0.1 mg/ml MTT. The medium
was aspirated, and the formazan particle was
dissolved with DMSO. A540 absorption intensity
was measured using enzyme-linked immunosor-
bent assay reader, according to the method of
Hansen et al. [35]. Relative cell viability was
determined by the amount of MTT converted to
the insoluble formazan salt. The optical density of
the formazan formed in the control cells was taken
as 100% viability.

Hepato-fibrotic animals

Hepatic fibrosis was induced by DMN adminis-
tration in male Sprague-Dawley rats and we have
recently documented changes in molecular and cell
biological parameters related to fibrosis in these
rats [29, 36]. DMN (5 mg/kg) was injected intra-
peritoneally for 3 consecutive days per week for

4 weeks, according to the method of Jezequel et al.
[37]. DMN (1 g/ml) was purchased from Sigma
Chemical Co. (St. Louis, MO, USA) and diluted
100 folds in saline with a final concentration of
10 mg/ml before injection. Control rats were
injected with saline alone. Rats were maintained
on a standard rat pellet diet and tap water ad
libitum. Animal studies were approved by the
Institutional Animal Care and Use Committee of
the University and conducted humanely, in accor-
dance with the Guide for the Care and Use of
Laboratory Animals [National Academic Press,
USA, 1996]. There were five groups of rats: (a)
control rats receiving 0.7% carboxyl methyl cellu-
lose (CMC), (b) DMN rats receiving 0.7% CMC,
(c) DMN rats receiving silymarin (50 mg/kg,
mixed with 0.7% CMC), (d) DMN rats receiving
thalidomide (40 mg/kg), and (e) DMN rats receiv-
ing thalidomide (200 mg/kg), each given by ga-
vages twice daily for 3 weeks starting at 1 week
after DMN administration. Four weeks after
DMN or saline injection, the rats were examined
for the parameters listed below. On the day of
measurement, venous blood was withdrawn from
each rat under anesthesia, and thereafter the rat
was sacrificed by KCl injection to remove the liver
for homogenization and biochemical analysis.

Histopathological examination

For morphometric studies, the liver fragments
were taken from the left lobe of each rat. Liver
specimens were preserved in 4% buffered parafor-
maldehyde and dehydrated in a graded alcohol
series. Following xylene treatment, the specimens
were embedded in paraffin blocks, cut into 5-lm
thick sections and placed on glass slides. The
sections were then stained with picro-sirius red for
collagen distribution [38]. A numerical scoring
system for histologically assessing the extent of
fibrosis was adapted from the formula of Scheuer
[39], with minor modification [29]. Briefly, fibrosis
was staged as: 0: no fibrosis; stage 1: enlarged,
fibrous portal tracts; stage 2: periportal or portal-
portal septa, but intact architecture; stage 3:
fibrosis with architectural distortion; stage 4:
probable or definite cirrhosis. Additionally, hepa-
tocyte necrosis or degeneration severity was also
graded as: 0, no hepatocyte necrosis or degener-
ation; grade 1, focal necrosis or degeneration of
hepatocytes (mild, lesion £ 3); grade 2, multifocal
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necrosis or degeneration of hepatocytes (moderate,
lesion >3); grade 3, locally extensive or diffuse
necrosis or degeneration of hepatocytes (severe).
The liver scoring examination was performed by a
pathologist (Y.-T. C.) who was blinded to rats’
treatment assignment. Fibrosis and hepatocyte
scores were given after the pathologist had exam-
ined throughout three different areas in the tissue
slide for each rat.

Immuno-fluorescence staining (a-SMA and NFjB
p65 double staining)

Tissue sections were incubated with monoclonal
mouse anti-human SMA antibody (1:500 dilution,
Dako) overnight at 37 �C and then with rhoda-
mine-conjugated donkey anti-mouse IgG antibody
(Jackson ImmunoResearch Laboratories Inc.,
USA) for 1 h at 37 �C. All the sections were
subsequently incubated with fluorescein conju-
gated anti-rat NFjB p65 antibody (1:500 dilution,
Santa Cruz Biotechnology, Santa Cruz, Califor-
nia, CA, USA) for 1 h at 37 �C. All sections were
observed under a laser confocal microscopy (TCS-
SP2, Leica, Wetzlar, Germany). The pictures of
fluorescein-isothiocyanate images and those of
rhodamine images were merged using Leica image
analysis software. Double staining techniques of
a-SMA and NFjB p65 were adapted from the
report of Kitamura and Ninomiya [40].

Western blot analysis for hepatic a-SMA expression

Cytoplasmic extracts containing a-SMA protein
were prepared from hepatic tissues using the
extraction kit (Chemicon, Temecula, CA) accord-
ing to the manufacturer’s instructions. The proce-
dures of Western blots have been reported by us
[29, 36] and described above.

Biochemical analysis of plasma

Blood samples were collected (6 ml each from
the femoral vein) and immediately centrifuged at
1300� g at 4 �C, and plasma was kept at )20 �C
for liver function tests. Alanine transaminase
(ALT) and aspartate transaminase (AST) levels
were measured using a colorimetric analyzer
(Dri-Chem 3000, Fuji Photo Film Co, Tokyo,
Japan), as we described previously [29].

Quantitative real-time PCR for the analysis of
transcripts of a-SMA, TGF-b1, col1agen 1a2,
TNF-a and iNOS genes

Total RNAwas isolated from hepatic tissues by the
method of Chomczynski and Sacchi [41]. For
cDNA synthesis, 1 lg of total RNA was reverse-
transcribed in a 30 ll of reaction mixture contain-
ing 10 lM dNTP mix, 500 lg/ll oligo(dT), 0.2
lM dithiothreitol, 40 units of RNase inhibitor,
200 units of M-MLV reverse transcriptase, and
5� buffer (with 1.5 mM MgCl2) (Invitrogen,
Califonia, USA). The reaction mixture was incu-
bated at 37 �C for 60 min and then denatured at
65 �C for 10 min. In the study, we used two
different methods of quantative PCR: (I) SyBR
Green method for the expressions of G3PDH,
TGF-b1, and a-SMA. SyBR Green, a double-
stranded DNA binding dye, was used for the
fluorescent detection of DNA generated during the
PCR. The PCR reaction was performed in a total
volume of 20ll with 0.4 pmol/ll of each primer,
and 2� SyBR Green PCR master mix (Applied
Biosystems, Foster City, CA, USA); 1 ll cDNA
corresponding to 100 ng of total RNA was used as
template. The primer sequences for PCR amplifi-
cation (a-SMA forward primer: 5¢-TTC GTT ACT
ACT GCT GAG CGT GAG A-3¢, reverse primer:
5¢-AAA GAT GGC TGG AAG AGG GTC-3¢;
TGF-b1 forward primer: 5¢-TAT AGC AAC AAT
TCC TGG CG-3¢, reverse primer: 5¢-TGC TGT
CAC AGG AGC AGTG-3¢; G3PDH forward
primer: 5¢-AGC CCA GAA CAT CAT CCC TG-
3¢, reverse primer: 5¢-CAC CAC CTT CTT GAT
GTC ATC-3¢) were according to our previous
report [29]. (II) The Taqman� PCR Core reagent
kit (PE Applied Biosystems, Foster City, CA,
USA) was used according to the manufacturer’s
protocol for the expressions of G3PDH, iNOS,
collagen 1a2. Specific primers and probe for
G3PDH, TNF-a, iNOS, and collagen 1a2 were
synthesized by PE Applied Biosystems. For each
sample tested, PCR reaction was carried out in a
50-ll volume containing 1 ll of cDNA reaction
(equivalent to 50 ng of template RNA) and
2.5 units of AmpliTaq Gold. Oligonucleotide
primers and fluorogenic probe were added to a
final concentration of 100 nM each. The amplifi-
cation step consisted of 60 cycles of 94 �C for 45 s,
58 �C for 45 s, and 65 �C for 1 min.
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Chemicals and drugs

Waymouth’sMB752/1mediumandFBSwere from
Gibco BRL (Gaithersburg, MD). 3-[4,5-Dim-
ethylthiazol-2-yl]-2,5-diphenyltetrazolium bromide
(MTT) anddimethyl sulfoxidewere purchased from
Sigma Chemical (St. Louis, MO). a-SMA antibody
was from Calbiochem (Darmstadt, Germany).
Thalidomide was from TTY Biopharm Company
Ltd. (Taipei, Taiwan.). For the in vitro study,
thalidomide was dissolved in dimethyl sulfoxide
(DMSO) to make a 50 mg per ml stock solution.
For the in vivo study, thalidomide was mixed with
0.7% carboxyl methyl cellulose (CMC). Silymarin
and other chemicals were from Sigma Chemical Co
(St. Louis, MO, USA). Silymarin was also mixed
with 0.7% CMC for in vivo administration.

Data analysis

Data are expressed as the mean±SEM. One-way
analysis of variance (ANOVA) was used for com-
parison of biochemical and molecular parameters.
Statistical significance was accepted at p<0.05. A
non-parametricmethod (theDunnprocedure under
the Kruskal–Wallis test) was used for multiple
pairwise comparisons between groups for the his-
tological grades of fibrosis. Statistical significance
was accepted at p<0.05.

Results

In vitro effects of thalidomide on HSC-T6 cells

Inhibition of collagen deposition and a-SMA
expression in TGF-b1-treated HSC-T6 cells
by thalidomide
TGF-b1 stimulated collagen deposition and
a-SMA secretion in HSC-T6 cells (Figure 1a
and b). TGF-b1 (1 ng/ml)-stimulated collagen
deposition was 151±12% of controls, and
thalidomide (100–800 nM) concentration-depen-
dently reduced this percentage, with higher con-
centrations achieving significant reduction
(Figure 1a). The ratio of a-SMA:tubulin protein
expression increased from 0.15±0.01 at the
baseline to 0.34±0.03 after TGF-b1 (1 ng/ml)
stimulation. This ratio was significantly reduced
to 0.15±0.02 by thalidomide (800 nM) (Fig-
ure 1b). The inhibitory effect of thalidomide on

TGF-b1-treated HSC-T6 cells was not due to its
cytotoxicity (Figure 1c).

Inhibition of collagen deposition and collagen
1a2 gene expression in TNF-a-treated HSC-T6
cells by thalidomide
In HSC-T6 cells, TNF-a (20 ng/ml)-stimulated
collagen deposition was 151±8% of controls
( p<0.05), and thalidomide (800 nM) significantly
reduced this percentage to 111±9% of controls
( p<0.05). ThemRNAexpression level of collagen 1
a2 was increased by TNF-a at 20 ng/ml (198±15%
of baseline, p<0.01), and thalidomide at 800 nM
significantly inhibited TNF-a-stimulated collagen 1
a2 mRNA expression to 105±18% of baseline
( p<0.01). These results suggested fibrogenic acti-
vation of HSCs by TNF-a, and such fibrogenic
activation of HSCs was significantly inhibited by
thalidomide. In contrast, TNF-a (20 ng/m1) did not
upregulate the mRNA expression of TGF-b1
(134±23% of baseline, p=0.118) in HSC-T6 cells.

Suppression of NFjB transcription activity
by thalidomide
TNF-a (20 ng/ml) stimulated NFjB in HSC-T6
cells, with luciferase activity being 175±36%,
198±20% and 194±66% of controls, respectively
after treatment for 3, 6, and 9 h (Figure 2a).
Thalidomide (100–800 nM) attenuated the NFjB
activity induced by TNF-a at 3 and 6 h. The ability
of thalidomide to inhibit TNF-a-stimulated NFjB
activity was transient, as suppression was not
significant at 9 h (Figure 2a).

Inhibition of IKKa expression and IjBa
phosphorylation in TNF-a-stimulated HSC-T6
cells by thalidomide
Following TNF-a stimulation for 20 min, both
IKKa expression and IjBa phosphorylation were
significant increased. This implied that IKKa
activity was significantly induced by TNF-a
treatment. IKKa expression and IjBa phosphor-
ylation were both concentration-dependently
reduced by thalidomide treatment (Figure 2b
and c).

In vivo effects of thalidomide on DMN rats

General features
The body weight of DMN rats was significantly
lower than that of control rats (Table 1).
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Figure 1. (a) Effects of thalidomide on collagen deposition by HSC-T6 cells after TGF-b1 stimulation for 24 h. Collagen deposi-
tion by HSC-T6 cells was quantified by sircol collagen assay. *p<0.05 vs. Control; #p< 0.05 vs. TGF-b1 alone, (n=3). (b) Thalid-
omide reduced the protein expression of a-SMA induced by TGF-b1 (1 ng/ml) in HSC-T6 cells. Representative results from three
independent experiments are shown here. *p<0.05 vs. Control; #p<0.05 vs. TGF-b1 alone. (c) Effects of thalidomide on cell via-
bility of HSC-T6 cells at 24 h after treatments (n=3).

409



Administration of silymarin or thalidomide did
not increase the body weight in DMN treated
rats. DMN rats also displayed a sickened

appearance, including less vigorous movements
and less smooth fir. Besides, DMN rats showed
a decrease in liver weight compared with control
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Figure 2. (a) Effects of thalidomide (Th) on TNF-a-induced NFjB transcriptional activity in HSC-T6 cells at 3, 6 and 9 h after
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rats. High-dose thalidomide treatment (200 mg/
kg) prevented this decrease in liver weight
(Table 1).

Plasma biochemistry
DMN rats showed significantly higher plasma
ALT and AST levels compared with control rats,
indicating hepatic injury. Plasma AST levels in
DMN rats were significantly decreased by both
low-dose and high-dose treatment of thalidomide
(Table 1). This result suggested that thalidomide
ameliorated hepatic injury in DMN rats.

Histological examination and hepatic collagen
content
Histological examination of livers from DMN rats
revealed the following changes: increase and
expansion of fibrous septa and loss of hepatocytes
(multifocal necrosis of hepatocytes and focal
degeneration of hepatocytes), compared with con-
trol rats. Collagen fibers, as stained by Sirius red,
were more distinctly deposited in the liver of DMN
rats as compared with control rats. Treatment with
thalidomide or silymarin decreased collagen depo-
sition (Figure 3a). As shown in Table 2, fibrosis
scores of livers from DMN rats were significantly
higher than control rats. Fibrosis scores were
decreased in DMN rats treated with high-dose
thalidomide compared with vehicle. Hepatocyte
necrosis scores were reduced in DMN rats treated
with high-dose thalidomide and silymarin, com-
pared with vehicle. Hepatocyte degeneration
scores were also attenuated only in the livers of
DMN rats receiving high-dose thalidomide com-
pared with vehicle.

As shown in Table 1, hepatic collagen contents
were significantly increased in DMN rats com-
pared with control rats, suggesting abundant
accumulation of collagen in the liver of DMN
rats. Hepatic collagen contents were significantly
decreased with treatment of low- and high-dose
thalidomide, or silymarin, suggesting that thalid-
omide and silymarin ameliorated hepatic collagen
deposition in DMN rats. Hepatic collagen con-
tents in DMN rats were reduced by 21 and 38%
with low- and high-dose thalidomide, respectively,
and by 36% with silymarin.

Immuno-fluorescence double staining for
a-SMA and NFjB
In the immuno-staining for a-SMA (red), a-SMA-
positive cells (activated HSCs) were observed in
the fibrous septa, portal tracts and sinusoids of the
livers from DMN rats (Figure 3b). In double
staining for a-SMA (red) and NFjB (green),
we observed NFjB translocated into the nucleus
of a-SMA-positive cells (activated HSCs), but not
hepatocytes. Moreover, the a-SMA-positive cells
with NFjB nuclear translocation were also accu-
mulated in the fibrous septa and portal tracts of
the fibrotic livers. The a-SMA-positive cells with
NFjB nuclear translocation in DMN rats were
reduced with the treatment of low- and high-dose
thalidomide, and with silymarin (Figure 3b).

Detection of a-SMA protein in liver tissues
Figure 4 shows that a-SMA protein expression
was increased significantly in the liver tissues of
DMN rats compared with control rats, as
detected by Western blot analysis. Treatment

Table 1. General profiles in control rats and dimethylnitrosamine (DMN)-induced fibrotic rats receiving thalidomide, silymarin or
vehicle treatment.

Group Control DMN-vehicle DMN-Sil (50 mg/kg) DMN-Th (40 mg/kg) DMN-Th (200 mg/kg)

BW (g) 457±8 384±10** 379±12** 387±3** 383±6**

LW (g) 14.1±0.7 12.3±0.7* 12.1±0.6* 13.5±0.4 14.8±0.4# #

SW (g) 0.90±0.04 1.30±0.06** 1.32±0.10** 1.42±0.06** 1.39±0.06**

AST (U/l) 78±5 158±22** 160±25** 110±11# 104±11# #

ALT (U/l) 31±2 108±13** 105±6** 83±6** 87±10**

Collagen (mg/g liver) 5.92±0.54 8.08±0.53* 5.18±0.38# # 6.37±0.82# 4.98±0.52# #

Th, thalidomide; Sil, silymarin; BW, body weight; LW, liver weight; SW, spleen weight; AST, aspartate transaminase; ALT, alanine
transaminase; collagen, Collagen content (mg/g liver dry weight). Data are expressed as the mean±SEM. The number of rats in each
column is 9. *p<0.05, **p<0.01 vs. control group, #p<0.05, # #p<0.01 vs. DMN group.
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Figure 3. (a) Histological examination of liver sections in control and dimethylnitrosamine (DMN)-treated rats. Representative
liver sections were obtained from control rats (a), DMN rats receiving vehicle (b), DMN rats receiving 50 mg/kg silymarin
(c), DMN rats receiving 40-mg/kg thalidomide, (d), and DMN rats receiving 200-mg/kg thalidomide (e). Sections were stained with
Sirius red. Scale bar=200 lm. (b) Double immunofluorescence staining was performed with anti-a-SMA IgG (red) and an anti-
NFjB (p65) IgG (green). Scale bar=50 lm. The pictures of fluorescein-isothiocyanate images and those of rhodamine images were
merged by using Leica image analysis software.
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Figure 3. Continued.

Table 2. Fibrosis scores in control rats and dimethylnitrosamine (DMN)-induced fibrotic rats receiving thalidomide, silymarin or
vehicle treatment.

Group Control DMN-vehicle DMN-Sil (50 mg/kg) DMN-Th (40 mg/kg) DMN-Th (200 mg/kg)

Fibrosis score 0±0 1.56±0.18** 1.25±0.16** 1.56±0.29** 0.89±0.20*,#

Hepatocyte necrosis 0±0 1.89±0.20** 1.00±0.27*,# 1.33±0.29* 0.78±0.32*,#

Hepatocyte degeneration 0±0 1.56±0.24** 1.62±0.42* 0.89±0.26* 0.22±0.44#

Th, thalidomide; Sil, silymarin; data are expressed as the mean±SEM. The number of rats in each column is 9. *p<0.05, **p<0.01 vs.
control group; #p< 0.05, # #p<0.01 vs. DMN group.
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with high-dose thalidomide or silymarin reduced
a-SMA protein expression significantly.

Analysis of transcripts of a-SMA, TGF-b1, Col
1a2, TNF-a and iNOS genes
There were significant increases in hepatic mRNA
expressions of a-SMA, TGF-b1, Col 1a2, TNF-a
and iNOS genes relative to G3PDH in DMN rats
compared with control rats (Figures 5a and b).
The mRNA expression levels of TGF-b1 and
a-SMA in DMN rats were reduced by thalidomide
treatment (Figure 5a). Moreover, the mRNA
expression levels of Col 1a2, TNF-a and iNOS
were attenuated by treatment of silymarin and
high-dose thalidomide (Figures 5a and b).

Discussion

In the present study, we observed in vitro that
(a) thalidomide concentration-dependently

attenuated TGF-b1-stimulated a-SMA secretion
and collagen deposition in HSC-T6 cells, (b) tha-
lidomide also reduced TNF-a induced NFjB
activity, IKKa expression, IjBa phosphorylation,
and collagen deposition in HSCs. To our knowl-
edge, the present study was the first to demonstrate
the in vitro inhibitory effects of thalidomide on
TNF-a-induced NFjB activity as well as collagen
deposition, and TGF-b1-stimulated fibrogenesis in
a cell line of rat HSCs.

Our in vivo study showed that hepatic fibrosis
scores, collagen contents, and mRNA expressions
of a-SMA, TGF-b1, collagen 1a2, TNF-a and
iNOS genes, of livers from DMN-treated rats with
high-dose thalidomide were significantly reduced
in comparison with those of DMN-treated rats
receiving vehicle, together with reduction of
hepatic injury markers (plasma AST activities).
In the present study, high-dose thalidomide treat-
ment (200 mg/kg) prevented the decrease in liver
weight, but did not prevent the increase in spleen
weight in DMN-treated rats. We speculate that
high-dose thalidomide treatment prevented the
decrease in liver weight, suggesting the ameliora-
tion of hepatic injury and fibrosis in DMN-treated
rats. But thalidomide treatment did not prevent
the increase in spleen weight, suggesting that
portal hypertension-related splenomegaly follow-
ing hepatic fibrosis may take longer to be amelio-
rated in DMN-treated rats. Further studies with
longer duration of thalidomide treatment and
measurement of hemodynamic parameters are
needed to clarify this issue. Plasma ALT activities
in DMN rats tended to be decreased by both low-
dose (83±6 vs. 108±13 U/l, p=0.09) or high-dose
(87±10 vs. 108±13 U/l, p=0.15) treatment of
thalidomide as compared with the vehicle group
(Table 1), and the significance of thalidomide on
plasma ALT activities (an indicator of heptocellu-
lar damage) could be under-powered by the
limited number of rats in this study. Moreover,
from the results of immuno-fluorescence double
staining for a-SMA and NFjB, we found
that NFjB translocated into the nucleus of
a-SMA-positive cells (activated HSCs), but not
hepatocytes. In the DMN-thalidomide-treated
rats, the number of a-SMA-positive cells was
significantly decreased. Overall, treatments with
thalidomide (200 mg/kg) and silymarin (50 mg/kg)
yielded comparable benefits in terms of reductions
in collagen contents, a-SMA expression and
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extracts of liver tissues in DMN rats. The number of rats in
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fibrosis-related mRNA expressions of collagen 1a2
and TNF-a genes. Nevertheless, thalidomide ex-
erted better benefits than silymarin in terms of
reduction in plasma AST activities indicative of
hepatic injury, improvement of liver weight, and
mRNA expressions of a-SMA and TGF-b1 genes.

TGF-b1 has been viewed as a key mediator in
hepatic fibrogenesis [1–4]. In our previous study
[29], we observed that TGF-b1 at 1.0 ng/ml was
optimal for fibrogenic activation without inadver-
tent cytotoxicity; therefore, we chose this concen-
tration for the present in vitro study and evaluated
the inhibitory effects of thalidomide. Helm et al.
[42] proposed that collagen biosynthesis may be
an appealing target of thalidomide action.
A non-sedative metabolite of thalidomide,
2-phthalimidoglutarimide, may inhibit the enzyme
prolyl hydroxylase which catalyses the formation
of 4-hydroxyproline in collagens. This proposed
mechanism may contribute to the anti-fibrogeneic
actions of thalidomide in our in vitro and in vivo
studies. In a previous study, Muriel et al. observed

that administration of thalidomide in carbon-
tetrachloride-induced cirrhotic rats can reduce the
hepatic hydroxyproline content, lipid peroxida-
tion, ALT, c-GT and ALP levels [25]. In the present
study using a different animal model, we addition-
ally included a-SMA protein expression, and
mRNA expression of fibrosis-related genes includ-
ing TGF-b1, a-SMA and collagen 1a2 for thera-
peutic evaluation of thalidomide. Our results
corroborated the study by Muriel et al. Taken
together, thalidomide exerts anti-fibrotic effects in
both DMN and carbon tetrachloride intoxicated
rats.

TNF-a has been proposed as a mediator with
a variety of biological effects that include pro-
inflammatory and immuno-regulatory properties
[5–7]. Serum TNF-a and TNF-a mRNA levels,
both in the liver and peripheral mononuclear
cells, were found to be elevated in chronic
hepatitis C patients [43], patients with alcoholic
liver cirrhosis [44], and in rats with acute liver
damage induced by carbon tetrachloride [45].
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TNF-a is a potent inducer of NFjB, a key
transcription factor that induces genes involved
in inflammation, responses to infection, and
stress. Activated HSCs predominantly express
the classic NFjB p65:p50 complex [5–7]. Once
activated, NFjB dimers are translocated to the
nucleus wherein they stimulate the transcription
of genes that carry NFjB binding motifs,
including genes encoding iNOS and intercellular
adhesion molecule-1 (ICAM-1) [46]. In our
in vitro study, we found that TNF-a (20 ng/m1)
did not upregulate the mRNA expression of
TGF-b1 in HSC-T6 cells. Although both TNF-a
and TGF-b1 are well-known activators of HSCs
[1–4], and the mRNA expressions of TNF-a and
TGF-b1 genes were upregulated in hepatic
fibrotic rats in the present study, our current in
vitro results did not suggest that HSC activation
by TNF-a would result in, or was mediated
through, TGF-b1 signaling pathways. Several
studies showed that HSC activation is associated
with elevated NFjB activity [12, 13, 47]. In the
present study, using double staining technique,
we demonstrated the co-localization of NFjB
with activated HSCs (a-SMA-positive cells) in
the DMN-induced fibrotic rats. Our results
suggested that NFjB activation and transloca-
tion into the nucleus was observed in activated
HSCs during hepatic fibrogenesis in vivo, the
number of which was reduced by thalidomide
treatment (Figure 3b).

Recently, thalidomide is shown to inhibit
NFjB activity through suppression of IjB kinase
activity in human T cell lymphocytes and human
vascular endothelial cells [48]. The authors found
that NFjB DNA binding activity is inhibited by
thalidomide through a mechanism that involves
the suppression of IKK activity. Moreover, with
its ability to block NFjB binding, thalidomide
also inhibits the expression of NFjB-dependent
genes including IL-8, TRAF1, and c-IAP2. Our
present results also showed that thalidomide
significantly inhibited TNF-a-induced IKKa
expression and IjBa phosphorylation in HSCs
(Figures 2b and c).

TNF-a-induced NFjB activity was also atten-
uated by thalidomide (Figure 2a). The ability of
thalidomide to inhibit NFjB induced by TNF-a
was transient, however, as suppression was
partially lost at 9 h. It remains to be clarified
whether loss of in vitro activity could be partially

due to the fact that thalidomide is labile to
spontaneous hydrolysis in any aqueous solution
[49]. Our previous study showed that TNF-a at
5, 10 and 20 ng/ml stimulated the NFjB lucif-
erase activity in HSCs and the stimulated lucif-
erase activity was higher at 20 ng/ml, which was
taken for the present studies on thalidomide.

There is another report showing that green tea
polyphenol epigallocatechin-3-gallate (EGCG)
also inhibits acetaldehyde-induced NFjB activity
in HSCs [50]. One interesting difference between
our study on thalidomide and the study on EGCG
is that thalidomide affected the upstream signaling
molecules of NFjB, whereas EGCG reduces DNA
binding ability of NFjB in HSCs.

The precise mechanisms of action of thalido-
mide remain to be clarified; however, the anti-
fibrotic effects of thalidomide observed here might
be partially due to its inhibitory effects on prof-
ibrotic and proinflammatory cytokines (e.g. TGF-
b1 and TNF-a). Whether thalidomide also exerted
anti-fibrotic effects in DMN rats through other
possible mechanisms such as protection of hepato-
cytes against apoptotic insults, another important
but contrasting therapeutic strategy against
liver fibrosis, remains to be explored [1–3, 51].
Although the side effects of thalidomide currently
limit its clinical indications [20–23] and preclude
the long-term use, efforts to synthesize thalidomide
analogues lacking teratogenic effects but having
more potent efficacy are underway [52]. Given that
thalidomide has unique mechanisms of actions,
there seems to be a strong possibility that this type
of drug will also prove beneficial for patients with
liver cirrhosis.

In conclusion, our results showed that thalid-
omide inhibited activation of HSC-T6 cells by
TGF-b1 and TNF-a. Thalidomide treatment also
exerted anti-fibrotic effects in DMN-induced
fibrotic rats.
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