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INTRODUCTION

Liver fibrosis is caused by an imbalance between the synthesis 
and degradation of extracellular matrix (ECM, especially type I 
and type III collagens) in response to chronic liver injury regard-
less of the etiology.1,2 The hepatic stellate cell (HSC) is now wide-

ly recognized as the principal effector of hepatic fibrogenesis.3,4 
In addition to expressing matrix proteins, particularly type I col-
lagen, activated HSC also expresses matrix-degrading metallo-
proteinases (MMPs) and the potent metalloproteinase inhibi-
tors, tissue inhibitor of metalloproteinase 1 and 2 (TIMP-1 and 
TIMP-2).5

Interstitial MMPs, such as MMPs 1, 8, and 13 can degrade 
native type I collagen, and therefore, play a role in the resolu-
tion of liver fibrosis.6 In humans, the principal interstitial MMP 
is MMP-1, but it is MMP-13 in rat liver.7-9 TIMP-1 is the most 
important member of the TIMP family. It interacts with MMP-
1 and MMP-13 at a ratio of 1:1 to inhibit their activity.10 The ex-
pression and the ratio of TIMP-1/MMP-1 or TIMP-1/MMP-13 
involved in ECM degradation may be an important contribut-
ing factor in the pathogenesis of hepatic fibrosis.

Transforming growth factor-β1 (TGF-β1), the main cytokine 
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involved in liver fibrogenesis, may play a key role in activation 
of HSC and extracellular matrix remodeling.11,12 It has been re-
ported that TNF-α and TGF-β1 may be involved in modulation 
of the expression of several MMPs and TIMPs.13-16 For example, 
Knittel, et al.13 reported that TNF-α stimulated both MMP and 
TIMP expression of HSCs, but TGF-β1 induced only TIMP ex-
pression. TGF-β1 may play a key role in the remodeling of the 
ECM by regulating TIMPs and the ratio of MMPs to TIMPs.

Thalidomide was withdrawn from the world market in the 
early 1960s due to its well-known tragic teratogenic effects. Tha-
lidomide has since undergone a revival because of its anti-in-
flammatory effects, ability to regulate immunological reaction, 
and anti-oncogenic properties, which have been demonstrated 
in many clinical and basic trials.17-19 Recently, thalidomide has 
been used to prevent the progression of the experimental liver 
fibrosis, and its curative effects have shown promise. Its mecha-
nism was thought to be associated with the suppression of cyto-
kines such as TNF-α.20,21 However, little work has been per-
formed on the mechanisms by which thalidomide may affect 
matrix degradation in liver fibrosis.

The aim of this study was to investigate the effect of thalido-
mide on the degradation of extracellular matrix in the carbon-
tetrachloride-induced hepatic cirrhosis in rats and to analyze 
its mechanism of action.

 

MATERIALS AND METHODS

Animals
Sixty Wistar male rats (85–95 g) were obtained from the experi-
mental animal center of the Hubei Academy of Medical Sci-
ences. All animals were kept in a temperature- and humidity-
controlled environment, and they received humane care with 
free access to standard chow and water throughout the study 
period.

Ethical approval
All aspects of animal research were approved by the ethics 
committee of the Jining First People’s Hospital in compliance 
with the current guidelines regarding the care and use of ani-
mals in research.

Experimental design
Model and experimental rats were intraperitoneally injected 
with 0.2 mL/100 g sterile carbon tetrachloride (CCl4) and pea-
nut oil at a ratio of 1:6 three times weekly for 8 weeks to induce 
hepatic cirrhosis. Thalidomide (Changzhou Pharmaceutical 
Company, Changzhou, China) was dissolved in normal saline 
(final concentration: 1%). The rats were randomly divided into 
four groups as follows (n=15): normal control, model, sponta-
neous recovery, and thalidomide-treated groups. The animals 
in the normal control group received peanut oil by intraperito-
neal injection for 8 weeks, and then peanut oil was discontin-

ued and the vehicle (normal saline) was administered daily by 
gavage for 6 weeks. The rats in the model group received CCl4 
only for 8 weeks. The rats in the spontaneous recovery group 
received CCl4 for 8 weeks, and then CCl4 was discontinued and 
the vehicle was administered daily by gavage for 6 weeks. Tha-
lidomide-treated rats received CCl4 for 8 weeks, and then CCl4 
was discontinued and thalidomide (100 mg/kg) was adminis-
tered daily by gavage for 6 weeks. Rats were killed at the end of 
study period and blood was obtained from the right ventricle 
of heart under ether anesthesia. Blood was collected in hepa-
rinized tubes without ethylene diamine tetraacetic acid (EDTA). 
It was then centrifuged at 1500 rpm/min for 15 min and serum 
was frozen at -20°C until testing. Liver tissue from the right lobe 
was fixed in 40 g/L formaldehyde, embedded in paraffin, and 
continual sections were made. Unused liver tissue was pre-
served at -80°C.

Histopathological examination
Two pathologists performed the histopathological examina-
tion independently after staining the sections of the liver with 
hematoxylin and eosin (H&E). One slide per rat was selected 
and ten random fields were evaluated per slide. The Scheuer 
standard was used to grade the severity of the inflammation 
activity and fibrosis in liver.22

Serum assay
Serum hyaluronic acid (HA), laminin (LN), procollagen type 
III (PC III), and collagen type IV (C IV) were detected using a ra-
dioimmunoassay.

Immunohistochemistry
The expression of markers was detected in liver tissue of each 
surviving rat using the three-step streptavidin-biotin immuno-
peroxidase method. Briefly, sections were de-paraffinized and 
re-hydrated. They were then heated in a microwave for 10 min 
at 100°C to improve antigen retrieval. Sections were then incu-
bated in 3% hydrogen peroxide for 10 min to block endoge-
nous peroxidase. Then, the samples were incubated for 2 h in 
the presence of the primary antibody (1:150) [MMP-13 (rabbit 
anti-rat), TIMP-1 (rabbit anti-rat), and α-smooth muscle actin 
(α-SMA) (mouse anti-rat), Bosider, Wuhan, China], followed 
by incubation for 30 min with a peroxidase-conjugated goat 
anti-mouse (or rabbit) secondary antibody (Bosider, Wuhan, 
China). The color was then developed by incubation for 3 min 
with diaminobenzidine (DAB kit; Bosider).

For positive cells, the cytoplasm was stained brown and the 
membrane was stained yellow. The sections were indepen-
dently observed by two pathologists. No fewer than 5 high-
power fields (400×) and no fewer than 1000 cells were counted. 
Then the relative number of positive cells was recorded.

Western blot analysis
The liver tissue of each surviving rat per group was analyzed 
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using Western blot analysis. Frozen tissue (100 mg) was ho-
mogenized in 1 mL of ice-cold lysis buffer (10 mM Tris-HCl 
pH 7.5, 10 mM NaCl, 0.1 mM EDTA, 0.5% Triton-X, 0.02% 
NaN3, 0.2 mM phenylmethylsulfonyl fluoride, and 1 μg/mL 
each of aprotinin, leupeptin, and pepstatin). After incubation 
for 30 min on ice, the homogenate was centrifuged at 16000 g/
min for 30 min at 4°C, and the supernatant was transferred to a 
new tube and stored at -80°C. Protein concentration was de-
termined using the Bradford method with bull serum albumin 
as standard.23 Proteins (30 μg) from each samples were loaded 
on a 12% sodium dodecyl sulfonate-polyacrylamide gel and 
transferred to a nitrocellulose membrane at 80 mA for 2 h in a 
water-cooled transfer apparatus. The membrane was pre-incu-
bated in blocking buffer [Tris-buffered saline (TBS) containing 
Tween and 5% non-fat dried milk] for 2 h at room temperature 
and then probed with a primary antibody (1:200 diluted in 
blocking buffer) overnight at 4°C. The membrane was washed 
three times with 0.1% Tween-TBS and then incubated with 
goat anti-rabbit or mouse IgG conjugated with horseradish 
peroxidase-coupled secondary antibody (Santa Cruz, Dallas, 
TX, USA) at a dilution of 1:2000 in the blocking buffer for 2 h at 
room temperature. The bands were detected using enhanced 
chemiluminescence. Anti-actin IgG was used at a dilution of 
1:1000 to detect the expression level of β-actin in the liver tis-
sues as a house-keeping internal control. Primary antibodies 
used were as follows: anti-rat TGF-β1 polyclonal antibody 
(Santa Cruz, CA, USA), anti-mouse β-actin monoclonal anti-
body (Sigma, St. Louis, MO, USA). Images were captured and 
the signals were quantified in arbitrary units as optical density 
×band area using a Vilber Lourmat image analysis system (Vil-
ber Lourmat, Marne-la-Vallee Cedex 1, France). Data are ex-
pressed by density ratios to β-actin.

Reverse transcriptase polymerase chain reaction
Liver tissue from each surviving rat was analyzed using reverse 
transcriptase polymerase chain reaction (RT-PCR). Total RNA 
was extracted from the liver tissue using Trizol reagent (Invit-
rogen, Carlsbad, CA, USA) according to the manufacturer’s 
protocol. Total RNA was dissolved in RNase-free H2O and quan-
tified in duplicate by measuring the OD at 260 nm. Superscript 
II RNase Reverse transcriptase (Invitrogen) was used to reverse 
transcribe 1 μg of RNA, and MMP-13, TIMP-1, and TGF-β1 cD-
NAs were amplified on a programmed gene cycler (Biometra, 
Goettingen, Germany). The primer pairs used for the amplifi-
cation were as follows: MMP-13 (33 cycles of 95°C for 3 min, 
95°C for 35 s, 53°C for 35 s, 72°C for 40 s, 72°C for 7 min); TIMP-
1 (33 cycles of 95°C for 3 min, 95°C for 35 s, 51°C for 30 s, 72°C 
for 40 s, 72°C for 7 min); TGF-β1 (35 cycles of 95°C for 3 min, 
94°C for 35 s, 53°C for 30 s, 72°C for 45 s, 72°C for 7 min); glycer-
aldehyde-3-phosphate dehydrogenase (GAPDH) (35 cycles of 
95°C for 3 min, 94°C for 30 s, 53°C for 35 s, 72°C for 40 s, 72°C 
for 7 min). The primer pairs were designed from sequences 
published in GenBank. The primer pairs were as follows: 

MMP-13 (359 bp): sense: 5’-CCC TCG AAC ACT CAA ATG GTC 
CCA AAC-3’; anti-sense: 5’-AGT GGC CAA GCT CAT GGG 
CAG CAA CAA-3’; TIMP-1 (335 bp): sense: 5’-ACA GCT TTC 
TGC AAC TCG-3’; anti-sense: 5’-CTA TAG GTC TTT ACG AAG 
GCC-3’; TGF-β1 (350 bp): sense: 5’-TGA GTG GCT GTC TTT 
TGA CG-3’; anti-sense: 5’-ACT TCC AAC CCA GGT CCT TC-3’; 
GAPDH (308 bp) sense: 5’-TCCCTCAAGATTGTCAGCAA-3’; 
anti-sense: 5’-AGATCCACAACGGATACATT-3’. All samples 
were normalized to GAPDH as an endogenous housekeeping 
gene. The cDNAs from all liver samples were amplified simul-
taneously using aliquots from the same PCR mixture. After the 
PCR amplification, 5 μL of each reaction was electrophoresed 
on 1.5% agarose gels, and stained with ethidium bromide. Im-
ages were captured, and the signals were quantified in arbitrary 
units as OD×band area using a Vilber Lourmat image analysis 
system (Vilber Lourmat). Data are expressed as density ratios 
to GAPDH.

Statistical analysis
Data are presented as mean±standard error of the mean (SEM). 
Statistical analysis was performed using one-way analysis of 
variance (ANOVA) followed by Student-Newman-Keuls post 
hoc test. In this study, the figures shown are representative of 
at least three experiments performed on different experimental 
days. Differences were considered significant at p<0.05.

RESULTS

Rat health and liver observation
At the end of experimental period 14 rats survived in the nor-
mal control group; 11 in the model group; 12 in the spontane-
ous recovery group; and 14 in the thalidomide-treated group.

Rats in the normal control group had normal livers. In the 
model group, the survivors appeared anorexic, lost body 
weight, and their coats became dull. There were many granu-
lo-nodules distributed on the surface of the liver. They felt 
tough and their edges were obtuse. In the spontaneous recov-
ery group, the general health and livers of the surviving rats 
were as same as those in the model group. The rats in the tha-
lidomide-treated group had better health than those in the 
model group, as indicated by good appetite, body weight, and 
glossy coats. There were few granulo-nodules distributed on 
the surface of the liver, but they became smoother than those 
of cirrhotic rats. Their livers felt soft and their edges were not so 
obtuse (Fig. 1).

Histopathology
Fig. 2A shows the histopathology of the liver after H&E stain-
ing. The architecture of hepatic lobules of the normal control 
rats was intact, and no fibroplasia or inflammatory cell infiltra-
tion was observed. However, in the rats in the model group, the 
lobules of the liver were separated and surrounded by collagen 
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fibers, producing visible pseudo-lobules. Severe necrosis and 
fatty degeneration of hepatocytes were widespread in the 
pseudo-lobules of cirrhotic livers, and inflammatory cells infil-
trated the stroma extensively. The fibroplasia of the rat liver in 
the spontaneous recovery group was slightly less severe than 
in the model group, and hepatocellular necrosis was slightly 
less severe and slightly less widely distributed. Inflammatory 
cell infiltration was also slightly less pronounced in this group 
than in the model group. Hepatocellular necrosis and fibropla-
sias were significantly less severe in the livers of thalidomide-
treated rats than in the model group. There were fewer fibro-
septa and they were thin. There was less inflammatory cell 
infiltration, which improved the architecture of the hepatic 
lobule considerably.

The total Scheuer score was significantly higher in the model 
group than in the normal control group or in the spontaneous 
recovery group (3.80±0.33 vs. 0.30±0.16, p<0.01; 3.80±0.33 vs. 
2.92±0.32, p<0.05), and the total Scheuer score in thalidomide-
treated group was significantly lower than in the spontaneous 
recovery group (1.43±0.21 vs. 2.92±0.32, p<0.01) (Fig. 2B).

Analysis of serum markers
Serum HA, LN, PC III, and C IV in the model group was signifi-
cantly higher than in the normal control group or in the spon-
taneous recovery group (p<0.01) and significantly lower in 
thalidomide-treated group than in the spontaneous recovery 
group (p<0.01) (Table 1).

Immunohistochemical analysis of MMP-13, TIMP-1, 
and α-SMA
There was little expression of MMP-13 protein in normal rat 
livers and cirrhotic livers, and it was mainly along the sinusoid. 
Whereas, there was increased expression of MMP-13, distrib-
uted at the fibro-septa band, necrotic areas, and inflammatory 
cell infiltration in hepatic lobules in the spontaneous recovery 
group and livers of rats that had undergone thalidomide thera-
py (Fig. 3A). The ratio of the positive cells to the total cells in the 
model group was significantly lower than in the thalidomide-
treated group or spontaneous recovery group (3.39±1.52% vs. 
7.11±2.18%, p<0.01; 3.39±1.52% vs. 5.10±1.42%, p<0.01). The 
ratio was significantly higher in the thalidomide-treated group 

Fig. 1. Appearance of rat livers. Cirrhosis was much more severe in rats in the M and S than in T. N, normal control group; M, model group; S, spontane-
ous recovery group; T, thalidomide-treated group.
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than in the spontaneous recovery group (7.11±2.18% vs. 5.10± 
1.42%, p<0.01) (Fig. 3B).

What little expression of TIMP-1 and α-SMA protein there 
was in normal rat livers was distributed in the hepatic sinusoid. 
In the cirrhotic livers, these two positive cells were mainly dis-
tributed at the fibro-septa band, area of necrosis and inflam-
matory cell infiltration in hepatic lobules. They were also dis-
tributed at the periantral HSC (Figs. 4A and 5A). The ratios of 
these two positive cells to the total cells in the model group 
were significantly higher than in the normal control group or 
in the spontaneous recovery group [TIMP-1: 70.33±5.51% vs. 
3.47±1.42% (p<0.01), 70.33±5.51% vs. 57.82±4.32% (p<0.01); 
α-SMA: 30.23±6.25% vs. 3.02±2.18% (p<0.01), 30.23±6.25% vs. 
15.23±3.29% (p<0.01)]. Thalidomide decreased those ratios 
significantly [TIMP-1: 4.96±1.01% vs. 57.82±4.32% (p<0.01); 
α-SMA: 4.08±1.43% vs. 15.23±3.29% (p<0.01)] (Figs. 4B and 5B). 

Western blot analysis of TGF-β1 protein
The expression levels of TGF-β1 protein was significantly high-

er in the model group than in the normal control group or in 
the spontaneous recovery group (0.53±0.05 vs. 0.23±0.03, 
p<0.01; 0.53±0.05 vs. 0.46±0.04, p<0.05). There was significantly 
less expression of TGF-β1 in the thalidomide-treated group 
than in the spontaneous recovery group (0.33±0.03 vs. 0.46± 
0.04, p<0.01) (Fig. 6).

RT-PCR analysis of MMP-13, TIMP-1, and TGF-β1 mRNA
There was no significant difference in the expression of MMP-
13 mRNA between the model group and the normal control 
group. There was significantly less expression of MMP-13 
mRNA in the model group than in the spontaneous recovery 
group (0.18±0.02 vs. 0.23±0.03, p<0.05). There was significantly 
more expression of MMP-13 mRNA in the thalidomide-treated 
group than in the spontaneous recovery group (0.32±0.03 vs. 
0.23±0.03, p<0.01) (Fig. 7).

There was significantly more expression of TIMP-1 and 
TGF-β1 mRNA in the model group than in the normal control 
group or in the spontaneous recovery group [TIMP-1: 0.48±0.06 

Fig. 2. Liver histopathology of the rat. (A) Histopathology of liver tissues in study groups was determined using hematoxylin and eosin staining (×100). N in-
dicates the normal control group; M indicates the model group, in which septa and collagen deposition formed pseudolobule; S indicates the spontane-
ous recovery group, in which the changes are less pronounced; T indicates the thalidomide-treated group, in which architecture is similar to that of the 
normal control group. (B) Comparison of total Scheuer scores of the liver. The number of cases in each group was analyzed statistically: (N) 14, (M) 11, (S) 
12, and (T) 14. Data were analyzed with ANOVA. *p<0.01 versus N, †p<0.01 versus M, ‡p<0.01 T versus S. ANOVA, analysis of variance.
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Table 1. Analysis of Serum Fibrotic Parameters in Rats from Each Group

Groups n HA (ng/mL) LN (ng/mL) PC III (ng/mL) C IV (ng/mL)
N 14 106.07±14.17 23.76±2.03 6.92±1.42 22.55±2.26
M 11 368.89±13.72* 75.27±3.75* 65.47±2.16* 51.53±3.81*
S 12 252.54±8.63*† 59.20±2.64*† 42.34±2.31*† 43.28±3.15*†

T 14 157.46±10.87*†‡  37.26±2.24*†‡  30.73±2.45*†‡  34.83±1.78*†‡  
N, normal control group; M, model group; S, spontaneous recovery group; T, thalidomide-treated group; HA, hyaluronic acid; LN, laminin; PC III, procollagen type 
III; C IV, collagen type IV; n, cases in each group; ANOVA, analysis of variance.
Data are given as mean±standard error of the mean. Data were analyzed with ANOVA. 
*p<0.01 versus N, †p<0.01 versus M, ‡p<0.01 T versus S.
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vs. 0.16±0.03 (p<0.01), 0.48±0.06 vs. 0.40±0.05 (p<0.05); TGF-β1:  
0.53±0.04 vs. 0.21±0.03 (p<0.01), 0.53±0.05 vs. 0.45±0.03 (p<0.05)]. 
The expression levels of TIMP-1 and TGF-β1 mRNA were sig-
nificantly lower in the thalidomide-treated group than in the 
spontaneous recovery group [TIMP-1: 0.18±0.03 vs. 0.40±0.05 
(p<0.01); TGF-β1: 0.20±0.02 vs. 0.45±0.03 (p<0.01)] (Fig. 7).

DISCUSSION

Liver fibrosis is characterized by increased hepatic deposition 
of ECM, which is caused by imbalance between the synthesis 
and degradation of ECM.24 Reversion of liver fibrosis needs to 
eliminate the injurious agent and redress the above imbal-
ance.25,26 Early fibrosis of the liver may be reversed after discon-

Fig. 4. Immunohistochemical staining for TIMP-1 in rat livers. (A) Positive TIMP-1 cells were mainly distributed at the fibro-septa band, area of necrosis 
and inflammatory cell infiltration in hepatic lobules (original magnification N-T, ×400, immunohistochemical staining). (B) Comparison of the expression of 
TIMP-1 using immunohistochemical analysis. The number of cases in each group was analyzed statistically: (N) 14, (M) 11, (S) 12, and (T) 14. Data were 
analyzed with ANOVA. *p<0.01 versus N, †p<0.01 versus M, ‡p<0.01 T versus S. N, normal control group; M, model group; S, spontaneous recovery group; 
T, thalidomide-treated group; TIMP-1, tissue inhibitor of metalloproteinase-1; ANOVA, analysis of variance.
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Fig. 3. Immunohistochemical staining for MMP-13 in rat livers. (A) Positive MMP-13 cells were mainly distributed at the fibro-septa band, area of necrosis 
and inflammatory cell infiltration in hepatic lobules (original magnification N-T, ×400, immunohistochemical staining). (B) Comparison of the expression of 
MMP-13 using immunohistochemical analysis. The number of cases in each group was analyzed statistically: (N) 14, (M) 11, (S) 12, and (T) 14. Data were 
analyzed with ANOVA. *p<0.01 versus N, †p<0.01 versus M, ‡p<0.01 T versus S. N, normal control group; M, model group; S, spontaneous recovery group; 
T, thalidomide-treated group; MMP-13, matrix metalloproteinase-13; ANOVA, analysis of variance.
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tinuation of the injurious agent, but at its end stage liver cir-
rhosis, which may cause liver failure, portal hypertension and 
hepatocarcinoma, cannot be reversed easily. More attention 
should be paid to the reversal of liver cirrhosis than that of liver 
fibrosis. In addition to discontinuation of the injurious agent, 
an encouraging antifibrotic strategy might be targeted towards 
either reducing the rate of ECM synthesis or increasing the rate 
of ECM degradation.

Some trials have confirmed that thalidomide and its ana-
logues may inhibit acute liver injury which is the frequent trig-
ger factor of liver fibrosis.27,28 It has been reported that thalido-

mide may be used to prevent liver cirrhosis in animal trials.20,21 
Muriel, et al.20 reported that thalidomide significantly reduced 
the increase of aminotransferase (ALT), γ-glutamyl transpepti-
dase (γ-GTP), and alkaline phosphatase (ALP) prevented lipid 
peroxidation, prevented decreases in glycogen levels, and im-
proved the histopathology in rat liver cirrhosis induced by 
CCl4. Its mechanism may be related to the anti-inflammatory, 
anti-TNF-α, and anti-fibrotic properties of thalidomide. It has 
also been reported that thalidomide can decrease portal ve-
nous pressure and increase intrahepatic resistance by reduc-
ing levels of hepatic thromboxane A2 (TXA2) and reducing the 

Fig. 5. Immunohistochemical staining for α-SMA in rat livers. (A) Positive α-SMA cells were mainly distributed at the fibro-septa band, area of necrosis 
and inflammatory cell infiltration in hepatic lobules, and they were also distributed at the periantral HSC (original magnification N-T, ×400, immunohisto-
chemical staining). (B) Comparison of the expression of α-SMA using immunohistochemical analysis. The number of cases in each group was analyzed 
statistically: (N) 14, (M) 11, (S) 12, and (T) 14. Data were analyzed with ANOVA. *p<0.01 versus N, †p<0.01 versus M, ‡p<0.01 T versus S. N, normal control 
group; M, model group; S, spontaneous recovery group; T, thalidomide-treated group; α-SMA, α-smooth muscle actin; HSC, hepatic stellate cell; ANOVA, 
analysis of variance.
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Fig. 6. Expression of TGF-β1 protein in rat livers using Western blot analysis. (A) Lane 1 shows the N; lane 2 shows the M; lane 3 shows the S; lane 4 
shows the T. β-actin served as an internal control. (B) Comparison of the expression of TGF-β1 protein using Western blot analysis. The number of cases 
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severity of hepatic microvascular disruption in rats with biliary 
cirrhosis.21 However, few studies have been performed on the 
effects of thalidomide on the matrix degradation of established 
liver cirrhosis.

In the present study, to confirm the effects of thalidomide 
on metabolism of ECM in the regression of hepatic cirrhosis, 
hepatic cirrhosis was induced in rats by intraperitoneal injec-
tion of CCl4. The histopathology of the liver tissue of rats treat-
ed with thalidomide showed significant improvement over 
untreated livers, as indicated by the lower rates of hepatocellu-

lar necrosis, inflammatory infiltration, and fibroplasias and the 
resolution of fibro-septa. The significant difference in the 
Scheuer score demonstrated that the activity of inflammation 
and degree of fibrosis were markedly reduced by thalidomide. 
The significant difference in levels of fibrotic markers such as 
serum HA, LN, PC III, and C IV also indicated that thalidomide 
had an effect. All these results indicated that thalidomide may 
accelerate the regression of rat liver cirrhosis by decreasing the 
rate of deposition of matrix. Although inter-species differences 
in the pharmacokinetics of thalidomide may affect the biologi-
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cal effects that take place in rats and humans, its curative ef-
fects on rat liver cirrhosis are encouraging and may help illu-
minate the mechanisms underlying thalidomide’s effect on 
improving human liver cirrhosis in the future. 

The expression of MMP-13 and TIMP-1 was assessed to study 
possible underlying mechanisms. These proteins may directly 
regulate collagen levels via matrix degradation and turnover in 
liver.29,30 Immunochemical staining and RT-PCR analysis were 
used to assess the expression of MMP-13 and TIMP-1 at pro-
tein and mRNA levels. Far less expression of MMP-13 was ob-
served in normal livers and cirrhotic livers, whereas more ex-
pression was observed in the livers of rats that had undergone 
thalidomide therapy than in untreated model livers, indicating 
that thalidomide can effectively elevate the activity of MMP-13 
in liver cirrhosis. The activities of MMPs are regulated at three 
levels, transcription, zymogen activation, and inhibitory pro-
teins called tissue inhibitors of metalloproteinases (TIMPs).31 
TIMP-1 can inhibit most MMPs by integrating them at a ratio 
1:1 to form a complex. Down-regulation of TIMP-1 activates 
MMPs.32 In the current study, there were few positive expres-
sions of TIMP-1 protein distributed along hepatic sinusoid in 
the normal rat liver as indicated by immunochemical staining, 
while it was mainly distributed at the fibro-septa band, area of 
necrosis, and area of inflammatory cell infiltration in hepatic 
lobules of the cirrhotic liver. They were also distributed at the 
periantral HSC. There was significantly more expression of 
TIMP-1 mRNA and protein in cirrhotic livers than in normal 
livers. There was significantly less expression of TIMP-1 mRNA 
and protein in the livers of rats treated with thalidomide than 
in those of untreated cirrhotic rats. It has been reported that 
TIMP-1 plays a much more important role in the pathogenesis 
of liver fibrosis than MMP-13 does.33 It has been found that the 
inhibition of the expression of TIMP-1 is an effective and novel 
approach to the treatment of liver fibrosis.34,35 The current re-
sults are consistent with previous studies which showed marked 
alterations in the expression of the TIMP-1 and demonstrated 
that the effective step in the thalidomide-induced reversal of 
cirrhosis might involve blockage of the expression of TIMP-1. 
Thalidomide may exert its effects by down-regulating deposi-
tion of ECM via discontinuation of the inhibition of TIMP-1 on 
MMP-13.

Some TIMP-1 is produced in Kupffer cells, HSCs, and myofi-
broblasts in liver, but most are produced by activated HSCs.10 
TGF-β1 is an important mediator of stimulation and activation 
of HSCs.36 It alters the balance of collagen synthesis and degra-
dation by increasing the rate of expression of type I collagen 
genes and inhibiting collagen degradation via the induction of 
TIMP-1.37 In order to further explore the possibility that the ob-
served effects of thalidomide on TIMP-1 may be due to down-
regulation of TGF-β1 in the current study, the expression of 
TGF-β1 and its relationship with TIMP-1 were examined, and 
we found significantly more expression of TGF-β1 mRNA and 
protein levels in cirrhotic livers than in normal livers, and those 

expression levels were markedly reduced by thalidomide. To 
further explore thalidomide’s effect on TGF-β1 signaling path-
way in liver cirrhosis, the expression of α-SMA was examined 
immunochemically, since the concentration of α-SMA can 
represent the number of activated HSCs in liver fibrosis.38 Re-
sults showed that thalidomide significantly decreased the ex-
pression of α-SMA in rat liver cirrhosis. These results indicated 
that the expression of TIMP-1 was strongly regulated by TGF-β1 
in cirrhotic livers when treated with thalidomide, and that the 
changes in the expression of TIMP-1 may be attributable to 
thalidomide-induced changes in TGF-β1.

In conclusion, thalidomide may exert effects on the regula-
tion of TIMP-1 and MMP-13 via inhibition of TGF-β1 signaling 
pathway, thereby decreasing the deposition of ECM and accel-
erating the regression of hepatic cirrhosis. A better under-
standing of the molecular events involved in this modulation 
could facilitate the development of novel targets for anti-fibro-
genic therapy.

REFERENCES

1. Mormone E, George J, Nieto N. Molecular pathogenesis of hepat-
ic fibrosis and current therapeutic approaches. Chem Biol Inter-
act 2011;193:225-31.

2. Iwaisako K, Brenner DA, Kisseleva T. What’s new in liver fibrosis? 
The origin of myofibroblasts in liver fibrosis. J Gastroenterol Hep-
atol 2012;27 Suppl 2:65-8.

3. Rockey DC. Translating an understanding of the pathogenesis of 
hepatic fibrosis to novel therapies. Clin Gastroenterol Hepatol 
2013;11:224-31.

4. Yin C, Evason KJ, Asahina K, Stainier DY. Hepatic stellate cells in 
liver development, regeneration, and cancer. J Clin Invest 2013; 
123:1902-10.

5. Kisseleva T, Brenner DA. Hepatic stellate cells and the reversal of 
fibrosis. J Gastroenterol Hepatol 2006;21 Suppl 3:S84-7.

6. Ramachandran P, Iredale JP. Liver fibrosis: a bidirectional model 
of fibrogenesis and resolution. QJM 2012;105:813-7.

7. Yata Y, Takahara T, Furui K, Zhang LP, Watanabe A. Expression of 
matrix metalloproteinase-13 and tissue inhibitor of metallopro-
teinase-1 in acute liver injury. J Hepatol 1999;30:419-24.

8. Watanabe T, Niioka M, Hozawa S, Kameyama K, Hayashi T, Arai 
M, et al. Gene expression of interstitial collagenase in both pro-
gressive and recovery phase of rat liver fibrosis induced by carbon 
tetrachloride. J Hepatol 2000;33:224-35.

9. Schaefer B, Rivas-Estilla AM, Meraz-Cruz N, Reyes-Romero MA, 
Hernández-Nazara ZH, DomÍnguez-Rosales JA, et al. Reciprocal 
modulation of matrix metalloproteinase-13 and type I collagen 
genes in rat hepatic stellate cells. Am J Pathol 2003;162:1771-80.

10. Hemmann S, Graf J, Roderfeld M, Roeb E. Expression of MMPs 
and TIMPs in liver fibrosis - a systematic review with special em-
phasis on anti-fibrotic strategies. J Hepatol 2007;46:955-75.

11. Klironomos S, Notas G, Sfakianaki O, Kiagiadaki F, Xidakis C, 
Kouroumalis E. Octreotide modulates the effects on fibrosis of 
TNF-α, TGF-β and PDGF in activated rat hepatic stellate cells. 
Regul Pept 2014;188:5-12.

12. Sun X, He Y, Ma TT, Huang C, Zhang L, Li J. Participation of miR-
200a in TGF-β1-mediated hepatic stellate cell activation. Mol Cell 
Biochem 2014;388:11-23.

13. Knittel T, Mehde M, Kobold D, Saile B, Dinter C, Ramadori G. Ex-



1581http://dx.doi.org/10.3349/ymj.2015.56.6.1572

Peng Lv, et al.

pression patterns of matrix metalloproteinases and their inhibi-
tors in parenchymal and non-parenchymal cells of rat liver: regu-
lation by TNF-alpha and TGF-beta1. J Hepatol 1999;30:48-60.

14. Lechuga CG, Hernández-Nazara ZH, Domínguez Rosales JA, 
Morris ER, Rincón AR, Rivas-Estilla AM, et al. TGF-beta1 modu-
lates matrix metalloproteinase-13 expression in hepatic stellate 
cells by complex mechanisms involving p38MAPK, PI3-kinase, 
AKT, and p70S6k. Am J Physiol Gastrointest Liver Physiol 2004; 
287:G974-87.

15. Prakobwong S, Pinlaor S, Yongvanit P, Sithithaworn P, Pairojkul C, 
Hiraku Y. Time profiles of the expression of metalloproteinases, 
tissue inhibitors of metalloproteases, cytokines and collagens in 
hamsters infected with Opisthorchis viverrini with special refer-
ence to peribiliary fibrosis and liver injury. Int J Parasitol 2009; 
39:825-35.

16. Singh MK, Bhattacharya D, Chaudhuri S, Acharya S, Kumar P, San-
tra P, et al. T11TS inhibits glioma angiogenesis by modulation of 
MMPs, TIMPs, with related integrin αv and TGF-β1 expressions. 
Tumour Biol 2014;35:2231-46.

17. De Sanctis JB, Mijares M, Suárez A, Compagnone R, Garmendia J, 
Moreno D, et al. Pharmacological properties of thalidomide and its 
analogues. Recent Pat Inflamm Allergy Drug Discov 2010;4:144-8.

18. Kumar V, Chhibber S. Thalidomide: an old drug with new action. 
J Chemother 2011;23:326-34.

19. Kumar N, Sharma U, Singh C, Singh B. Thalidomide: chemistry, 
therapeutic potential and oxidative stress induced teratogenicity. 
Curr Top Med Chem 2012;12:1436-55.

20. Muriel P, Fernández-Martínez E, Pérez-Alvarez V, Lara-Ochoa F, 
Ponce S, García J, et al. Thalidomide ameliorates carbon tetrachlo-
ride induced cirrhosis in the rat. Eur J Gastroenterol Hepatol 2003; 
15:951-7.

21. Yang YY, Huang YT, Lin HC, Lee FY, Lee KC, Chau GY, et al. Tha-
lidomide decreases intrahepatic resistance in cirrhotic rats. Bio-
chem Biophys Res Commun 2009;380:666-72.

22. Desmet VJ, Gerber M, Hoofnagle JH, Manns M, Scheuer PJ. Clas-
sification of chronic hepatitis: diagnosis, grading and staging. 
Hepatology 1994;19:1513-20.

23. Chao YC, Nylander-French LA. Determination of keratin protein 
in a tape-stripped skin sample from jet fuel exposed skin. Ann Oc-
cup Hyg 2004;48:65-73.

24. Lee UE, Friedman SL. Mechanisms of hepatic fibrogenesis. Best 
Pract Res Clin Gastroenterol 2011;25:195-206.

25. Ahmad A, Ahmad R. Understanding the mechanism of hepatic 
fibrosis and potential therapeutic approaches. Saudi J Gastroen-
terol 2012;18:155-67.

26. Inagaki Y, Higashiyama R, Higashi K. Novel anti-fibrotic modalities 

for liver fibrosis: molecular targeting and regenerative medicine in 
fibrosis therapy. J Gastroenterol Hepatol 2012;27 Suppl 2:85-8.

27. Enomoto N, Takei Y, Hirose M, Ikejima K, Miwa H, Kitamura T, et 
al. Thalidomide prevents alcoholic liver injury in rats through 
suppression of Kupffer cell sensitization and TNF-alpha produc-
tion. Gastroenterology 2002;123:291-300.

28. Hung KC, Hsieh PM, Yang KL, Lin KJ, Chen YS, Hung CH. Effect 
of thalidomide on the expression of vascular endothelial growth 
factor in a rat model of liver regeneration. Oncol Lett 2013;5:852-6.

29. Nunes de Carvalho S, Helal-Neto E, de Andrade DC, Costa Cortez 
EA, Thole AA, Barja-Fidalgo C, et al. Bone marrow mononuclear 
cell transplantation increases metalloproteinase-9 and 13 and de-
creases tissue inhibitors of metalloproteinase-1 and 2 expression 
in the liver of cholestatic rats. Cells Tissues Organs 2013;198:139-48. 

30. Endo H, Niioka M, Sugioka Y, Itoh J, Kameyama K, Okazaki I, et 
al. Matrix metalloproteinase-13 promotes recovery from experi-
mental liver cirrhosis in rats. Pathobiology 2011;78:239-52.

31. Arthur MJ. Fibrogenesis II. Metalloproteinases and their inhibitors 
in liver fibrosis. Am J Physiol Gastrointest Liver Physiol 2000;279: 
G245-9.

32. Cong M, Liu T, Wang P, Fan X, Yang A, Bai Y, et al. Antifibrotic ef-
fects of a recombinant adeno-associated virus carrying small in-
terfering RNA targeting TIMP-1 in rat liver fibrosis. Am J Pathol 
2013;182:1607-16.

33. Cong M, Liu T, Wang P, Xu Y, Tang S, Wang B, et al. Suppression of 
tissue inhibitor of metalloproteinase-1 by recombinant adeno-
associated viruses carrying siRNAs in hepatic stellate cells. Int J 
Mol Med 2009;24:685-92.

34. Peng J, Li X, Feng Q, Chen L, Xu L, Hu Y. Anti-fibrotic effect of 
Cordyceps sinensis polysaccharide: Inhibiting HSC activation, 
TGF-β1/Smad signalling, MMPs and TIMPs. Exp Biol Med (May-
wood) 2013;238:668-77.

35. Cong M, Liu T, Wang P, Fan X, Yang A, Bai Y, et al. Antifibrotic ef-
fects of a recombinant adeno-associated virus carrying small in-
terfering RNA targeting TIMP-1 in rat liver fibrosis. Am J Pathol 
2013;182:1607-16.

36. Baghy K, Iozzo RV, Kovalszky I. Decorin-TGFβ axis in hepatic fi-
brosis and cirrhosis. J Histochem Cytochem 2012;60:262-8.

37. Arriola Benitez PC, Scian R, Comerci DJ, Serantes DR, Vanzulli S, 
Fossati CA, et al. Brucella abortus induces collagen deposition 
and MMP-9 down-modulation in hepatic stellate cells via TGF-β1 
production. Am J Pathol 2013;183:1918-27.

38. Lin N, Chen S, Pan W, Xu L, Hu K, Xu R. NP603, a novel and po-
tent inhibitor of FGFR1 tyrosine kinase, inhibits hepatic stellate 
cell proliferation and ameliorates hepatic fibrosis in rats. Am J 
Physiol Cell Physiol 2011;301:C469-77.


