
Online Submissions: wjg.wjgnet.com                                                                                                              World J Gastroenterol  2007 August 28; 13(32): 4328-4332
www.wjgnet.com                                                                                                                                          World Journal of Gastroenterology  ISSN 1007-9327
wjg@wjgnet.com                                                                                                                                                                                         © 2007 WJG. All rights reserved.

Cystamine ameliorates liver fibrosis induced by carbon
tetrachloride via  inhibition of tissue transglutaminase

Jiang-Feng Qiu, Zhi-Qi Zhang, Wei Chen, Zhi-Yong Wu

www.wjgnet.com

 BASIC RESEARCH

Jiang-Feng Qiu, Zhi-Qi Zhang, Wei Chen, Zhi-Yong Wu, 
Department of General Surgery, Renji Hospital, Shanghai Jiaotong 
University School of Medicine, Shanghai 200127, China
Supported by National Natural Science Foundation of China, 
No. 30571825
Correspondence to: Zhi-Yong Wu, Professor, Department of 
General Surgery, Renji Hospital, Shanghai Jiaotong University 
School of Medicine, Shanghai 200127, 
China. wzy4919@163.com
Telephone: +86-21-50905335  Fax: +86-21-58394262
Received: 2007-03-26               Accepted: 2007-06-18

Abstract
AIM: To investigate the anti-fibrosis effect of the tissue 
transglutaminase (tTG) specific inhibitor cystamine on 
liver fibrosis.

METHODS: Sixty-eight male Sprague Dawley rats were 
divided into three groups: normal control, liver fibrosis 
control and cystamine-treated group. Liver fibrosis 
was induced by intraperitoneal injection of carbon 
tetrachloride (CCl4), and Cystamine was administrated 
by intraperitoneal injection starting 2 d before the first 
administration of CCl4. Animals in each group were 
further divided into 2 subgroups according to two 
time points of 4 wk and 8 wk after treatment. Hepatic 
function, pathological evaluation (semi-quantitative 
scoring system, SSS) and liver hydroxyproline (Hyp) 
content were examined. Real-time PCR was used to 
detect the expression of tTG, smooth muscle alpha actin 
(α-SMA), tissue inhibitor of metalloproteinase 1 (TIMP-1) 
and collagen-1 mRNA. The expressions of tTG and 
α-SMA protein were detected by Western Blotting.

RESULTS: Eight weeks after treatment, the SSS score 
of liver was significantly less in the cystamine group than 
that in the fibrosis control group (P < 0.01). The levels 
of alanine aminotransferase (ALT) and total bile acid (TBA) 
at the 4 wk and 8 wk time points were decreased in the 
cystamine group compared with those in fibrosis controls 
(P < 0.01). Liver hydroxyproline content at the 4 wk and 
8 wk time points showed a substantial reduction in the 
cystamine group compared to fibrosis controls (P < 0.01). 
The expression of tTG, α-SMA, collagen-1, TIMP-1 mRNA 
and tTG, as well as α-SMA protein was downregulated in 
the cystamine group compared to fibrosis controls.

CONCLUSION: Cystamine can ameliorate CCl4 induced 
liver fibrosis and protect hepatic function. The possible 

mechanism is related to the reduced synthesis of the 
extracellular matrix (ECM) caused by the inhibition of 
hepatic stellate cell activation and decreased expression 
of TIMP-1.
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INTRODUCTION
Liver fibrosis is characterized by increased synthesis 
and decreased degradation of  the extracellular matrix 
(ECM)[1]. Decreased ECM degradation results partly 
from irreversible cross-linking of  the ECM and partly 
from increased expression of  t issue inhibitor of  
metalloproteinase (TIMP) by hepatic stellate cells (HSCs). 
In the liver, both parenchymal and non-parenchymal cells 
produce tissue transglutaminase (tTG), and it appears to be 
released into the extracellular space. tTG is a member of  
the large transglutaminase (TG) family, which are involved 
in numerous biochemical processes. tTG not only displays 
cross-linking activity, but also functions as a GTPase, and 
it has been shown to be involved in a variety of  fibrotic 
diseases including scleroderma, experimental renal fibrosis 
and human hepatic fibrosis[2,3]. Indeed, tTG expression 
is upregulated when there is any injuring process. Studies 
have demonstrated that liver cell death secondary to 
ethanol administration occurs by apoptosis, not by liver 
cell necrosis[4,5], and tTG may be a factor in apoptosis 
induced by ethanol. Several reports suggest that tTGase 
activity was increased associated with transforming growth 
factor beta (TGF-β) and ECM production and α-SMA-
positive HSC number also increased after CCl4 intoxication 
in rats[6,7]. These findings have raised the hypothesis that 
tTG may contribute to the development of  liver fibrosis 
and inhibition of  tTG may be effective in treatment of  
liver fibrosis. In this study, we investigated whether tTG 
plays a role in the progression of  rat hepatic fibrogenesis 
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induced by carbon tetrachloride (CCl4) via administration 
of  the tTG specific inhibitor cystamine.

MATERIALS AND METHODS
Animals and grouping
Sixty-eight Sprague Dawley rats weighing 300-350 g (Animal 
Center, Chinese Academy of  Sciences, Shanghai) were 
studied. The animals were housed in an environmentally 
controlled vivarium with timed light control (12 h light-
dark cycle) and allowed free access to a standard pellet diet 
and water. The animals were divided into three groups: 
normal control (N), fibrosis control (F) and cystamine 
treatment (C). Rats in each group were subdivided into 
two groups according to two time points of  4 wk and 8 wk 
as follows: N4 (n = 10), N8 (n = 10); F4 (n = 13), F8 (n = 8), 
C4 (n = 14), C8 (n = 13).

Reagents and instruments
Cystamine (tTG specific inhibitor) was purchased from 
Sigma Co, USA. Mouse monoclonal tTG antibody 
was purchased from Stratek Scient i f ic, UK (No: 
CUB 7402), and labelled streptavidin-biotin (LSAB) 
immunohistochemistry kits and mouse monoclonal 
α-SMA antibody were from Dako Co, USA. The Beckman 
Coulter LX 20 automatic biochemical analytic instrument 
and real time PCR amplifier (ABI Prism 7700 Sequencer 
Detector, Applied Biosystems, Co) were products from the 
USA.

Model establishment and treatment
Normal control rats were injected intraperitoneally with 
peanut oil (0.2 mL/100 g) twice a week. Liver fibrosis 
control rats were induced by intraperitoneal injection 
of  50% CCl4 solution (CCl4:oil = 1:1) at a dose of  
0.2 mL/100 g twice a week for 8 wk. One subgroup 
of  rats that had cystamine treatment for the first 4 wk 
were given cystamine 2 d before the first injection of  
CCl4 at a dose of  112 mg/kg per day as in a previous 
study[8]. The other subgroup of  rats that had cystamine 
treatment for the second 4 wk (8 wk subgroup) were 
administrated cystamine after injection of  CCl4 for 4 wk 
at the same dose. Rats in each group were sacrificed 
3 d after the final administration according to each time 
point. Blood collected from the aorta was centrifuged and 
then the serum was stored at -80℃ for hepatic function 
examination. Liver was removed and fixed in 10% neutral 
formalin for pathological examination and other assays.

Liver function
The levels of  aspartate aminotransferase (ALT), total 
bilirubin (TB), and total bile acid (TBA) were tested with 
Beckman Coulter LX 20 (USA).

Liver hydroxyproline content
The hydroxyproline kit obtained from Nanjing Jiancheng 
Biological Engineering Research Institute was used to 
analyze liver hydroxyproline content (μg/g).

Liver histopathological examination
Tissues from each liver were fixed in 10% formalin and 
embedded in paraffin, and then cut into 5 μm pieces 

and mounted on slides. The samples were stained with 
hematoxylin and eosin (HE) for histopathological 
examination and a semi-quantitative scoring system (SSS)[9] 
was adopted for evaluation of  the degree of  liver fibrosis.

Real-time PCR
Taqman real-time polymerase chain reaction (PCR) was 
used to determine the relative expression of  messenger 
RNAs (mRNAs) for tTG, α-SMA, TIMP-1 and collagen-1 
in total RNA extracted from snap-frozen liver by the acid-
phenol method. All primers were designed by using the 
Primer Expression 2.0 software (PE Applied Biosystems). 
Primers synthesized by Shanghai Shenggong Corp. were 
as follows: (1) tTG, sense: 5'-gtatgatgcgtccttcgtgt-3', 
antisense: 5'-cagtttgttcaggtggttgg-3'; (2) α-SMA: sense:5'-
TGGGAAATGCCACAGGTT-3', antisense: 5'-CTGC
GGTTCTGGGACTTG-3'; (3) TIMP-1: sense: 5'-atattc
tgtctggatcggc-3', antisense: 5'-gcttcgtcatactcctgttt-3'; (4) 
collagen-1: sense: 5'-tctccaagaggcagggttc-3', antisense: 
5'-ggttagcttcggctca tgc-3'; HPRT, sense: 5'-AAAGCCAA
GTACAAAGCCTAAA-3', antisense: 5'-CTGTCTGTC
TCACAAGGGAAGT-3'. The conditions of  the reaction 
were as follows: initial steps were 95℃ for 10 s, followed 
by a denaturing step for 5 s at 95℃, and an annealing/
extension step at 60℃ for 30 s performed in 40 cycles. The 
PCR products were analyzed directly by electrophoresis on 
2.0% agarose gels. Relative concentrations were calculated 
and normalized according to the expression of  the 
housekeeping gene HPRT.

Western blots
Total protein was determined with a protein assay 
(BioRad Inc, California, USA) and electrophoresed on a 
4%-12% polyacrylamide gradient gel with 10% sodium 
dodecyl sulfate (SDS), and subsequently transferred to a 
nitrocellulose membrane. The membrane was blocked for 
1 h in 1% to 5% nonfat dry milk in Tween Trisbuffered 
saline (TTBS). Western blot analysis of  liver tissue was 
performed by using a monoclonal anti-α-SMA and anti- 
tTG. Each antibody was used at a concentration of  1:1000. 
Membranes were incubated overnight with the primary 
antibody or with nonimmune immunoglobulin G (as a 
negative control) in TTBS, after which the secondary 
horseradish-peroxidase-conjugated antibodies were 
applied in TTBS containing 0.1% nonfat dry milk for 
1 h. Reactive bands were identified by using enhanced 
chemiluminescence (ECL; Amersham, Bucks, UK) 
and autoradiography according to the manufacturer's 
instructions.

Statistical analysis
All data are presented as mean ± SD. Stat i s t ica l 
comparison among groups was made by one-way analysis 
of  variance (ANOVA) using SPSS12.0 statistical software 
(Lead Technologies, Inc, USA). A P value less than 0.05 
was considered statistically significant.

RESULTS
Histopathological findings
Eight weeks after treatment, the liver appeared normal  
in control rats. The score of  SSS evaluation for hepatic 
fibrosis in cystamine treatment group (4.20 ± 0.81) was 
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Figure 1  Histologic appearance of representative livers for cystamine treatment 
and fibrosis control rats. A, B: Cystamine treatment ameliorated liver damage 
(A × 100, B × 200); C, D: Fibrosis control livers from CCl4-treated rats showed 
substantial damage including inflammation, fine fibrils and degeneration of 
hepatocytes (C × 100, D × 200).

significantly less than that in fibrosis control rats (6.46 ± 
0.68) (P < 0.01, Figure 1).

Effects of cystamine on hepatic function
In 4 wk and 8 wk time point, the levels of  ALT, TBA and 

TB in fibrosis control rats were much greater than those 
in normal control rats (P < 0.01); The levels of  ALT and 
TBA of  cystamine-treated rats were significantly less than 
those in fibrosis controls (P < 0.01); however, there was no 
significant difference in the levels of  TB in the two time 
point compared with fibrosis controls (Figure 2).

Hyp content after treatment of cystamine
The levels of  hydroxyproline (Hyp) in fibrosis controls at 
4 wk (77.71 ± 12.47 μg/g) and 8 wk (130.58 ± 25.80 μg/g) 
were higher than those in normal controls (4 wk, 53.88 
± 10.56 μg/g; 8 wk, 54.67 ± 11.77 μg/g, P < 0.01). The 
levels of  Hyp in cystamine-treated rats at 4 wk (60.64 ± 8.94 
μg/g) and 8 wk (69.87 ± 13.48 μg/g) were significantly 
less than those in fibrosis controls (P < 0.01).

Effect of cystamine on the expression of tTG, α-SMA,
collagen-1 and TIMP-1
The expression of  tTG, α-SMA, collagen-1 and TIMP-1 
mRNA was upregulated in fibrosis control rats at each 
time point compared to normal control rats; however, 
after administration of  cystamine, the expression of  tTG, 
α-SMA, collagen-1 and TIMP-1 mRNA was significantly 
downregulated (P < 0.01, Figure 3).

Effect of cystamine on the expression of tTG and α-SMA
protein
The expression of  tTG protein in the liver was decreased 
after treatment of  cystamine. The relative expression 
difference in each group is shown in Figure 4 after image 
analysis. The expression of  α-SMA protein was also 
decreased after administration of  cystamine (Figure 5).

DISCUSSION
Transglutaminases (TGs) are a large family of  enzymes 
that catalyze a calcium-dependent acryl transfer reaction 
between the γ-carboxamide group of  a polypeptide 
bound lysine residue to form an ε-(γ-glutamyl) lysine 
isopeptide bond or to form a (γ-glutamyl) polyamine 
bond through catalyzing the incorporation of  a polyamine 
into a polypeptide-bound glutamine. Known as “natural 
biological glues”[10], TGs can result in covalent and 
irreversible cross-links between or within proteins and 
are thus involved in a variety of  biochemical processes. 
Tissue transglutaminase (tTG), one member of  the TGs, 
is widely expressed in endothelial, mesangial, and smooth 
muscle cells and fibrotic tissue, and localized in the cytosol, 
plasma membrane, and the nucleus of  cells, as well as the 
extracellular space. tTG is a multifunctional enzyme that 
has been implicated in several physiological processes and 
pathological conditions such as maintaining membrane 
integrity, cell adhesion, cell death or differentiation, signal 
transduction and tissue remodeling[11]. Recent studies 
suggest that tTG may contribute to hepatic injury and 
fibrosis[12,13].

Schnabe l and co l l eagues found a s i gn i f i can t 
upregulation of  total tTG at the mRNA and protein level 
in activated HSCs and ECM during transdifferentiation 
of  quiescent HSCs to collagen producing myofibroblasts 

Figure 2  Hepatic function changes of each group. A: the level of ALT after 
Cystamine treatment; B: the level of TB after Cystamine treatment; C: the level of 
TBA after Cystamine treatment. bP < 0.01 vs Control; dP < 0.01 vs Fibrosis.

Th
e 

le
ve

l o
f 

AL
T

Control
Fibrosis
Cystamine

4 wk 8 wk

1600

1200

800

400

0

b

b

d
d

A

B

8 wk

Th
e 

le
ve

l o
f 

TB

d

15

12

9

6

3

0
4 wk

b d

b Control
Fibrosis
Cystamine

Th
e 

le
ve

l o
f T

BA

125

100

75

50

25

0
4 wk 8 wk

b

b

d

d

C Control
Fibrosis
Cystamine

4330       ISSN 1007-9327      CN 14-1219/R      World J Gastroenterol      August 28, 2007     Volume 13       Number 32

www.wjgnet.com



Figure 4  Different level of tTG protein in each group. tTG relative expression after 
Cystamine treatment. bP < 0.01 vs Control; dP < 0.01 vs Fibrosis.

Figure 5  Different level of α-SMA protein in each group. a-SMA relative 
expression after Cystamine treatment. bP < 0.01 vs Control; dP < 0.01 vs Fibrosis.

(MFB)[14]. This finding indicates that tTG plays an 
important role in the process of  HSC activation, and 
hence, in the mechanism of  liver fibrogenesis since the 
activated HSCs are not only the major source of  ECM, 
but also can continuously upregulate the expression of  
TIMP-1, which blocks matrix metalloproteinase (MMP) 
activity and promotes survival of  activated HSCs from 
apoptosis[15,16]. In addition, tTG mediated covalent binding 
of  latent TGF-binding protein 1 (LTBP-1) to the ECM is a 
prerequisite for the activation of  TGF-β, which is stored in 
its inactive form in the ECM[6,17]. The transdifferentiation 
of  HSCs to ECM-producing MFB is a crucial event in 
hepatic fibrogenesis, which is stimulated by TGF-β[7].

It is well established that tTG exerts important effects 
on the progression of  liver fibrogenesis through its ECM 
cross-linking activity. Issa and colleagues[18] confirmed 
that livers harvested from rats treated for 6 wk with CCl4 
(representing reversible fibrosis) showed the histologic 
appearance of  early macronodular cirrhosis uniformly 
negative for cross-linking. Over a 15 to 28 d recovery 

period, the livers showed a dramatic remodeling of  the 
fibrotic matrix with a return to near-normal histology. 
However, livers from rats treated with CCl4 for 12 wk 
showed a persistent fibrosis with clear evidence of  cross-
linking even during 366 d of  recovery. The data above 
suggest that tTG mediated matrix cross-linking may be a 
major factor determining the speed and extent of  matrix 
degradation in hepatic fibrosis.

However, there is still controversy about the role of  
tTG in chronic liver injury and fibrosis. Nardacci and 
colleagues[19] suggest that tTG is a protective factor against 
liver fibrosis, they observed that there are greater mortality 
and more severe hepatic fibrosis after injection of  CCl4 in 
tTG knock-out mice than in wild-type mice. Thus, more 
studies are needed to elucidate the importance of  tTG 
during hepatic fibrosis.

In the present study, we have established a liver injury 
and fibrosis rat model induced by intraperitoneal injection 

Figure 3  Difference of mRNA expression in each group. A: relative expression of 
tTG after Cystamine treatment; B: relative expression of a-SMA after Cystamine 
treatment; C: relative expression of Collagen-1 after Cystamine treatment; 
D: relative expression of TIMP-1 after Cystamine treatment. bP < 0.01 vs Control; 
dP < 0.01 vs Fibrosis.
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of  CCl4. Two cohorts of  rats according to two different 
stages were administrated the tTG specific inhibitor 
cystamine for the purpose of  observing the role of  tTG 
in the development of  liver fibrogenesis. The first stage 
was when rats were injected with CCl4 for a total of  4 wk, 
and cystamine treatment was started one day before the 
first injection of  CCl4. This was carried out in order to 
investigate the effects of  cystamine on the activation of  
HSCs and hepatic function during the early period of  
liver injury. The second stage was when rats were given 
cystamine intraperitoneously after 4 wk of  CCl4 treatment 
for 4 wk to observe the effects of  cystamine on activated 
HSCs and the progression of  hepatic fibrosis. Our results 
showed that cystamine significantly downregulated the 
expression of  tTG mRNA and protein, inhibited the 
activation of  HSCs associated with a diminution of  
α-SMA, collagen-1 and TIMP-1 mRNA expression, 
as well as α-SMA protein, and there was a decrease in 
hydroxyproline content and dramatic improvement of  liver 
pathologic evaluation. Furthermore, after administration 
of  cystamine, the hepatic function of  cystamine-treated 
rats was robustly improved. The results of  this study 
strongly suggest that cystamine was beneficial in treatment 
of  liver injury and fibrosis. The possible mechanism might 
be related to the inhibition of  HSC activation, decreased 
expression of  TIMP-1, reduced synthesis of  ECM, and 
protection of  hepatic cells against injury.

In this study, we analyzed the changes in histology, the 
expression of  tTG mRNA and protein, the activation of  
HSCs and the hydroxyproline content, as well as hepatic 
function after administration of  cystamine in CCl4 induced 
fibrosis. In the current study, we did not undertake 
experiments for detection of  in situ HSC apoptosis and 
ECM cross-linking, and therefore, to some extent this 
affects the interpretation of  our observations. However, 
based on our results we confirmed that cystamine might 
ameliorate CCl4 induced liver fibrosis via inhibition of  tTG. 
We are currently carrying out experiments to investigate 
the molecular mechanism of  HSC apoptosis and ECM 
cross-l inking in advanced fibrosis (12 wk of  CCl4 
treatment) through tTG RNA interfere to further study 
the role of  tTG in the progression of  hepatic fibrosis.

In summary, tTG plays an important role in the 
development of  hepatic fibrosis. Cystamine, a specific 
inhibitor of  tTG, can attenuate CCl4-induced liver fibrosis 
and protect hepatic function via inhibiting activation of  
HSCs and downregulating expression of  TIMP-1 which 
result in the reduction of  the synthesis of  ECM. Better 
understanding of  the role of  tTG in pathogenesis of  
liver fibrosis could facilitate the development of  new 
therapeutic strategies.
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