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ABSTRACT. We investigated the expression of transforming growth 
factor-β1 (TGF-β1) and connective tissue growth factor (CTGF) in the liver 
tissue of infants with congenital biliary atresia and neonatal hepatitis, as 
well as the relationship between the expression of the two factors and liver 
fibrosis. Thirty-six infants who met the cholestasis criteria were classified 
into congenital biliary atresia and neonatal hepatitis groups. All specimens 
were stained with hematoxylin and eosin and Masson’s trichrome, and 
the degree of liver fibrosis was assessed. The scope and level of CTGF 
and TGF-β1 expression in the different specimens was evaluated by 
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immunohistochemistry and observation. Liver fibrosis in the congenital 
biliary atresia group was more advanced than that in the neonatal 
hepatitis group, and the difference was significant (P < 0.01). In the 
neonatal hepatitis patients, CTGF and TGF-β1 were mainly expressed 
in the hepatocytes, while they were expressed in both hepatocytes and 
biliary epithelial cells in the congenital biliary atresia patients, and in these 
patients the expression was significantly stronger than in the neonatal 
hepatitis patients (P < 0.01). With the aggravation of hepatic fibrosis, 
CTGF and TGF-β1 expression levels in liver tissue gradually increased, 
and their expression levels were significantly correlated (P < 0.01). Liver 
fibrosis is present in both congenital biliary atresia and neonatal hepatitis 
patients. The gradual increase of CTGF and TGF-β1 expression levels in 
liver tissue is associated with liver fibrosis. Early expression of CTGF and 
TGF-β1 in biliary epithelial cells may be involved in the pathogenesis of 
congenital biliary atresia.
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INTRODUCTION

Congenital biliary atresia and neonatal hepatitis are major causes of infant cholestatic 
jaundice. The early clinical manifestations of these two conditions are similar but the prognoses 
associated with them are very different. Congenital biliary atresia patients can undergo Kasai 
surgery to temporarily improve cholestasis. However, most patients ultimately experience cirrhosis 
and portal hypertension, which require liver transplantation (Kasai, 1974; Nio et al., 2003; Lee et al., 
2004; Lykavieris et al., 2005). Neonatal hepatitis can be improved by symptomatic treatment, with 
a good prognosis. Some experts believe that the main cause of adverse prognosis in congenital 
biliary atresia patients is progressive liver fibrosis. Blocking or even reversing liver fibrosis may 
improve the prognosis. The role of liver fibrosis in neonatal hepatitis patients is still unclear. Hepatic 
fibrosis is an extremely complex physiological and pathological process, and the role of cytokines in 
the disorder elicits a great deal of interest. Transforming growth factor-β1 (TGF-β1) and connective 
tissue growth factor (CTGF) play key roles in liver fibrosis (Grotendorst et al., 2000; Kurikawa et al., 
2003) and have therefore attracted widespread attention.

MATERIAL AND METHODS

Subjects

Thirty-six patients (21 males and 15 females) from the Department of Gastroenterology 
visited our hospital between September 2004 and August 2007. The youngest was 33 days old, 
and the oldest was 90 days old, the average age being 57.89 ± 15.11 days. Each baby met the 
cholestasis diagnostic criteria: light stool color and increased direct bilirubin accounting for more 
than 30% of total bilirubin. All patients had pathological liver signs (including liver enlargement and 
texture change) and increasing levels of alanine aminotransferase.
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Samples

All 36 patients were hospitalized and their symptoms had not improved 1-2 weeks 
after treatment. Liver biopsy was not contraindicated in any patient. Diagnosis was by B-mode 
ultrasound-guided liver tissue biopsy. Two pieces of liver tissue (1 or 2 cm long with more than 6 
lobes, as observed under a microscope) were collected. In each case, the biopsy sample was fixed 
for 24 h in a neutral formalin solution and preserved with paraffin, followed by 1-line hematoxylin 
and eosin (HE) staining and Masson’s trichrome staining for pathological characterization. The 
other sample was used for the detection of TGF-β1 and CTGF. In two patients, normal liver tissue 
next to the hepatoblastoma was taken and used as a control. Both patients were males; one was 2 
and the other was 4 years old. All samples were obtained with the families’ consent.

Sample classification and grouping

Two experienced pathologists blinded to all specimens classified hepatic fibrosis 
using conventional HE and Masson’s trichrome staining (referring to the 2000 Xi’an standard). 
The patients were classified into two groups (the neonatal hepatitis and the congenital biliary 
atresia group) according to the results of clinical pathology and prognosis. The inclusion criteria 
for the neonatal hepatitis group were: biopsy results that indicated neonatal hepatitis; jaundice 
that disappeared after comprehensive medical treatment for 2-4 weeks; and liver function that 
improved. The inclusion criteria for the congenital biliary atresia group were: biopsy results that 
suggested congenital biliary atresia; jaundice that did not subside after comprehensive medical 
treatment for 2-4 weeks; and liver function that did not improve. Eleven patients with congenital 
biliary atresia were confirmed after Kasai surgery or biliary angiography, and nine patients died 
during the 1- or 2-year follow-up.

Immunohistochemical investigation

Immunohistochemical staining was conducted by following the immunohistochemistry kit 
instructions, and light microscopy was used to evaluate the results. Anti-CTGF and anti-TGF-β1 
antibodies (mouse monoclonal antibodies) were both purchased from the R&D Systems (Minneapolis, 
MN, USA), and immunohistochemistry kits were purchased from Dako (Glostrup, Denmark).

Analysis

TGF-β1 and CTGF expression was compared with the blank negative control. The 
appearance of yellow or brown particles in the cytoplasm was taken as positive expression. Two 
blinded experienced pathologists randomly selected five horizons, calculated the average, and 
classified each sample into one of four levels according to range and intensity of staining as follows: 
negative (-), no staining; weakly positive (+), occasional positive staining of tissue, light yellow, up 
to 25%; positive (++), stained dark yellow, 26-50%; positive (+++), stained brown, more than 50%.

Statistical analysis

All data are reported as means ± SD (SPSS 11.5 statistical software package). The Fisher 
exact test, the χ2 test, and the t-test were used to compare groups. Level data were compared with 
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the Mann-Whitney rank sum test, and correlation analysis was conducted by Spearman’s rank 
correlation. P < 0.05 was considered statistically significant.

RESULTS

General

The 36 patients were classified into two groups based on the biopsy results and clinical 
prognoses. The neonatal hepatitis group comprised a total of 16 patients (9 males and 7 females). 
The congenital biliary atresia group comprised a total of 20 patients (12 males and 8 females). 
There was no significant difference in the gender ratio and no statistically significant differences 
in the average age, time of onset of jaundice, liver biopsy age, or direct or indirect bilirubin values 
between the two groups.

Degree of hepatic fibrosis

Fibrosis was graded by HE and Masson’s trichrome staining. In the congenital biliary 
atresia group, there were 0, 5, 8, 7, and 0 patients with hepatic fibrosis in stages S0, S1, S2, S3, 
and S4, respectively, while the corresponding numbers in the neonatal hepatitis group were 6, 8, 
2, 0, and 0 patients, respectively. Hepatic fibrosis was more serious in the congenital biliary atresia 
group than in the neonatal hepatitis group, and the difference was significant (P < 0.01). There was 
no fibrosis in the two control patients.

CTGF and TGF-β1 expression in neonatal hepatitis and congenital biliary atresia 
patients

In 3 of the 16 patients in the neonatal hepatitis group, CTGF was expressed in liver cells; 
in 2 cases, it was expressed in both liver cells and biliary epithelial cells. In 11 cases, TGF-β1 
was expressed in liver cells but not in biliary epithelial cells. In the congenital biliary atresia 
patients, CTGF and TGF-β1 expression was observed in both liver cells and in biliary epithelial 
cells (Figures 1 and 2), and the differences were significant (P < 0.01). In the congenital biliary 
atresia patients, expression of CTGF and TGF-β1 in liver tissue was significantly higher than in the 
neonatal hepatitis patients (Table 1), and the differences were statistically significant (P < 0.01). No 
CTGF or TGF-β1 expression was observed in the two control cases.

Figure 1. Transforming growth factor-b1 expression in congenital biliary atresia patients. Positive particles were visible 
in both bile duct epithelial cells and hepatocytes. A (+), B (++), C (+++) immunohistochemical method (200X).



5The expression of factor-?1 and connective tissue growth factor

©FUNPEC-RP www.funpecrp.com.brGenetics and Molecular Research 15 (1): gmr.15017217

Figure 2. Connective tissue growth factor expression in congenital biliary atresia patients. Positive particles were 
visible in both bile duct epithelial cells and hepatocytes. D (+), E (++), F (+++) immunohistochemical method (200X).

Table 1. Transforming growth factor-b1 (TGF-b1) and connective tissue growth factor (CTGF) expression levels 
in neonatal hepatitis and congenital biliary atresia patients.

Expression levels TGF-β1 CTGF 

Neonatal hepatitis Congenital biliary atresia Neonatal hepatitis Congenital biliary atresia 
- 5 0 11 0 
+ 10 8 5 7 
++ 1 9 0 9 
+++ 0 3 0 4 
Z-value -0.371 -4.734 
P value < 0.01 <0.01 

 

CTGF and TGF-β1 expression levels in the hepatocytes and biliary epithelial cells 
of the congenital biliary atresia patients

CTGF and TGF-β1 were expressed in both the hepatocytes and biliary epithelial cells 
of the congenital biliary atresia patients (Table 2), and the differences in expression levels in the 
biliary epithelial cells and liver cells were significantly different (P < 0.01).

Table 2. Transforming growth factor-b1 (TGF-b1) and connective tissue growth factor (CTGF) expression levels 
in liver cells and biliary epithelial cells of congenital biliary atresia patients.

Expression levels TGF-β1 CTGF 

Liver cells Biliary epithelial cells Liver cells Biliary epithelial cells 
- 0 0 0 0 
+ 12 2 10 2 
++ 6 15 9 14 
+++ 2 3 1 4 
Z-value -3.291 -3.497 
P value <0.01 <0.01 

 
Relationship between liver fibrosis and CTGF and TGF-β1

The Spearman’s rank correlation analysis showed that, with aggravation of hepatic 
fibrosis, the CTGF and TGF-β1 expression levels in the liver tissue gradually increased (Tables 3 
and 4), and the expression levels were significantly correlated (P < 0.01).
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Table 3. Liver fibrosis classification and connective tissue growth factor expression levels.

Fibrosis classification Number of cases Connective tissue growth factor expression levels 

(-) (+) (++) (+++) 

S0 6 4 2 0 0 

S1 13 6 6 1 0 

S2 10 1 4 4 1 

S3 7 0 0 4 3 

Total 36 11 12 9 4 

 R = 0.741; P < 0.01.

R = 0.584; P < 0.01.

Table 4. Liver fibrosis classification and transforming growth factor-β1 expression levels.

Fibrosis classification Number of cases Transforming growth factor-β1 expression levels 
(-) (+) (++) (+++) 

S0 6 2 4 0 0 
S1 13 2 8 3 0 
S2 10 1 5 4 0 
S3 7 0 1 3 3 
Total 36 5 19 10 3 

 

DISCUSSION

The TGF-β family of proteins comprises disulfide bond-linked basic polypeptides with a 
broad range of biological activities. There are five known TGF-β forms: TGF-β1, TGF-β2, TGF-β3, 
TGF-β4, and TGF-β5. TGF-β1 has the highest activity in the liver and consists of two identical 
subunits that contain 112 amino acids. These two subunits form a dimer through a disulfide bond. 
TGF-β1 has a wide potential impact on cell growth, differentiation, aggregation, and immune 
responses of the extracellular matrix. It is one of the most important liver fibrosis-inducing cytokines 
(Gressner et al., 2002; Miyazaki et al., 2005).

CTGF belongs to the CTGF/CYR61/NOV (CCN) family and can be produced by a variety 
of different cells. It is regulated by TGF-β, lipid peroxides, acetaldehyde, platelet-derived growth 
factor, tumor necrosis factor-α, and other extracellular signals. Through autocrine and paracrine 
mechanisms, it regulates many cell functions, including growth, proliferation, apoptosis, adhesion, 
migration, differentiation, and extracellular matrix synthesis (Perbal, 2001). CTGF plays an 
important role in angiogenesis, cartilage formation, embryonic development, wound healing, tumor 
formation, organ fibrosis, and a variety of other biological processes (Rachfal and Brigstock, 2003).

Studies have shown that TGF-β1 and CTGF play important roles in liver fibrosis. Using 
an RNase protection assay, Rachfal and Brigstock (2003) showed that, compared with the control 
group, in liver tissues from patients with primary biliary sclerosis, primary sclerosing cholangitis, 
or biliary atresia, CTGF mRNA increased by 3-5 times, and TGF-β1 increased accordingly. Abou-
Shady et al. (2000) used a northern blot to analyze the liver tissue of adults with chronic viral 
hepatitis, primary biliary sclerosis, primary sclerosing cholangitis, cryptogenic chronic liver disease, 
and alcoholic liver disease, and found that CTGF and TGF-β1 expression levels were 6-8 times 
higher than in the normal population. In patients with chronic viral hepatitis, liver tissue CTGF 
protein expression level was associated with the fibrosis level.
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Congenital biliary atresia and neonatal hepatitis are the main causes of infant cholestasis. 
Early diagnosis and treatment have a great impact on prognosis. One of the most significant adverse 
prognostic factors is liver fibrosis. In a study of congenital biliary atresia patients, both TGF-β1 and 
CTGF were found to increase. Ramm et al. (1998) found that TGF-β1 mRNA expressed in biliary 
epithelial cells activated hepatic stellate cells (HSCs) and para-fibrosis cells in 18 congenital biliary 
atresia patients. Using an enzyme-linked immunosorbent assay, Tamatani et al. (1998) found that 
the level of serum CTGF in congenital biliary atresia patients was higher than in the control group, 
and was associated with the progression of liver fibrosis, suggesting that CTGF plays an important 
role in the development of the disease. Narkewicz et al. (2005) found that in congenital biliary 
atresia patients, CTGF expression levels in biliary epithelial cells and liver vascular endothelial 
cells were high, while in children with other liver diseases, CTGF expression was limited to HSCs 
and endothelial cells; in healthy children, no significant expression of CTGF was observed.

We found that CTGF and TGF-β1 were expressed in hepatocytes and the cytoplasm of 
biliary epithelial cells in the positive expression samples of the two groups, but the expression 
levels were different. In the neonatal hepatitis group, the expression of CTGF and TGF-β1 mainly 
occurred in the hepatocytes, and there was lower expression of these proteins in the biliary 
epithelial cells. In the congenital biliary atresia group, CTGF and TGF-β1 were expressed in both 
hepatocytes and biliary epithelial cells, and the expression in biliary epithelial cells was stronger 
than in hepatocytes, which agreed with the results reported by Ramm et al. (1998) and Narkewicz 
et al. (2005). This suggests that, when biliary atresia occurs, biliary epithelial cell injury can act as 
a direct signal to start liver fibrosis. In the children with neonatal hepatitis, the expression in liver 
cells was high, which might have been because most of the children were still in the early stages 
of disease, and the liver fibrosis was less serious. However, this also indicated that the presence 
of liver cell inflammation can, to a certain extent, promote CTGF and TGF-β1 expression, and may 
lead to the progression of liver fibrosis.

We also found that liver fibrosis occurred in both the neonatal hepatitis and congenital 
biliary atresia groups, and liver fibrosis was most serious in the congenital biliary atresia group. 
CTGF and TGF-β1 expression levels in these two groups were different. Only 5 of the 16 patients 
with neonatal hepatitis had a CTGF expression level of (+), and expression was negative in the 
other patients. In this group, there were 5 patients with a TGF-β1 expression level of (-), 10 patients 
with an expression level of (+), and 1 patient with an expression level of (++). In the 20 patients 
with congenital biliary atresia, CTGF and TGF-β1 expression levels were all (+) to (+++), further 
suggesting that liver fibrosis and CTGF/TGF-β1 are closely related. Our results were similar to 
those reported by Kobayashi et al. (2005), who found that, after surgery, children with biliary atresia 
still had progressive liver fibrosis and portal hypertension, and CTGF levels were associated with 
the progression of liver fibrosis and poor prognosis.

In addition, with the aggravation of hepatic fibrosis, CTGF and TGF-β1 expression levels 
in the liver tissue gradually increased. At the S0 stage, there were few (-) to (+) results, and the 
expression levels were very low. With the increase in liver fibrosis, expression increased, and at 
the S3 stage, expression reached (++) to (+++), indicating that, with the increase of liver fibrosis, 
CTGF and TGF-β1 expression levels also increased. Ding and Li (2006) also found that CTGF 
and TGF-β1 expression increased with aggravation of hepatic fibrosis, but there was no significant 
correlation with inflammatory activity. The results were similar to those reported by Song et al. 
(2004) in rats with hepatic fibrosis. Considering that some postoperative biliary atresia patients 
and severe neonatal hepatitis patients experienced progressive liver fibrosis and, eventually, 
biliary cirrhosis, we believe that liver fibrosis is an important prognostic factor. CTGF and TGF-β1 
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expression showed good correlation. Because TGF-β1 is the most important factor in inducing 
collagen deposition and fibrosis, blocking the activation of latent TGF-β1, inhibiting the interaction 
between ligand and receptor, and inhibiting downstream signal conduction are effective ways of 
treating fibrosis. However, because TGF-β1 has antiproliferative and anti-inflammatory effects, long-
term direct intervention of TGF-β1 and its downstream molecules can have serious side effects. For 
example, the removal of the TGF-β1 gene in mice led to death soon after birth owing to systemic 
inflammation caused by the loss of inhibition of the inflammatory process (Letterio and Böttinger, 
1998). CTGF affects connective tissue cells and can maintain fibroblast phenotype. In the normal 
state, CTGF expression is very low. It is mainly expressed in stromal cells, and its role is also limited 
to the connective tissue. Thus, it is a more specific target, and blocking it may reverse fibrosis and 
herald a new era in the treatment of fibrotic diseases. George and Tsutsumi (2007) used CTGF 
siRNA in N-nitrosodimethylamine-induced mice liver fibrosis models, and discovered that CTGF and 
TGF-β1 expression levels were significantly reduced, and connective tissue protein deposition in the 
liver was also reduced, suggesting that CTGF siRNA is a potential treatment for liver fibrosis.

In summary, we observed that liver fibrosis is present in both congenital biliary atresia and 
neonatal hepatitis patients, but liver fibrosis is more severe in congenital biliary atresia patients than 
in neonatal hepatitis patients. With the aggravation of hepatic fibrosis, CTGF and TGF-β1 expression 
levels in liver tissue gradually increased, suggesting that CTGF and TGF-β1 expression levels and 
liver fibrosis are closely related. In addition, CTGF and TGF-β1 expression levels and tissue sources 
were different in congenital biliary atresia and neonatal hepatitis patients. In the former patients, 
expression was found in all sample biliary epithelial cells and hepatocytes, and the expression level 
was higher in biliary epithelial cells than in hepatocytes. In the latter patients, expression was limited 
to hepatocytes, and there was only slight expression in biliary epithelial cells. Considering the severity 
of liver fibrosis in congenital biliary atresia patients, early CTGF and TGF-β1 expression in biliary 
epithelial cells may be involved in the pathogenesis of congenital biliary atresia.
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