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ABSTRACT. Chronic liver disease and cirrhosis are two of the most important health problems according to
current gastroenterology literature. Based on the recent developments in the field of immunology, advanced
follow-up and treatment modalities have been introduced for these disorders. Immune defence against viral
infections depends on effective cellular immune responses derived mainly from Th1-related cytokines. Th2 type
immune responses can inhibit efficient immune function by secretion of several cytokines such as IL-10, TGF-b1.
In this particular study, we determined the serum levels of TGF-b1, which plays a role in immune suppression and
induction of tissue fibrosis. We evaluated the role of TGF-b1 in the pathogenesis of chronic liver disease and
cirrhosis. Fourteen chronic hepatitis B (CHB), 12 chronic hepatitis C (CHC) patients and 21 cirrhotic patients
were enrolled in the study. The control group consisted of ten healthy people. Serum TGF-b1 levels were higher
in both cirrhosis and CHC group when compared to those in CHB and control groups (P < 0.05). Although serum
TGF-b1 levels in the cirrhosis group were higher than that in the CHC group, the difference was not statistically
significant. In conclusion, elevated TGF-b1 levels in patients with CHC and cirrhosis may have a role in the
pathogenesis and chronicity of these diseases.
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INTRODUCTION

Viral hepatitis is an infectious disease characterized by
cellular necrosis and inflammation of the liver. Immune
mechanisms play a role in its etiology and pathogenesis
[1-5]. When an acute hepatitis progresses to the chronic
form, it results in chronic hepatitis, cirrhosis and/or hepa-
tocellular carcinoma [6, 7]. Recently, information about
the etiology of acute and chronic hepatic diseases has
broadened enormously due to the advancement of immu-
nological techniques and knowledge. New methods of
immunomodulatory treatment and immunological screen-
ing have been introduced based on the information gained
during the different stages of viral (Hepatitis B, Hepatitis
C) liver diseases [8, 9]. The most serious complication of
acute viral hepatitis is progression to chronicity. Chronic
hepatitis is defined as persistence of clinical symptoms,
abnormal serum transaminases and inflammatory reaction
in liver biopsy specimens for more than six months [1, 10].

Recently, several studies on the role of cytokines in the
etiology and pathogenesis of acute as well as chronic liver
diseases have been published [3-5, 8, 9]. An effective
cellular immune response can eliminate the viral load
completely during the progress of viral hepatitis disease
[4], whereas an ineffective and/or hyperactive immune
response may result in chronic liver disease, cirrhosis and
hepatocellular carcinoma [11-13]. Tumor growth factor
(TGF)-b1 is a multifunctional cytokine in the immune
system [14]. It is a homodimeric peptide with a molecular
weight of 25-kDa. A better understanding of the molecular
mechanism of immune response inhibition by TGF-b1 is
required. TGF-b1 cannot be classified as a classical Th1 or
Th2 cytokine, however, a TGF-beta-producing Th3 subset
that has been recently described might play an important
regulatory role in immune response [14]. Additonally,
TGF-b1 that is also produced by non-parenchymal liver
cells, enhances the activity of perisinusoidal cells and
lipocytes while inhibiting the growth and proliferation of
hepatocytes. One of its major functions is to stimulate
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extracellular matrix and fibrous tissue production [15, 16].
Although TGF-b1 plays an active role in normal cell
growth, it has a negative effect on hepatocyte proliferation
via induction of apoptotic mechanisms. In particular,
TGF-b1 is thought to be responsible for apoptosis that
leads to the tissue loss and decrease in liver size seen in
chronic liver diseases [17-19]. Activated liver fat storage
cells (ITO) or lipocytes that express platelet derived
growth factor (PDGF) receptors on their surface are the
key cells in liver fibrosis. The number of these PDGF
receptors increases in liver cirrhosis. It is suggested that
TGF-b1 causes liver fibrosis by inducing the mitogenic
effect of PDGF [20]. It is shown in the literature that liver
fibrosis can be prevented by anti-TGF-b1 treatment [16].

In our study, we planned to measure serum TGF-b1 levels
and to determine the role of this cytokine in disease etiol-
ogy and pathogenesis, as well as in liver fibrosis, and
whether it has a value as a prognostic factor or not.

PATIENTS AND METHODS

Twenty one patients with cirrhosis due to viral hepatitis,
and 26 patients with chronic hepatitis [14 due to chronic
hepatitis B (CHB), 12 due to chronic hepatitis C (CHC)],
who were admitted to the out-patient department of Gas-
troenterology in Ege University Hospital were included in
our study, along with ten healthy individuals as a control
group. Diagnosis was based on clinical, biochemical, sero-
logical, ultrasonographic and biopsy results. At the time of
a liver biopsy, the blood sample was obtained from each
patient to determine serum TGF-b1 levels using ELISA
technology with Amersham International Plc-Amersham
UK-Biotrak commercially available kits.

Although biochemical and virological analyses were part
of routine follow-up, all patients gave informed consent for
liver biopsy. Approval for the study was given by the ethics
committee of our hospital. HBsAg, anti-HBs, and anti-
HCV antibodies were determined by automated analysis

using the AXSYM MEIA technique (Abbott Laboratories,
North Chicago, IL, USA). Percutaneous liver biopsy was
performed successfully using the Menghini technique un-
der sonographic control in all patients. All biopsy results
were reviewed by a blinded pathologist, to obtain a con-
sensus diagnosis and histological score. The Histological
Activity Index (HAI) and fibrosis index were evaluated
according to the Knodell histology activity index scoring
system [21]. Briefly, HAI represents the sum of the scores
attributed to the necroinflammatory lesions. Knodell
HAI represents the sum of the scores for the
periportal ± bridging necrosis (0 to 10), intralobular de-
generation and focal necrosis (0 to 4), portal inflammation
(0 to 4) with a maximum of 18 points. The Knodell HAI
score for fibrosis ranges from 0 to 4 (that is, 4 for only
cirrhotic fibrosis).

The Child-Pugh scoring system which was performed for
all patients with cirrhosis, grades the parameters of biliru-
bin, albumin, prothrombin time, hepatic encepalopathy
and ascites from one to three to a maximum score of
15 [22]. Exclusion criteria that all selected patients met
were:

1) history of alcohol usage and evidence of alcoholic
cirrhosis for patient with cirrhosis;

2) evidence of autoimmune hepatitis according to revised
autoimmune hepatitis scoring system [23];

3) possibility of hemorrhage (low platelet count, pro-
longed prothrombin time, anemia with Hct lower than
30%) prior to liver biopy;

4) history of oral and/or parenteral corticosteroids, or
other treatment that may affect serum cytokine levels,
similar to interferon, anti-viral agents for a period of six
months or less prior to blood sampling for TGF-b1.

Statistical analyses were done using the SPSS version
9.0 computer software program with unpaired Student’s
test. Correlation of HAI and serum TGF-b1 levels was
investigated with the Pearson’s correlation test. Statistical
significance was defined as a P value less than 0.05 (2-
tailed).

Table 1
Patients and control group characteristics, serologic situation, HAI (Histological Activity

Index), Fibrosis index, Child Pugh score, Biochemical parameters and serum TGF-b1 levels.
See text for P values

Parameter Patients with
CHB (n = 14)

Patients with
CHC (n = 12)

Cirrhotic
Patients
(n = 23)

Control
(n = 10)

Age (year ± SD) 30.64 ± 5.3 30.75 ± 4.9 38.16 ± 7.6 31.0 ± 4.78
Female/Male 6/8 5/7 9/14 4/6
Duration of seropositivity
(year ± SD)

8.76 ± 2.09 7.42 ± 2.21 12.34 ± 5.04 –

Serology (HbsAg/anti-HCV Ab) 14/0 0/12 11/10 0/0
HAI (Mean ± SD) 9.21 ± 1.81 8.25 ± 2.7 – –
Fibrosis index (Mean ± SD) 1.78 ± 1.48 1.75 ± 1.36 4 –
Child-Pugh Score (Mean ± SD) – – 7.22 ± 1.65 –
Serum bilurubin mg/dL
(Mean ± SD)

1.18 ± 0.44 1.11 ± 0.31 1.99 ± 0.58 0.9 ± 0.4

Serum albumin g/dL
(Mean ± SD)

4.18 ± 0.66 3.93 ± 0.47 3.01 ± 0.84 4.08 ± 0.72

Serum TGF-b1 (ng/ml)
(Mean ± SEM)

62.93 ± 13.96 91.92 ± 5.68 117.86 ± 12.77 76.7 ± 3.84
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RESULTS

The study group consisted of 21 non-alcoholic, cirrhotic
patient (with both 11 HBsAg and 10 anti-HCV antibody
positive), 14 HBsAg and 12 anti-HCV antibody-positive
chronic active hepatitis patients. Chronic active hepatitis
patients with HBV and HCV infection did not differ sig-
nificantly according to their baseline clinical characteris-
tics as shown in Table 1. Demographic characteristics of
patient and control groups were similar. Other characteris-
tics of these patients and control group are shown in
Table 1.

Biochemical parameters were similar in all groups except
for serum bilurubin and albumin. Serum bilurubin levels in
patients with CHB, CHC and cirhosis were higher than
those in the control group (P < 0.05). The highest level of
serum bilirubin was shown in patients with cirrhosis.Addi-
tionally, serum bilirubin levels did not vary among differ-
ent patient groups. Serum albumin levels in patients with
CHB and CHC were not significantly different from the
control group. Patients with cirrhosis had lower serum
albumin levels when compared to patients with CHB, CHC
and control group (P < 0.05).

When hepatic biopsies of patients with chronic hepatitis
were compared, the mean HAI values in CHB and CHC
patients were 9.21 ± 1.81 and 8.25 ± 2.7 respectively. The
difference between these two groups was not statistically
significant. The mean score of fibrosis which is a criterion
of HAI was evaluated as 1.78 ± 1.48 in CHB;
1.75 ± 1.36 in CHC patients. The difference in fibrosis
indices between the groups was not significant either.

The mean (± SEM) serum level of TGF-b1 was
76.7 ± 3.84 ng/ml and 62.93 ± 13.96 ng/ml in the control
group and in CHB patients, respectively. The difference
between these groups was not statistically significant. In
patients with CHC, the mean serum level of TGF-b1 was
91.92 ± 5.68 ng/ml, and it was significantly higher than
that in the CHB and control groups (P < 0.05). Mean
serum levels of TGF-b1 in cirrhotic patients with a positive
HbsAg and a positive anti-HCV antibody were
114.75 ± 17.56 ng/ml and 119.92 ± 10.43 ng/ml, respec-
tively and this difference was not statistically significant.
Similarly, clinical and biochemical findings, as well as
Child-Pugh scores for these two groups were similar so,
the results of the patients in both groups were evaluated as
one single group designated the cirrhotic patients. Thus,
the highest TGF-b1 level that was detected in patients with
cirrhosis (117.86 ± 12.77 ng/ml) was not significantly
higher than that of patients with CHC.

In patients with cirrhosis, the TGF-b1 level was positively
correlated with the Child-Pugh score (r = 0.625;
P = 0.002) (Figure 1a) as well as serum bilirubin levels
(r = 0.726; P = 0.0001), whereas it was negatively corre-
lated with serum albumin levels (r = – 0.502; P = 0.04).

In patients with CHC, the serum TGF-b1 level was
positively correlated with HAI (r = 0.523; P = 0.04) (Fig-
ure 1b). However, the serum TGF-b1 level was not corre-
lated with HAI in patients with CHB (r = 0.261; P = 0.25).
The fibrosis index did not correlate with TGF-b1 levels
significantly in CHB patients (r = – 0.2455; P = 0.4).
However, there was a sigificant correlation between this
index and serum TGF-b1 levels in CHC patients
(r = 0.723; P = 0.008) (Figure 1c).

DISCUSSION

It is known that TGF-b1 is a stimulator of extracellular
matrix proliferation and tissue fibrosis and is also a strong
immunosuppressive cytokine. It also induces apoptosis of
liver cells [14, 15, 17-19, 24]. BALB/c mice deficient in
the immunoregulatory cytokine TGF-b1 spontaneously
develop necroinflammatory liver disease. Runder et al.
demonstrated in these mice that TGF-b1 has a critical role
in homeostatic regulation of hepatic immune system by
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Figure 1
a: Positive correlation between serum TGF-b1 and Child-Pugh

staging in a patient with cirrhosis; b: Positive correlation between
serum TGF-b1 and HAI (Knodell histology activity index) in a

patient with CHC; c: Positive correlation between serum TGF-b1
and fibrosis index in a patient with CHC.
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inhibiting the development or expansion of the hepatic
cytolytic CD4+ T cells [25].

In this study, etiologic factors of cirrhosis in patients were
HBV and HCV infections. However, we did not detect any
clinical or biochemical difference between these two
groups. Child-Pugh scores and serum TGF-b1 levels were
similar in these groups, too. Therefore we interpreted that;
in patients who develop cirrhosis due to viral etiology, the
immunopathogenetic mechanism leading to cirrhosis is
similar despite the difference in viral etiology. Increased
levels of TGF-b1 in patients with cirrhosis might be attrib-
uted to a chronic viral hepatitis background since TGF-b1
may be produced to suppress ongoing immune reactions
on the basis of a relatively weak Th2-derived immune
response. Detection of the highest level in cirrhotic pa-
tients is evidence of the role of TGF-b1 in the induction of
fibrosis. Moreover, a positive correlation of TGF-b1 with
Child-Pugh staging supported the role of TGF-b1 in the
etiopathology of cirrhosis. Previous studies have also de-
tected high serum TGF-b1 levels in cirrhotic patients [26,
27]. TGF-b1 levels are correlated positively with Child-
Pugh staging and bilirubin, and negatively with albumin;
therefore it is possible to use measurement of TGF-b1,
along with this staging as a predictive or even a prognostic
factor to evaluate the disease process. Furthermore, Ohara
and Kusano showed that inhibiton of TGF-b1 function by
anti-TGF-b1 antibody improves the survival rate in cir-
rhotic rats [28]. Their results may indicate that increased
TGF-b1 is a poor prognostic factor in patients with cirrho-
sis. Additionally, Flisiak et al. had noted that plasma
TGF-b1 level is an indicator of a liver function impairment
and a possible marker of hepatic fibrosis progression in
cirrhotic patients [27]. Thus, these results may support our
comments on the prognosis of cirrhosis.

In another study, recombinant TGF-b1 suppressed hepati-
tis B-stimulated IFN-c synthesis in a dose-dependent man-
ner and suppressed anti-HBc antibody production [29].
High levels of TGF-b1 in our patients may be attributed to
this anti-inflammatory action. In a work reported from
Japan, neutralization of TGF-b1 in hepatitis C patients
increased hepatitis C-specific cytotoxic T cell reaction
[30]. Apparently, high levels of TGF-b1 in our patients
with CHC may also suppress specific immune reactions
including cytotoxic T cell function which may contribute
to the development of chronic disease.

In our study, we have found higher serum TGF-b1 levels in
patients with CHC than that in patients with CHB. This
may explained the worse prognosis and higher tendency to
chronic progression in CHC infection which was also
supported by, a positive correlation between serum
TGF-b1 levels and HAI in patients with CHC. HAI indices
were not significantly different between CHB and CHC
patients. Similarly, fibrosis indices of these patients did not
differ significantly either. However, the strong correlation
of TGF-b1 levels with fibrosis, along with HAI in CHC
patients indicates an important role for TGF-b1 in patho-
genesis for fibrosis in these patients. It has been shown
before that Hepatitis C virus core antigen upregulates
TGF-b1 [31]. Ray et al., in a study to compare liver
biopsies of patients with chronic liver disease due to HCV
and due to other etiologies, detected that TGF-b1 mRNA
was present in patients with HCV-related chronic liver
disease but not in the other group. In the same study,
TGF-b1 mRNA and protein levels were two logs and

approximately 30 times higher in HCV transfected HepG2
cells than in HBV- and mock-transfected cells respectively
[32]. In the light of these previous reports in literature, and
of our results, it can be concluded that TGF-b1 plays a
more important role in chronic liver disease due to HCV
when compared to other etiology. Futhermore, Tsai et al.
has reported that patients positive for both HBsAg and
anti-HCV antibody had much higher serum TGF-b1 levels
when compared to patients positive only for HBsAg [33].
As has been observed in this study too, anti-HCV positiv-
ity is related to an increase in serum levels of TGF-b1. This
may explain our finding of elevated TGF-b1 levels in CHC
patients. Higher risk of progression to chronicity in pa-
tients with CHC may be explained by the elevated levels of
TGF-b1. Similarly, the presence of the positive correlation
between HAI and TGF-b1 in CHC but not in CHB patients
may be interpreted as this cytokine having a more vital role
in the immunoinflammatory pathogenesis of CHC. Addi-
tionally, this supports the idea that TGF-b1 causes more
extensive damage in patients with CHC than in patients
with CHB, and may be used as a prognostic marker for
these patients.
In conclusion, the role of the immune response in both
acute and chronic hepatitis and in cirrhosis patients can not
be denied. The results of our study and previous other
studies demonstrate that, high serum TGF-b1 levels may
be related to continuing efforts to suppress the ongoing
immune reaction. Moreover, high levels of serum TGF-b1
levels in cirrhotic patients may indicate that the cirrhotic
process may be due to the fibrotic effects of this cytokine.
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