
• VIRAL HEPATITIS •

Transforming growth factor-1 gene polymorphisms are associated

with progression of liver fibrosis in Caucasians with chronic

hepatitis C infection

Hao Wang, Senait Mengsteab, Carmen G. Tag, Chun-Fang Gao, Claus Hellerbrand, Frank Lammert, Axel M. Gressner,

Ralf Weiskirchen

EL SEVIER

PO Box 2345, Beijing 100023, China                                                                                                                                                          World J Gastroenterol  2005;11(13):1929-1936

www.wjgnet.com                                                                                                                                              World Journal of Gastroenterology  ISSN 1007-9327

wjg@wjgnet.com                                                                                                                                                                                       © 2005 The WJG Press and Elsevier Inc. All rights reserved.

Hao Wang, Chun-Fang Gao, Department of Laboratory Medicine,
Changzheng Hospital, Second Military Medical University, Shanghai,
China
Senait Mengsteab, Carmen G. Tag, Axel M. Gressner, Ralf
Weiskirchen, Institute of Clinical Chemistry and Pathobiochemistry,
RWTH-University Hospital Aachen, Germany
Claus Hellerbrand, Department of Internal Medicine I, University
of Regensburg, Germany
Frank Lammert, Department of Medicine III, RWTH-University
Hospital Aachen, Germany
Supported by the Grants From the Federal Ministry of Education
and Research of Germany (Network of Competence in Medicine Hep-
Net) and the Natural Science Foundation of China, No. 30270605
Correspondence to: Dr. Ralf Weiskirchen, Institute of Clinical
Chemistry and Pathobiochemistry, RWTH-University Hospital, D-
52074 Aachen, Germany.  rweiskirchen@ukaachen.de
Telephone: +49-241-80-88683    Fax: +49-241-80-82512
Received: 2004-10-15    Accepted: 2004-11-19

Abstract

AIM: Considerable attention is focused on polymorphisms in
the gene encoding transforming growth factor-1 (TGF-1),
a multifunctional cytokine that is in turn a potent growth
inhibitor involved in wound healing and differentiation. In
humans, it promotes the pathogenesis of organ fibrosis,
atherosclerosis, cancer, autoimmune and inflammatory
diseases, keloid disease, and hypertrophic scarring. For
this reason, much emphasis has been placed on studies
elucidating the impact of TGF-1 and its gene variations
for the susceptibility and pathogenesis of these diseases.
Unfortunately, some studies have serious limitations.

METHODS: We have recently described a high-throughput
method for investigation the Arg25Pro polymorphism of
human TGF-1 gene and showed that the frequency of
the Pro25 allele is significantly associated with hepatic
fibrogenesis. In this report, we describe two novel LightCycler
(LC) techniques that facilitate the examination of the two
other known alterations in the coding region of TGF-1.
We investigated whether these polymorphisms contribute
to hepatitis-induced progression of fibrogenesis in Chinese
and Caucasians.

RESULTS: In the Chinese ancestry, the gene polymorphisms
at codons 25 and 263 were not found and the genetic
variant at codon 10 is unlikely to confer susceptibility to
hepatic fibrosis. Contrarily, in Caucasians TGF-1 allelic
variations are more frequent and the presence of prolines

either in codon 25 or 10 is associated with the interindividual
variability in developing more severe fibrosis during
chronic hepatitis C infection.

CONCLUSION: In summary, these results confirm the
hypothesis that TGF-1 polymorphisms are associated
with fibrosis progression in Caucasians chronically infected
with hepatitis C.

© 2005 The WJG Press and Elsevier Inc. All rights reserved.
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INTRODUCTION

Increasing evidence indicates that genetic factors determine
the rate of progression of liver fibrosis[1]. However, much
controversy surrounds the issue of the natural history of
hepatitis C virus (HCV) infection concerning viral-related
factors (e.g., viral load, genotype, quasispecies), host-related
factors (age, sex, race, immune status) and external determinants
(e.g., alcohol, smoking, drugs)[2-4]. During the last decade,
several candidate genes were identified influencing the
natural history of chronic liver diseases. In these studies,
the selection of genes investigated was mainly based on
biological plausibility. In the pathogenesis of liver fibrosis,
transforming growth factor-1 (TGF-1) is believed to be
the most potent master cytokine that promotes hepatic
fibrosis by stimulating the synthesis and inhibition of
degradation of a broad spectrum of extracellular matrix
proteins[5,6]. Therefore, mechanisms increasing the fraction
of biologically active TGF-1 are potentially involved in
the modulation of progression of liver fibrosis. In line with
that hypothesis, it has been reported that TGF-1 messenger
RNA is increased in the liver of patients with chronic HCV
infection[7]. Furthermore, these patients had a higher level
of  TGF-1, both totally and biologically active forms
compared to healthy controls suggesting that TGF-1 indeed
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promotes hepatic fibrogenesis[8]. Moreover, complementary
work from many laboratories demonstrated that aberrant
expression of TGF- leads to hepatic fibrosis and
inflammation in a number of experimental models.
Particularly, transgenic mice overexpressing TGF-1 are
prone to develop multiple tissue lesions including hepatic
fibrosis[9-11]. Conversely, the biological inactivation of
TGF- and its signaling pathway were recently shown to be
sufficient to prevent ongoing hepatic fibrosis as induced by
administration of dimethylnitrosamine or by ligation of the
common bile duct in rats[12-16]. On the other side, high doses
of soluble TGF- receptors sequestering TGF- function
were less antifibrogenic than lower doses in murine models
of chronic liver injury[17].

Given that TGF-1 currently occupies a central role in
liver fibrogenesis, it is possible that also certain DNA sequence
variants of TGF-1 might confer genetic risk to hepatic
fibrosis. To date, several TGF-1 polymorphisms have been
identified; three variations are located upstream of exon 1
(at positions -988, -800, and -509), an insertion/deletion of
a cytosine residue in the 5’ untranslated region (at position
+72), and three nucleotide substitutions in the gene’s coding
region[18,19]. Of these, two are located in exon 1 changing
the amino acid sequence of the signal peptide (at positions
+869 and +915) resulting in variations of codon 10 (leucine
to proline) or codon 25 (arginine to proline), respectively.
The third polymorphism in codon 263 (in exon 5) results in
the amino acid substitution threonine to isoleucine in the
precursor part of the protein. In addition, an insertion/
deletion of a cytosine residue located in intron 4 and several
other single-nucleotide polymorphisms (SNPs) have been
reported[20-22]. It has previously been discussed that the
production of TGF-1 is associated with some of these
gene polymorphisms[18,23,24]. However, with regard to HCV
induced liver fibrogenesis, the influence of TGF-1 gene
polymorphisms have yielded some contradictory results,
possibly reflecting heterogeneity between different populations
or other unknown independent risk factors[25-27]. In previous
works we found that the heterozygosity of codon 25 predicts
significantly faster fibrotic progression and more severe
fibrosis than the homozygous Arg25 genotype[26,27]. In
contrast, another study with a smaller sample size reported
that individuals with the high TGF-1-producing genotype
(Arg25Arg) were more likely to have increased hepatic
fibrosis compared with individuals of the low TGF-1-
producing genotype[25].

In this report, we describe two novel LightCycler (LC)
techniques that facilitate the high-throughput analysis of
the genetic TGF-1 variants at codon 10 and 263. In
combination with the recently developed method for
discriminating the different sequence variations at codon
25[27], we have now established the methodology to screen
the sequence variations within the coding region of human
TGF-1 on a large scale. All three assays are conducted in
a LC system allowing target amplification and product
analysis to be done consecutively. The concept of this
genotyping platform is based on different pairs of  fluorescently
labeled oligonucleotide probes that specifically distinguish
the different alleles by use of  the fluorescence energy transfer
(FRET) principle.

By use of this robust and scaleable genotyping technique
we corroborated and extended our previous work and
determined the distributions of  the respective allele
frequencies at codon 10, 25 and 263 in Caucasians with
chronic HCV infection and in healthy control subjects. We
further compared the observed gene frequencies with those
obtained in a Chinese cohort chronically infected with
hepatitis B virus (HBV).

MATERIALS AND METHODS

Human subjects
The study population comprised 210 Caucasian patients
with chronic HCV infection. They were recruited from the
Department of Internal Medicine I, University Hospital
of Regensburg (n = 141) and the Department of Medicine
III, RWTH-University Hospital Aachen (n = 69). Fifty
ethnically matched unrelated healthy controls were randomly
recruited from the RWTH-University Hospital Aachen. The
HCV diagnosis was based on positive anti-HCV assay
(Abbott, Wiesbaden, Germany) and quantification of
circulating HCV RNA by RT-PCR (Cobas Amplicor, Roche,
Mannheim, Germany). Liver needle biopsies from 200
patients were stained and scored (stages F0-4) according to
the guidelines by Desmet et al[28]. Further, we enrolled 90
Chinese patients with chronic HBV infection and 104 non-
affected healthy controls from the Department of
Laboratory Medicine, Changzheng Hospital, Second Military
Medical University, Shanghai. HBV infection was
demonstrated by positive serological assays for anti-HBc
and HBsAg (Roche).

Analysis of TGF-1 gene polymorphisms
Sequence variants at codons 10, 25 and 263 of human
TGF-1 gene (TGFB1) were determined in a LC-system
(Roche). Genomic DNA was extracted from peripheral
blood cells using the QIAamp DNA Blood Mini extraction
kit (Qiagen, Hilden, Germany). The precise conditions for
genotyping codon 25 of human TGF-1 gene has been
described in detail elsewhere[27]. Comparable assays were
generated for genotyping at codon 10 and codon 263. A
summary of primers, cycling conditions, and melting
curve analysis is listed in Table 1. In the final assays,
approximately 80 ng genomic DNA were amplified in the
presence of 0.5 µmol/L respective sense and reverse primers,
0.2 µmol/L sensor and anchor probes, 3 mmol/L MgCl2,
50 mL/L DMSO, and 1×LCTM FastStart DNA Master
Hybridization Probes (Roche) including additionally
1 mmol/L MgCl2. The fluorescently labeled primers were
obtained from Metabion (Martinsried, Germany),
conventional PCR-primers were synthesized at MWG-
Biotech AG (Ebersberg, Germany). The samples were
initially heated for 10 min at 95 ℃, and amplified for 45
cycles of 10 s at 95 ℃, 10 s at 59 ℃, and 20 s at 72 ℃,
respectively. The individual melting curves were recorded
in 1 cycle of 95 ℃ for 1 min and 45 ℃ (codon 10) or
39 ℃ (codon 263) for 30 s, each with a temperature
transition rate of 20 ℃/s, and then ramping to 78 ℃
(codon 10) or 74 ℃ (codon 263) for 0 s with a transition
rate of 0.2 ℃/s. The exact compositions and locations
of sensor and anchor probes are depicted in Figure 1.
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Sequence analysis
Representative amplification products were purified by gel
electrophoresis and sequenced with the Big Dye Terminator
Cycle Sequencing Ready Reaction kit (Applied Biosystems,
Weiterstadt, Germany). Briefly, sequence reactions were
performed in a final volume of  20 µL containing approximately
100 ng amplicon, 8 µL of  BigDye Terminator Reaction
Mix, and 40 ng sequencing primer. The cycling conditions
were: initial denaturation at 95 ℃ for 5 min, followed by
50 cycles at 95 ℃ for 30 s, 55 ℃ for 20 s, and 60 ℃ for
4 min. Products were purified on Centri-Sep spin columns
(Princeton Separations, Adelphia, NJ), dried in a Speed Vac
system, and resuspended in 20 µL template suppression
reagent (Applied Biosystems). The reaction products were
then denatured at 95 ℃ for 2 min and separated on the ABI
PRISM 310 DNA Genetic Analyzer (Applied Biosystems).

Calculation of gene frequencies and statistics
The consistency of genotype frequencies with Hardy-
Weinberg equilibrium was checked and visualized with the
help of the triangular de Finetti diagram employing a
software developed by Wienker and Strom[29]. The influence
of TGF-1 genotypes on the stage of fibrosis between
groups was evaluated using 2 analysis. In comparisons,
P values ≤0.05 were considered significant.

RESULTS

TGF-1 genotyping
We have recently described a real-time PCR detection
method for discriminating the codon 25 variants of human
TGF-1 gene. The assay couples rapid PCR with fluorescent
hybridization probes, allowing target amplification and
product analysis to be done consecutively[27]. In a first step,
the target is amplified by PCR and further processed for
mutation detection. This is achieved by the nearby
hybridization of two labeled probes within the amplified
sequence exchanging FRET. One of the probes is a tightly
binding anchor probe whereas the adjacent sensor probe
covers the region of sequence variations. During melting
of the annealed probes, differentiation of the different allelic
variants are detected by their characteristic melting profiles;
a homozygous sample results in a single peaked melting
curve with a particular melting point for each allele, and a
heterozygous allele constellation results in two peaks. The
accuracy and speed of the genotyping protocol inspired us
to develop comparable methods for analysis of the two
other known polymorphic sites within the coding region
(codons 10 and 263) of the TGF-1 gene. The individual
protocols were optimized for reagent concentrations, cycling
conditions, and melting point analysis. In the final protocols
(Table 1), different fluorescein- and LC-Red640-labeled
hybridization probes are allowed to bind to the amplified
product (Figure 1) and the different variants are identified
in melting curve analysis. Typically, DNA homozygous for
one variant results in a single peak with a different melting
temperature than the other sequence variant and a heterozygous
sample induces a biphasic melting curve with the combined
peaks (Figures 2A and 3A). To demonstrate the accuracy
of the two novel LC-techniques, we sequenced and analyzed

representative amplicons by gel electrophoresis revealing
that the amplicons (1) were derived from the TGF-1 gene,
(2) contained the predicted allele constellation (Figures 2B
and 3B), and (3) had the correct sizes (Figures 2C and 3C).

Genotype frequencies in subjects of Caucasian and Chinese
ancestry
The summarized TGF-1 genotyping data of the two study
populations are presented in Table 2. Although the genotype
frequencies of  all polymorphisms are in Hardy-Weinberg
equilibrium, it is obvious that the distributions of the three
gene variants are significantly dependent on ethnicity. In
104 healthy control subjects and in 90 patients with HBV
infection taken from China the genetic polymorphisms at
codons 25 and 263 were not observed. In contrast, 40 of
260 Caucasian subjects (15.4%) were heterozygous at codon
25 and 19 (7.3%) were heterozygous at codon 263. None of
the tested samples were homozygous for proline or isoleucine

Table 1  LC Protocols for Genotyping the TGF-1 Gene Polymor-
phisms

        Codon 10 (Leu10Pro)

Time (s)      Temp (℃)        Transition Rate (℃/s)        Cycles

    600              95               20              1                 Denaturation

      10              95               20              45     Cycling

      10              59               20

      20              72               20

      60              95               20              1                 Melting curve

  Analysis

      30              45               20

       0              78                 0.2

5‘-d(CTAGGTTATTTCCGTGGG)-3’                  Sense primer

5’-d(CCTTGGCGTAGTAGTCG)-3’                Reverse primer

5’-d(TCCCCCATGCCGCCCTCCGGGCT-Fluo)-3’                Anchor primer

5’-LCRed640-(CGGCTGCTGCCGCTGCT-P)-3’                 Sensor primer

        Codon 25 (Arg25Pro)

Time (s)      Temp (℃)        Transition Rate (℃/s)        Cycles

    600              95               20              1                 Denaturation

      10              95               20              45     Cycling

      10              59               20

      20              72               20

      60              95               20              1                 Melting curve

  Analysis

      30              40               20

       0              80                 0.2

5‘-d(CTAGGTTATTTCCGTGGG)-3’                  Sense primer

5’-d(CCTTGGCGTAGTAGTCG)-3’                Reverse primer

5’-d(GCTACCGCTGCTGTGGCTACTGGTGCT-Fluo)-3’               Anchor primer

5’-LCRed640-(ACGCCTGGCCCGCCG-P)-3’                 Sensor primer

        Codon 263 (Thr263Ile)

Time (s)      Temp (℃)        Transition Rate (℃/s)        Cycles

    600              95               20              1                 Denaturation

      10              95               20              45     Cycling

      10              59               20

      20              72               20

      60              95               20              1                 Melting curve

  Analysis

      30              39               20

       0              74                 0.2

5‘-d(AAGCAGGGTTCACTACCGGC)-3’                  Sense primer

5’-d(AGGCCTCCATCCAGGCTACA)-3’                Reverse primer

5’-LCRed640-(GAGAGGGCCCAGCATCTGCAAAGCT-P)-3’     Anchor primer

5’-d(ATGGCCACCCCGCT-Fluo)-3’                 Sensor primer



at codon 25 or codon 263, respectively. The frequencies of
TT, TC, and CC genotypes at codon 10 in the Chinese
population among 194 subjects were 50 (25.8%), 87 (44.8%)
and 57 (29.4%), respectively. In the group of 260 Caucasians
the observed values were 106 (40.8%), 127 (48.8%) and
27 (10.4%), again demonstrating that both populations are
divergent for these nucleotide substitutions. Interestingly,
all 40 individuals heterozygous at codon 25 (Arg25Pro) were
heterozygous (Leu10Pro) or homozygous for Pro (Pro10Pro)
at codon 10. None of the subjects heterozygous at codon
25 was homozygous for Leu at codon 10. Hence, it is possible
that the two prolines at codons 25 and 10 encoded by exon
1 form a defined haplotype in Caucasians that tends to be
more frequent than the linkage of a proline at codon 25
together with a leucine at codon 10.

TGF-1 genetic polymorphisms in assessing interindividual

fibrosis variability in chronic hepatitis
The respective genotype frequencies for each polymorphic
site were calculated for the Chinese and Caucasian populations

(Table 3). We found no significant differences in the genotype
frequencies between the individual control groups and
patients suffering from chronic HBV (Chinese) or HCV
(Caucasians) infection, respectively. There was only a slight,
but not significant increase (P = 0.169; 2 = 1.89) of the C
allele (Pro) at codon 10 in Chinese subjects infected by
HBV compared to non-infected Chinese controls.

To elucidate the impact of  the different allelic TGF-1
variants and hepatic fibrogenesis in Caucasians, we compared
the obtained genotype distributions between patients with
different degrees of  fibrosis (F0-2 vs F3-4) (Table 4). In
summary, this analysis revealed that (1) patients with at least
one proline at codon 10 are at a higher risk to have more
pronounced fibrosis than patients without a proline (2 = 4.39;
P = 0.036); (2) the severity of fibrosis correlates with the
appearance of proline at codon 25 (2 = 5.97; P = 0.015),
and (3) the Thr263Ile polymorphism had no significant impact
on the interindividual variability in fibrosis progression.

Table 2  TGF-1 gene polymorphisms in subjects of Chinese and Caucasian origin

Ethnic group   n Subjects Codon 25   n Codon 10  n Codon 263   n

Chinese 194 Controls Arg/Arg 104 Leu/Leu 29 Thr/Thr 104

Leu/Pro 49

Pro/Pro 26

Patients Arg/Arg    90 Leu/Leu 21 Thr/Thr    90

Leu/Pro 38

Pro/Pro 31

Caucasians 260 Controls Arg/Arg    42 Leu/Leu 19 Thr/Thr    19

Leu/Pro 20 Thr/Thr    17

Thr/Ile     3

Pro/Pro   3 Thr/Thr     2

Thr/Ile     1

Arg/Pro     8 Leu/Leu   0

Leu/Pro   7 Thr/Thr     7

Pro/Pro   1 Thr/Ile     1

Patients Arg/Arg 178 Leu/Leu 87 Thr/Thr    85

Thr/Ile     2

Leu/Pro 80 Thr/Thr    74

Thr/Ile     6

Pro/Pro 11 Thr/Thr     7

Thr/Ile     4

Arg/Pro    32 Leu/Leu   0

Leu/Pro 20 Thr/Thr    20

Pro/Pro 12 Thr/Thr    10

Thr/Ile     2
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Table 3  TGF-1 Allelic Frequencies

               Chinese Caucasians
Polymorphic
site         Total          Controls      Patients   Total    Controls        Patients

    (n = 194)       (n = 104)       (n = 90)       (n = 260)      (n = 50)        (n = 210)

Codon 10   0.50/0.50    0.51/0.49    0.44/0.56    0.65/0.35    0.65/0.35    0.65/0.35

(T/C)

Codon 25         1/0               1/0 1/0          0.92/0.08    0.92/0.08    0.92/0.08

(G/C)

Codon 263      1/0               1/0 1/0          0.96/0.04    0.95/0.05    0.97/0.03

(C/T)

Table 4  Genotype distribution of codon 10, 25, and 263 polymor-
phisms and grade of fibrosis in caucasian patients (n = 200) with
chronic hepatitis C infection

Codon Genotype       Total F0-2         F3-4

   10 Leu/Leu           82   70           12

Leu/Pro           95   69           26

Pro/Pro           23   17           6

   25 Arg/Arg        169 137           32

Arg/Pro           31   19           12

Pro/Pro           0     0           0

263 Thr/Thr         186 145           41

Thr/Ile           14   11           3

Ile/Ile           0     0           0



DISCUSSION
Chronic HBV and HCV infections are one of the most
common infectious diseases leading to high morbidity and
mortality due to the development of liver fibrosis/cirrhosis
and hepatocellular carcinoma. At least four million people
in the USA are believed to be chronically infected with HCV
and nearly 10 000 HCV-related deaths occur each year in
the USA[30-32]. Worldwide, it is estimated that nearly half  a
billion people are affected. However, epidemiological studies
revealed that the progression of liver fibrosis in patients
exposed to HCV infection is highly variable and that host
factors including age, alcohol intake, intravenous drug abuse,
sexual activity and gender are independent risk factors[33-36].
Previous studies during the last few years suggested that a
strong genetic component affects the natural course of viral
infections[37]. Based on biological plausibility, numerous
candidate genes and their allelic variations were analyzed as
potential biomarkers influencing the disease progression in
chronic HCV[1,25]. Unfortunately, some of these studies have

yielded contradictory results[1]. In particular, the lack of well-
matched controls, the uncritical comparison of results
obtained in different ethnicities, and the analysis of populations
with unbalanced ethnic admixture are apparently the cause
for some conflicting reports. Further, a critical factor to
consider is the sample size implicating the statistical power
of genetic association studies. Most often, a strong inverse
relationship between the effort necessary to determine
genetic polymorphism and sample size exists. Some of the
molecular techniques that facilitate the analysis of variants
are labor-intensive and are only appropriate for small-scale
studies. These methods include restriction fragment length
polymorphism (RFLP) analysis, amplification refractory
mutation system (ARMS)-PCR, specialized 5’ nuclease assays,
and single-strand conformational polymorphism (SSCP)
analysis. Recently, high-throughput genotyping platforms,
including SNP mapping, fluorescent dye-based genotyping
technologies, DNA chip-based microarrays, and mass
spectrometry genotyping technologies are developed for

Figure 1  Molecular analysis of the coding TGF-1 allele variations. For analysis of the Leu10Pro (A), Arg25Pro (B) and Thr263Ile (C) TGF-1
polymorphisms, corresponding sites are amplified using specific combinations of sense and reverse primers. Subsequently, fluorescently
labeled hybridization probes are annealed to the amplicons allowing discrimination of the different alleles by melting curve analysis.
Nucleotide positions are given according to GenBank accession nos. X05839 (Leu10Pro, Arg25Pro) and X05844 (Thr263Ile), respectively.
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Figure 2  LC analysis of the Leu10Pro polymorphism. A: The derivative melting curves of a representative LC analysis for different samples are
plotted. Genotypes identified are: Leu10Leu (black line), Leu10Pro (red line), and Pro10Pro (green line). The different allelic variants of codon 10
show typical melting temperatures at Tm = 56 ℃ (Leu10) and Tm = 67 ℃ (Pro25), respectively. A no-template control is shown in blue; B: Sequencing
was performed to confirm the determined genotypes; C: Representative LC products were separated in 2 g/L agarose gel to demonstrate the
correct size of synthesized amplicons (523 bp). The sizes of selected molecular weight markers are indicated at the left margin.
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large-scale application.
The clarification of genetic polymorphisms in assessing

interindividual variability in stage, grade and rate of progression
of chronically injured livers in well-designed studies and the
development of adequate genotyping methods are one objective
of  the recently created German Network of  Competence for
Viral Hepatitis (Hep-Net) sponsored by the German Ministry
of Education and Research[38].

Recently, we described a new procedure discriminating
between different allelic variants at codon 25 of the human
TGF-1 gene[27] and demonstrated that in Caucasian patients
with severe hepatic fibrosis the Pro25 allele is twice as
frequent as in subjects with mild fibrosis. We have analyzed
this polymorphism since TGF-1 is the most dominant
fibrogenic cytokine in hepatic fibrosis contributing to the
increased synthesis and deposition of a broad spectrum of
extracellular matrix molecules including fibronectin, collagens
type I, III, and IV, tenascin, elastin, osteonectin, biglycan,
and decorin[6].

In the present study, we established two novel LC techniques
allowing differentiation of the two other TGF-1 allelic
variants at codons 10 and 263. We extended our previous
investigations and elucidated the possible relationship
between the gene’s coding polymorphisms and the stage of
liver fibrosis in Chinese and Caucasian patients with HBV
or HCV infection, respectively. In the different ancestries,
we found high differences of allelic frequencies at all three
codons. All subjects from China carried the G-allele at codon
25 encoding arginine. This finding along with the recent
demonstration that the variability at this site is also absent
in populations from Korea and Japan[39-41] suggests that this
polymorphism is generally not found in populations of Asia.
Further, we observed no genetic alteration at position 263
in subjects from China. Moreover, the allele frequencies at
codon 10 were different between the two ethnic groups
(Leu 0.514 vs 0.652; Pro 0.486 vs 0.348) again demonstrating
that it is of utmost importance to resolve issues regarding
TGF-1 gene polymorphisms in each of these subpopulations
separately. In the Asian cohort we observed a slight increase
of the Pro allele at codon 10 in patients suffering from
HBV infection. However, the observed difference was of
modest magnitude and not statistically significant indicating

that this polymorphism is unlikely to be associated with the
susceptibility for HBV infection in China.

In accordance, frequencies of the three investigated
TGF-1 genotypes did not differ between Caucasian patients
with chronic HCV infection and control subjects confirming
that these TGF- polymorphisms are not per se associated
with an increased risk of chronic hepatitis infections. However,
in Caucasians the presence of a C rather than a G at codon
25 changing arginine to proline predispose to more severe
fibrosis. Furthermore, patients have an elevated risk when
a proline is present at codon 10 suggesting that TGF-1 gene
polymorphisms contribute to the interindividual disease
variability.

The observed association between the leucine to proline
substitution at codon 10 and the severity of fibrosis might
be more indirect since both amino acids are apolar. Therefore,
it is unlikely that the polymorphism affects the biological
function and biochemical properties of the signal peptide
and up to now there are no reports available demonstrating
a different processing or synthesis of TGF-1 for these
modifications. Rather, the finding that all subjects genotyped
for at least one proline at codon 10 were also heterozygous
at codon 25 suggests that the prolines at codon 25 and
codon 10 form a defined haplotype in Caucasians.

In general, our findings are somewhat unexpected because
(1) experimental evidence has suggested that leukocytes
taken from individuals with the Arg25Arg genotype had a
significantly higher mean production of TGF-1 than
individuals with the Arg25Pro genotype[18] and (2) previous
work of our laboratory has demonstrated that the median
value of the TGF-1 in platelet-free plasma from fibrotic
patients carrying the homozygous Arg genotype were higher
than in heterozygous patients[26]. As a consequence, it would
be more presumable when the Arg25Arg genotype had more
impact on hepatic fibrogenesis. In this regard, a recent report
demonstrating that the sequestering of TGF-1 by a soluble
TGF- receptor in an experimental animal model of chronic
liver injury was less pronounced when the antagonist was
given at higher doses is most interesting[17]. Both findings
correspondingly show that high TGF-1 concentrations
per se are not decisive for the issue of fibrogenesis. Although
speculative, a potential mechanism underlying the varying

Figure 3  LC analysis of the Thr263Ile polymorphism. A: The derivative melting curves of a representative LC analysis for different samples
are plotted. Genotypes identified are: Thr263Thr (green line) and Thr263Ile (red line). The different allelic variants of codon 263 show typical
melting temperatures at Tm = 47 ℃ (Ile263) and Tm = 59 ℃ (Thr263), respectively. A no-template control is shown in blue; B: Sequencing was
performed to confirm the determined genotypes; C: Representative LC products were separated in 8 g/L agarose gels to demonstrate the
correct size of synthesized amplicons (182 bp). The sizes of selected molecular weight markers are indicated at the left margin.
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susceptibility for fibrosis might be a different tendency of
both genotypes to increase the hepatic fraction of biologically
active TGF-1 in injured liver. Theoretically, it might also
be possible that the suppression of the immune status by
TGF-1 in the high producer phenotype is more pronounced
and that this dose-dependent modulation influences the
overall susceptibility to the virus. However, this hypothesis
is in contrast to our findings that reveal no differences in
the frequencies of the individual TGF-1 genotypes between
patients chronically infected with HBV or HCV and the
corresponding control groups. Since we have as yet no direct
explanation how the amino acid substitutions at codon 10
and 25 contribute to hepatic fibrogenesis, further studies
will determine at which level they modulate the biological
activity of  TGF-1 function. We have not correlated our
data to surrogate markers for liver fibrosis (e.g., serum
hyaluronic acid), since these markers are known to be
predominantly altered in patients with severe fibrosis or
cirrhosis. However, the histological scoring as the gold
standard for evaluating the degree of fibrosis was found
to be strongly dependent on gene frequencies within the
TGF-1 gene.

In summary, our data support the hypothesis that TGF-
1 polymorphisms contribute to the susceptibility for hepatic
fibrosis in chronic HCV infection. The established TGF-1
genotyping methodology and the integration of  our work
into the German Network of  Excellence for Viral Hepatitis
(Hep-Net) will allow analyzing large numbers of  HBV- and
HCV-samples from academic centers and private practice
institutions in the near future. This will undoubtedly provide
the basis for a better design of studies aimed to understand
the impact of human diversity in the pathogenesis of liver
diseases. We hope that this report encourages investigators
to enter and participate in large-scale collaboration studies.
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