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Abstract Hepatocellular carcinoma (HCC) is one of the
most common malignant tumors worldwide. The risk for
developing HCC increases with severity of inXammation
and Wbrosis. Transforming growth factor-�1 (TGF-�1) is
most frequently upregulated in tumor cells. The most stud-
ied ¡509C>T polymorphism of TGF-�1 gene has been
associated with colorectal, gynecologic, and lung cancers.
To assess whether this polymorphism in TGF-�1 gene is
associated with susceptibility to and/or clinicopathologic
characteristics of HBV-related HCC, a total of 575 patients
with chronic HBV infection and 299 healthy volunteers
with no evidence of recent or remote HBV infection were
prospectively enrolled. The patients were divided into two
groups: those without (n = 196) and those with HCC
(n = 379). These 379 HCC patients with chronic HBV
infection were designated as cases, the remaining 196
patients without HCC and 299 healthy volunteers served as

disease and healthy controls, respectively. ¡509C>T poly-
morphism in the TGF-�1 gene promoter was studied using
restriction fragment-length polymorphism. In addition,
tumor tissues of liver (n = 60) were obtained from the stud-
ied HCC patients for measurement of TGF-�1 mRNA
expression levels. We also assessed the plasma TGF-�1
levels of HBV patients without (n = 94) or with HCC
(n = 136) and healthy subjects (n = 120). In our study
group, the risk of HCC in Chinese patients with HBV infec-
tion was signiWcantly lower with the TT genotypes than in
those with the CC genotypes at position ¡509 of TGF-�1
gene (P = 0.01). In addition, in the case group, patients with
the CC genotype had a statistically signiWcant higher
median plasma TGF-�1 or liver tumor tissue TGF-�1
mRNA level compared with the individuals with the TT
genotype. However, in a subsequent analysis of the associa-
tion between this polymorphism and clinicopathological
characteristics including tumor number, size, grade, stage,
and invasiveness, there was no signiWcant diVerence in
both the distribution of genotype or allelic frequency
within HCC patients, indicating that ¡509C>T exchange in
TGF-�1 gene may play an important role in the occurrence,
not the progression of HBV-related HCC through inXuenc-
ing plasma concentrations of TGF-�1 or TGF-�1 mRNA
expression of liver tumor tissue.
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Introduction

Hepatocellular carcinoma (HCC) is one of the most com-
mon malignant tumors worldwide [12]. Major etiologic

P. Qi · M. Fang · Q. Ji · Y.-p. Zhao · X.-j. Sun · Y. Liu · 
C.-f. Gao (&)
Department of Laboratory Medicine, 
Eastern Hepatobiliary Hospital, 
Second Military Medical University, 
200438 Shanghai, China
e-mail: gaocf1115@yahoo.com

P. Qi
e-mail: qipeng811225@sina.com

Y.-m. Chen
The First People’s Hospital of Hangzhou, 
310006 Zhejiang, China

H. Wang
Department of Laboratory Medicine, 
Changzheng Hospital, 
Second Military Medical University, 
200003 Shanghai, China
123



1434 Cancer Immunol Immunother (2009) 58:1433–1440
factors associated with HCC include infection with hepatitis
C (HCV) and hepatitis B (HBV) viruses, excess alcohol
intake and aXatoxin B1 exposure [2, 8]. It ranks the second
among all malignancies in China [13, 18], where HBV
infection is highly endemic and where chronic infection is
usually acquired in early infancy [21]. The risk for develop-
ing HCC increases with severity of inXammation and Wbro-
sis [17]. However, the host genetic factors that aVect the
HCC association remain unclear.

It is becoming increasingly apparent that most popula-
tion-attributable cancer heritability is related not to the rare
deleterious gene defects but to polymorphic variations in
the DNA sequence [14]. The most common sequence varia-
tion in the human genome is the stable substitution of a
single base; the single-nucleotide polymorphism (SNP).
Cytokines, as the product of host responses to inXamma-
tion, play an important role in the defense against viral
infections and carcinogenesis [11]. Transforming growth
factor-� (TGF-�) is encoded by three diVerent genes—
TGF-�1, TGF-�2, and TGF-�3. Of these, TGF-�1 is most
frequently upregulated in tumor cells. The human TGF-�1
gene is located on chromosome 19q13.1 and the variation
among individuals for TGF-�1 production has been consid-
ered to be under genetic control [7]. Up to date, several
TGF-�1 polymorphisms have been identiWed: three
upstream of exon 1, an insertion/deletion of a cytosine resi-
due within the 5� untranslated region, and three in the
coding region of the gene, which result in amino acid sub-
stitutions. The most studied ¡509C>T polymorphism is
located within an YY1 consensus binding site [15] and has
been associated with colorectal, gynecologic, and lung
cancers [1, 4, 9]. Our previous study demonstrated that
although there was no signiWcant diVerence in genotyping
distribution between liver cirrhosis patients and control
subjects at ¡509 in Chinese, the C allele at ¡509 could
play important roles in progression of liver cirrhosis. More-
over, the ¡509C allele has been associated with increased
TGF-�1 plasma levels [20]. To assess whether this poly-
morphism in TGF-�1 gene is associated with susceptibility
to and/or clinicopathologic characteristics of HBV-related
HCC, we performed a case-control association study in
Chinese samples.

Materials and methods

Patients

A total of 575 patients with chronic HBV infection and
299 healthy volunteers with no evidence of recent or
remote HBV infection were periodically enrolled between
December 2005 and October 2007 at the Eastern Hepatobiliary
Hospital. They were regularly followed with measurements

of serum ALT, AST, �-GT, and HBV markers such as
HBsAg, HBeAg, and anti-HBeAb using commercially
available radioimmunoassay kits every month, and ultra-
sonography or computed tomography of the liver every
3 months. All patients were positive for HBsAg and did
not have any other types of liver diseases such as chronic
hepatitis C, alcoholic liver diseases, autoimmune liver
diseases, or metabolic liver diseases. The patients were
divided into two groups: those without (n = 196) and those
with HCC (n = 379). These 379 HCC patients with
chronic HBV infection were designated as cases, the
remaining 196 patients without HCC and 299 healthy vol-
unteers served as disease and healthy controls, respec-
tively. The diagnosis of HCC was conWrmed by several
imaging techniques, including abdominal US, computed
tomography (CT), magnetic resonance imaging and histo-
logically on liver biopsy obtained by guided US. The fol-
lowing clinicopathologic characteristics of HCC patients
were obtained at the time of whole blood collection: tumor
number, size, growth phase, stage, and invasiveness. Age,
sex, and laboratory values used in the Child classiWca-
tion—total bilirubin, albumin, prothrombin time—and
additional levels of platelets, alpha fetoprotein, CEA, CA
19-9 were also obtained from all studied subjects. In addi-
tion, tumor tissues of liver (n = 60) were obtained from
the studied HCC patients for measurement of TGF-�1
mRNA expression level.

Analysis of TGF-�1 gene polymorphisms

Genomic DNA was extracted from peripheral blood with
the Qiagen QIAamp DNA Blood Mini Kit (Qiagen,
Hilden, Germany). TGF-�1 gene polymorphism genotyp-
ing at positions ¡509 in the promoter region, was carried
out according to the restriction fragment-length polymor-
phism (RFLP) method described by Carturan [3] without
knowing the subjects’ case or control status. The PCR
reactions were performed in a total volume of 20 �L con-
taining 10 ng of genomic DNA, 1 £ PCR buVer, 1.5 mM
MgCl2, 5% DMSO, 5 pmol of each primer, 50 mM dNTP,
and 0.4 unit of Taq polymerase (Takara, Japan). This PCR
reaction mixture was initially denatured at 95°C for
10 min, followed by 35 cycles of 94°C for 30 s, 58°C
for 30 s, 72°C for 45 s, and a Wnal extension cycle at 72°C
for 10 min. The used primers were listed in Table 1. The
808 bp PCR products were digested with the Eco81I
(SauI) (Takara, Japan) and separated by polyacrylamide
gel electrophoresis: the C allele was cut into 617 and
191 bp fragments (the T allele was not digested). The
results of the RFLP analysis were conWrmed by sequenc-
ing 18 study subjects for the C to T substitution at position
¡509 in the promoter region of the TGF-�1 gene, with
perfect correspondence.
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QuantiWcation of TGF-�1 mRNA expression by real-time 
PCR

Total RNA was isolated from tumor tissues of liver with the
TRIzol Reagent (Invitrogen, USA) and subsequently
treated with DNase I (Takara, Japan). Two hundred nano-
grams of total RNA from each sample was used to synthe-
size complementary DNA (cDNA). The obtained cDNA
was ampliWed by a regular PCR and cloned into pMD18-T
vector to create a quantitative standard control as described
previously [16]. The level of TGF-�1 mRNA present is
expressed as the ratio of TGF-�1 PCR product to �-actin
PCR product. All reactions were performed in duplicate
and experiments were repeated to ensure accuracy. The
primers and probes used in real-time PCR for quantiWcation
of TGF-�1 and �-actin mRNA expression were listed in
Table 1.

Measurement of plasma TGF-�1 concentration

The concentration of TGF-�1 in plasma was determined for
120 individuals selected from healthy subjects, 94 individu-
als from HBV patients without HCC, and 136 individuals
from HBV patients with HCC, in a double antibody sand-
wich ELISA (Jing Mei, Shanghai, China) according to the
manufacturer’s instructions.

Statistical analysis

Deviation of Hardy–Weinberg equilibrium was tested by
using the �2 test for goodness of Wt. The signiWcance of the
diVerences between the genotype and allelic frequencies in
the case and control groups were determined using 2 £ 2
tables and a standard �2 test. Association was expressed as
odds ratios (OR) as risk estimates with 95% conWdence
intervals (95% CI). �2 test was used to perform for the asso-
ciation of clinicopathologic characteristics and TGF-�1
¡509 genotypes and allelic frequencies of HCC patients
with chronic HBV infection. Power calculations were per-
formed using the software program Power And Precision
(Biostat, Inc., USA). t test was applied for the statistical
analysis of association between plasma TGF-�1 concentra-

tion or TGF-�1 mRNA expression level and genotype. All
statistical tests were two-sided, and a probability level of
P < 0.05 was considered to be statistically signiWcant. Data
analysis was done using SPSS 11.0 software (SPSS, Inc.).

Results

General characteristics of the subjects

A total of 575 local ethnic Han Chinese subjects with
chronic HBV infection and 299 healthy volunteers were
enrolled in our study. General characteristics of the subjects
are summarized in Table 2. There were no signiWcant
diVerences in terms of distributions on age and gender
within the groups. Patients with HCC had poor status of
liver function such as higher level of TBIL, ALT, AST,
�-GT, CEA, CA 19-9, and lower level of albumin, platelets.

With regard to clinicopathologic characteristics of the
HCC patients, single-tumor was found in 250 patients
(66.0%), 15 patients (4.1%) had lymph node metastasis.
Tumor diameter was <5 cm in 143 patients (37.7%). The
histologic grade of HCC was grade I–II in 41 cases, grade
III–IV in 336 cases. Tumor stage was obtained according to
the TNM criteria, 188, 53, and 120 patients was in stage I,
II, III, and only 6 patients was in stage IV. According to the
Child classiWcation, 267, 97, and 5 patients was with mild
(grade A), moderate (grade B), and severe (grade C) liver
damage, respectively.

TGF-�1 ¡509 polymorphisms of the subjects

Genotype and allelic frequencies of TGF-�1 gene polymor-
phism (rs1800469) of the patients and healthy volunteers
are presented in Table 3. The genotype distributions were
in Hardy–Weinberg equilibrium in each group studied. Of
575 patients with chronic HBV infection, 379 also had
HCC. As shown in Table 3, the CT genotype at position
¡509 of TGF-�1 gene prevailed in all three groups, the CC
and TT genotype distribution of the TGF-�1 ¡509 poly-
morphism was signiWcantly diVerent in those with HCC
and without HCC or healthy controls; the risk of HCC was

Table 1 Primer sequences for 
RFLP and real-time PCR

Primer and probe sequence

RFLP Sense: 5�-CCCGGCTCCATTTCCAGGTG-3�

Antisense: 5�-GGTCACCAGAGAAAGAGGAC-3�

QuantiWcation 
of TGF-�1 mRNA

Sense: 5�-GCGTCTGCTGAGGCTCAAG-3�

Antisense: 5�- CAAAAGATAACCACTCTGGCGA-3�

Probe: 5�-FAM-ACCAGAAATACAGCAACAATTCCTGGCGA-TAMRA-3�

QuantiWcation 
of �-actin mRNA

Sense: 5�-CCTGGCACCCAGCACAAT-3�

Antisense: 5�-GCTGATCCACATCTGCTGGAA-3�

Probe: 5�-FAM-ATCAAGATCATTGCTCCTCCTGAGCGC-TAMRA-3�
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signiWcantly lower among patients with the TT genotype or
carrying at least one T allele at position ¡509 than among
the patients with the CC genotype (P = 0.01 and 0.04,
respectively). The power based on sample size and allelic
distribution exceeds 80% when the eVect size is set at 10%
(assuming that alpha, two-tailed, is set at 0.05), indicating
that the sample size was large enough to detect association.

TGF-�1 mRNA expression in HCC patients with chronic 
HBV infection

In the real-time PCR, Xuorescence was detected in all tissue
specimens from HCC patients with chronic HBV infection
(Table 4). The mean value of TGF-�1 mRNA expression
was 0.88 (§0.60, ranged from 0.48 to 2.98) for patients

Table 2 General characteristics of the subjects

Tumor stage was obtained according to the TNM criteria

Healthy control
(n = 299)

HBV patients without
HCC (n = 196)

HBV patients with
HCC (n = 379)

P value (case vs. 
healthy control)

P value (case vs. 
disease control)

Age, median, y 55 56 58 0.56 0.38

Men, n (%) 215 (72) 143 (73) 284 (75) 0.38 0.62

Laboratory values mean (SD)

Total bilirubin, �mol/L 10.1 (2.9) 13.8 (5.8) 19.6 (11.7)

Albumin, g/L 49.4 (3.3) 46.7 (2.9) 40.3 (4.6)

Prothrombin time, s 10.2 (1.1) 10.8.3 (1.1) 11.2 (1.2)

Platelets £ 109/L 205.0 (43.1) 182.6 (52.0) 136.3 (68.4)

Alanine aminotransferase, U/L 18.9 (9.2) 26.2 (11.0) 128.9 (268.1)

Aspartate aminotransferase, U/L 20.2 (4.8) 23.2 (6.8) 130.2 (270.9)

�-Glutamyltranspeptidase, U/L 27.2 (18.9) 29.8 (28.2) 114.2 (138.2)

Carcinoembryonic antigen, �g/L 1.6 (0.9) 2.8 (1.2) 5.1 (9.2)

Carbohydrate antigen 19-9, U/mL 11.6 (8.6) 9.1 (3.9) 30.8 (39.6)

n (%)

Total bilirubin > 20 �mol/L 3 (1.0) 29 (14.8) 136 (35.9)

Alpha fetoprotein > 200 �g/L 0 (0) 0 (0) 222 (58.6)

Platelets < 100 £ 109/L 3 (1.0) 9 (4.6) 120 (31.7)

HBeAg 0 (0) 56 (28.6) 287 (75.7)

Anti HBeAg 0 (0) 155 (79.1) 130 (34.3)

Tumor number (n = 379) n (%)

Single 250 (66.0)

Multiple 129 (34.0)

Tumor size (n = 379) n (%)

<5 cm 143 (37.7)

¸5 cm 236 (62.3)

Tumor grade (n = 377) n (%)

I and II 41 (10.9)

III and IV 336 (89.1)

Tumor stage (n = 367) n (%)

I 188 (51.2)

II 53 (14.5)

III 120 (32.7)

IV 6 (1.6)

Tumor invasiveness (n = 368) n (%)

Without lymph node 353 (95.9)

With lymph node 15 (4.1)

Child-pugh grade (n = 369) n (%)

A 267 (72.4)

B 97 (26.3)

C 5 (1.3)
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with CC genotype, 0.55 (§0.42, ranged from 0.46 to 1.28)
for patients with CT genotype, and 0.28 (§0.16, ranged
from 0.04 to 0.25) for patients with TT genotype. TGF-�1
mRNA expression levels were signiWcantly higher in CC
patients than TT patients or patients carrying at least one
T allele (0.88 vs. 0.28 or 0.44; P = 0.0002 or 0.006).

TGF-�1 gene polymorphisms and plasma TGF-�1 
concentration

We assessed the plasma TGF-�1 levels of HBV patients
without (n = 94) or with HCC (n = 136) and healthy sub-

jects (n = 120). As shown in Table 5, in HBV patients with-
out or with HCC, the plasma concentration of TGF-�1 was
10.25 § 6.72 and 10.14 § 6.82 ng/ml, respectively, slightly
higher than that in healthy subjects (9.97 § 4.59 ng/ml). In
addition, the TGF-�1 concentration on plasma among dis-
ease (P = 0.26) or healthy controls (P = 0.80) did not show
any signiWcant diVerence between CC and TT genotypes at
position ¡509, however, the concentration of plasma
TGF-�1 was statistically higher in patients with CC geno-
type (12.83 § 8.72 ng/ml) than in those with TT genotype
(8.98 § 5.80 ng/ml) in the case group (P = 0.04).

TGF-�1 gene polymorphisms and clinicopathological 
characteristics

Genetic polymorphisms in the TGF-�1 gene promoter were
shown to interfere with the transcriptional activity of this
gene [10], and TGF-�1 seems to aVect the development of
HCC. Analysis of the association between a more aggres-
sive disease behavior (malignant or moderate/severe dis-
ease) and the TGF-�1 gene polymorphism is described in
Table 6. There was no signiWcant diVerence between the
distribution of genotype or allelic frequency and tumor
grade (well or moderately vs. poorly diVerentiation). How-
ever, we observed that high tumor grade was more frequent

Table 3 Genotype and allelic frequencies of TGF-�1 gene polymorphism in cases and controls

Data are presented as n (%)

TGF-�1
polymorphism

Healthy 
control
(n = 299)

HBV patients
without HCC
(n = 196)

HBV patients
with HCC
(n = 379)

Odds ratio 
(95% CI) (case
vs. healthy
control)

Odds ratio 
(95% CI)
(case vs. disease 
control)

P value 
(case vs. 
healthy
control)

P value 
(case vs. 
disease 
control)

Genotypes

CC 50 (16.7) 31 (15.8) 89 (23.5) 1 (Reference) 1 (Reference) – –

CT 156 (52.2) 101 (51.5) 198 (52.2) 0.71 (0.48–1.07) 0.68 (0.43–1.10) 0.11 0.13

TT 93 (31.1) 64 (32.7) 92 (24.3) 0.56 (0.35–0.87) 0.50 (0.30–0.84) 0.01 0.01

CT + TT 249 (83.3) 165 (84.2) 290 (76.5) 0.65 (0.45–0.96) 0.61 (0.39–0.96) 0.04 0.04

Alleles

C 256 (42.8) 163 (41.6) 376 (49.6) 1 (Reference) 1 (Reference) – –

T 342 (57.2) 229 (58.4) 382 (50.4) 0.76 (0.61–0.94) 0.72 (0.57–0.93) 0.01 0.01

Table 4 TGF-�1 mRNA expression of liver tumor tissue in HCC
patients with chronic HBV infection

* Compared with genotype CC at position ¡509, P < 0.05

TGF-�1 
polymorphism

Value P value

Mean § SD Range

Genotypes

CC (n = 21) 0.88 § 0.60 0.48–2.98 –

CT (n = 23) 0.55 § 0.42 0.46–1.28 0.10

TT (n = 16)* 0.28 § 0.16 0.04–0.25 0.0002

CT + TT (n = 39)* 0.44 § 0.29 0.04–1.28 0.006

Table 5 TGF-�1 gene polymorphisms and plasma TGF-�1 concentrations in patients and healthy controls

TGF-�1 
polymorphism

Healthy control
(n = 120)

P value HBV patients 
without HCC (n = 94)

P value HBV patients with
HCC (n = 136)

P value

Value Value Value

n Mean § SD Range n Mean § SD Range n Mean § SD Range

Genotypes

CC 24 10.43 § 5.54 1.86–28.65 – 22 11.86 § 7.81 2.34–29.38 – 26 12.83 § 8.72 2.10–36.20 –

CT 54 9.64 § 4.51 2.02–23.18 0.51 37 10.04 § 4.89 2.28–27.87 0.33 74 9.75 § 6.36 1.58–31.64 0.06

TT 42 10.13 § 4.19 2.01–28.91 0.80 35 9.46 § 7.62 1.43–36.46 0.26 36 8.98 § 5.80 2.02–24.22 0.04
123



1438 Cancer Immunol Immunother (2009) 58:1433–1440
in HCC patients with TT genotype or T allele compared
with CC genotype or C allele.

Since several previous reports addressed that the
TGF-�1 polymorphism is associated with tumor invasive-
ness and prognosis, we analyzed the possible association
between lymph node metastasis, representing tumor inva-
siveness, and TGF-�1 genotype or allelic frequency.
Among 379 HCC patients with chronic HBV infection,
lymph node status could be evaluated in 368 (97.1%)
patients. Frequencies of lymph node metastasis were 5 of
15 (33.3%) in HCC patients with CC genotype, 8 of 15
(53.3%) in HCC patients with CT genotype and 2 of 15
(13.3%) in patients with TT genotype. There was still no
signiWcant diVerence in both the distribution of genotype or
allelic frequency between HCC patients without and with
lymph node metastasis. Since lymphatic metastasis can be
largely inXuenced by tumor stage, we analyzed the associa-
tion between TGF-�1 genotype and tumor stage according
to the TNM criteria (Table 6). However, both the distribu-
tion of genotype or allelic frequency were similar between
TNM I and II group versus TNM III and IV group
(P = 0.76 for genotype and P = 0.76 for allele) or TNM I
group versus II, III and IV group (P = 0.89 for genotype
and P = 0.88 for allele).

Finally, we stratiWed patients according to the Child
classiWcation. In 369 HCC patients, the severity of liver
damage was very similar in patients with C and T allele,

without statistical signiWcance (P = 0.22). However, we
found a signiWcant association between TGF-�1 genotype
and liver damage (Table 6). We also found that the TGF-�1
¡509T allele is in non-signiWcantly higher numbers in
multiple-tumor HCC patients compared with single-tumor
population.

Discussion

HCC is the major primary liver cancer. It is the Wfth most
common cancer and the third cause of cancer-related death
worldwide. The estimated annual number of cases exceeds
500,000. The main risk factors for HCC are cirrhosis of any
etiology, but mainly due to HBV, HCV, and chronic alco-
hol consumption. In Eastern Asia, Middle, and Western
Africa where HBV infection is hyperendemic, HCC is a
public health problem and the incidence is more than 20 per
100,000 per year. The incidence of HCC depends on
several factors, including age over 50 years, male sex,
etiology, and severity stage of the cirrhosis [5]. Anyway,
genetic factors are likely to modify the risk of HCC; how-
ever, the genetic factors that determine progression to HCC
remain mostly to be investigated.

TGF-�1 regulates cell growth, diVerentiation, and func-
tion. It is a multifunctional cytokine known to induce the
expression of collagen genes and to provoke extracellular

Table 6 Clinicopathological characteristics and TGF-�1 ¡509C>T genotype and allelic frequencies of HCC patients with chronic HBV infection

Genotype P value Allele P value

CC CT TT CT versus CC TT versus CC C T

Tumor number

Single 59 (23.6) 135 (54.0) 56 (22.4) 0.79 0.54 253 (50.6) 247 (49.4) 0.49

Multiple 30 (23.3) 63 (48.8) 36 (27.9) 123 (47.7) 135 (52.3)

Tumor size

<5 cm 36 (25.2) 77 (53.8) 30 (21.0) 0.90 0.28 149 (52.1) 137 (47.9) 0.82

¸5 cm 53 (22.4) 121 (51.3) 62 (26.3) 227 (53.0) 201 (47.0)

Tumor grade

I and II 14 (34.2) 21 (51.2) 6 (14.6) 0.24 0.06 49 (59.8) 33 (40.2) 0.06

III and IV 74 (22.0) 176 (52.4) 86 (25.6) 324 (48.2) 348 (51.8)

Tumor stage

I and II 54 (22.4) 129 (53.5) 58 (24.1) 0.34 0.76 237 (49.2) 245 (50.8) 0.76

III and IV 33 (26.2) 61 (48.4) 32 (25.4) 127 (50.4) 125 (49.6)

I 44 (23.4) 97 (51.6) 47 (25.0) 1.00 0.89 185 (49.2) 191 (50.8) 0.88

II and III and IV 43 (24.0) 93 (52.0) 43 (24.0) 179 (50.0) 179 (50.0)

Tumor invasiveness

Without lymph node 82 (23.2) 182 (51.6) 89 (25.2) 0.55 0.27 346 (49.0) 360 (51.0) 0.27

With lymph node 5 (33.3) 8 (53.3) 2 (13.3) 18 (60.0) 12 (40.0)

Child-pugh grade

A 60 (22.5) 152 (56.9) 55 (20.6) 0.07 0.27 272 (50.9) 262 (49.1) 0.22

B + C 27 (26.5) 39 (38.2) 36 (35.3) 93 (45.6) 111 (54.4)
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matrix Wbrosis [10]. In the past decades, with the identiWca-
tion of SNPs within the TGF-�1 gene, much eVort had been
made to determine the correlation between host genetic
background and liver disease, including liver Wbrosis and
cirrhosis [6, 19, 20]. Our previous study show that no poly-
morphism at codon25, 263 or positions ¡800, ¡988 in Chi-
nese, and a complete linkage disequilibrium was shown
between ¡509 and codon10, therefore, we focused on
whether ¡509C>T exchange in TGF-�1 gene is associated
with susceptibility to and/or clinicopathologic characteris-
tics of HBV-related HCC in Chinese samples.

Results of this study strongly suggest that TGF-�1 gene
single-nucleotide polymorphism analysis and plasma
TGF-�1 or TGF-�1 mRNA of liver tumor tissue measure-
ments may serve as novel markers for the occurrence of
HCC in patients with chronic HBV infection in Chinese.
However, in a subsequent analysis of the association
between the polymorphism and clinicopathological charac-
teristics including tumor number, size, grade, stage, and
invasiveness, there was no signiWcant diVerence in both the
distribution of genotype or allelic frequency within HCC
patients, indicating that although ¡509C>T exchange in
TGF-�1 gene was associated with susceptibility to HBV-
related HCC, it had little inXuence on the progression of
HCC. This fact is not unexpected since HCC is a multifac-
torial disease whose development is dependent on several
genetic and environmental factors.

The control mechanisms of the TGF-�1 concentration in
plasma are poorly understood. Evidences show that the con-
centration of active TGF-�1 may be predominantly under
genetic control. Grainger et al. [7] have observed that the
¡509C>T polymorphism is signiWcantly associated with
the TGF-�1 plasma concentration. In their study, the pres-
ence of the T allele at ¡509 is associated with higher con-
centrations of TGF-�1 and this increase in concentration is
higher among individuals homozygous for T than in hetero-
zygotes, suggesting a dose-response eVect of the T allele on
circulating concentrations of TGF-�1. In our study, the
exact opposite was found suggesting that the presence of a
C rather than a T residue at position –509 of the TGF-�1
gene may lead to higher plasma TGF-�1 in HCC patients
with chronic HBV infection in Chinese samples. This might
be the reason to explain why the TGF-�1 ¡509C>T TT
genotype may confer protection from HBV-related HCC.
However, the reason for the apparent discrepancy on the
genetic control of plasma TGF-�1 remains unclear. It might
be attributable to the diVerence in genetic backgrounds and
environmental factors of the study subjects.

In conclusion, our data support the hypothesis that TGF-
�1 polymorphisms contribute to the occurrence of HCC in
patients with chronic HBV infection, and this eVect may
carry out through the modiWcation of plasma TGF-�1 or
liver tumor tissue TGF-�1 mRNA levels. However, this

polymorphism may not contribute to the progression of
HBV-related HCC in Chinese population.
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