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Abstract
Objective: To investigate the expression and correlation of transforming growth factor-β1
(TGF-β1) and fibroblast growth factor receptor 4 (FGFR4) in human hepatocellular carcinoma
(HCC) and the relationship with clinicopathological features and prognosis.
Materials and methods: The expression of TGF-β1 and FGFR4 in 126 HCC samples was detected immunohistochemically. Combined with clinical postoperative follow-up data, the expression of TGF-β1 and FGFR4 in HCC and the relationship with the prognosis of patients were analyzed by statistically.
Results: The positive expression rate of TGF-β1 was 84.1% (106/126) in tumors, and that in
peritumoral liver tissues was 64.3% (81/126); the positive expression rate of FGFR4 in tumors was
74.6% (94/126) and that in peritumoral liver tissues was 57.1% (72/126). The expression of TGF-β1
and FGFR4 in the carcinoma tissues was significantly higher than that in peritumoral liver tissues (p
< 0.05). Intratumoral TGF-β1 and FGFR4 expression was associated with TNM stage (p < 0.05).
TGF-β1 and FGFR4 expression levels didn’t significantly correlate with other clinicopathological
parameters, including age, sex, tumor size, serum AFP level, tumor differentiation, lymph node
metastasis, etc. (p > 0.05). TGF-β1 expression was positively correlated with FGFR4 expression (r
= 0.595, p < 0.05). Patients with positive FGFR4 or TGF-β1 expression had shorter overall survival
compared with negative expression (p < 0.05).
Conclusions: The expression of TGF-β1 and FGFR4 could make synergy on the occurrence and
progression of HCC, and may be used as prognosis indicators for HCC patients.
Key words: TGF-β1, FGFR4, hepatocellular carcinoma, immunohistochemistry, prognosis.

Introduction
Hepatocellular carcinoma (HCC), which is the
sixth most common cancer in terms of its incidence
rate and the third most common cause of cancer-related deaths globally, is responsible for about
600,000 deaths annually [1]. The five-year survival

rate of this cancer is merely 7%. Curative therapies of
surgical treatment, including hepatic resection and
liver transplantation, improve the chances of survival
of patients with HCC [2-4]. However, a limited number of patients can be treated with surgery because of
http://www.medsci.org
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the damage to liver function. The prognosis for most
patients remains poor after surgery for multicentric
recurrence and extrahepatic metastasis [5-6]. This
disappointing outcome clearly indicates that the current knowledge regarding diagnosis, prevention, and
treatment of liver cancer is insufficient, which
strongly suggests a pressing need for further innovative research to control this devastating disease.
Transforming growth factor-β1 (TGF-β1) has
been described as a prototypical multifunctional cytokine, participating in the regulation of vital cellular
processes such as cell proliferation, differentiation
and angiogenesis as well as a number of basic physiological functions including tissue development,
immunosuppression and extracellular matrix formation. Recently, another essential function of
TGF-β1 that has come to light is its role as a tumor
suppressor in various types of cells. Research has
demonstrated that TGF-β1 plays a dual role in mouse
skin carcinogenesis as well as in other human and
murine cancer models [7-11]. However, TGF-β1 has
also been shown to facilitate the epithelial-to-mesenchymal transition of hepatocytes that in
turn participates in the progression of liver fibrosis
[12]. The effect of TGF-β1 in different tumors and
tumor cell strains is complex due to the specific environment of the cell and the underlying mechanisms
are unclear.
Members of the FGF receptor (FGFR) family of
receptor tyrosine kinases are of tremendous significance in a variety of human cancers. FGFR4 is overexpressed in malignant melanoma [13], breast cancer
[14], renal cell carcinoma [15] and hepatocellular carcinoma (HCC) [16]. Although its role in oncogenesis
remains to be fully elucidated, several findings provide evidence for a modulatory role of FGFR4 in HCC
development and progression. FGFR4 is the predominant FGFR isoform present in human hepatocytes [17]. High FGFR4 transcript levels have also
been previously reported in liver tissue [18]. Together,
these findings suggest that FGFR4 may be a novel
therapeutic target in the diagnosis and treatment of
this disease.
Both TGF-β1 and FGFR4 could promote the invasiveness and metastasis of tumor only under the
specific cell surroundings. Whether or not these two
molecules exist some relationship, there have no report about it. In the present study, we first hypothesized the role of combined expression of two kinds of
oncoproteins, TGF-β1 and FGFR4, in the genesis and
development of liver cancer. This study was designed
to determine the expression levels of TGF-β1 and
FGFR4 in HCCs and adjacent normal tissues by immunohistochemistry in order to assess their relationship. We further investigated the relationship be-
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tween TGF-β1 and FGFR4 expression and the presence of clinicopathological pathological features. At
the same time we sought to predict the prognosis of
HCC from the results.

Materials and methods
Patients and specimens
Cancerous tissues and surrounding noncancerous hepatic parenchyma were obtained from 126
primary HCC patients who underwent curative resection surgery at the Second Affiliated Hospital of
Wenzhou Medical College Yuying Children's Hospital, from January 2002 to December 2007. Approval
for all studies was obtained from the Second Affiliated Hospital of Wenzhou Medical College, Yuying
Children's Hospital Ethics Committee. Informed
consent was obtained from all patients prior to sample
collection. For inclusion, patients required suitable
formalin-fixed, paraffin-embedded tissue specimens
and complete clinicopathologic and follow-up data.
Samples were obtained from 92 men and 34 women
aged 29–80 years. Tumors were staged according to
the tumor, lymph node, and metastasis (TNM) classification system of the 2002 International Union
against Cancer. The histologic grade of tumor differentiation was assigned using the Edmondson grading
system. Tumor size was based on the largest dimension of the tumor specimen. Vascular invasion was
determined by microscopic examination of the resected specimen. In the corresponding noncancerous
parenchyma, cirrhosis was found in 50 patients (40%).
Detailed clinicopathologic features of the HCC cases
are shown in Table 1.

Immunohistochemical staining
An immunohistochemical analysis was performed on paraffin-embedded sections using the
Elivision plus system (Maixin Bio, Fuzhou, China)
following the manufacturer’s instructions. The sections were boiled in retrieval solution to expose the
antigens. Rabbit anti-human TGF-β1 polyclonal antibody (Maixin Bio, Fuzhou, China), rabbit anti-human
FGFR4 polyclonal antibody and mouse anti-human
FGF19 monoclonal antibody (Santa Cruz Biotechnology, Santa Cruz, CA, USA) were applied as primary
antibodies to the sections at a dilution of 1:50. The
section slides were incubated with primary antibodies
overnight at 4 ºC and then washed to remove excess
antibody with phosphate-buffered saline (PBS). The
Elivision plus system was used to detect bound antibodies. Reaction products were visualized by incubation with 3, 3’-diaminobenzidine. Sections were dehydrated, counterstained with hematoxylin, and
mounted. Negative controls were treated identically
http://www.medsci.org
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except that the primary antibody was replaced by
PBS.

Immunohistochemical scoring
Immunohistochemical results for TGF-β1 and
FGFR4 were evaluated by two investigators separately in all the specimens in a blinded manner. The
positive signals of TGF-β1 and FGFR4 expression
stained yellow or brown, mainly in the cytoplasm.
Buffy staining of the cell membrane, cytoplasm or
nuclei was positive for each of them. We randomly
selected ten high-power fields (magnification, ×400;
100 cells/high-power field) and counted 1, 000 cells in
each core [20]. The percentage of positive tumor cells
was determined by each observer, and the average of
the two scores was calculated. In this study, the percentage of positive cells expressing TGF-β1 and
FGFR4 were categorized as follows: < 10% (-) and ≥
10% (+) for TGF-β1 [21], < 30% (-) and ≥ 30% (+) for
FGFR4 [22].

survival curves were obtained from the date of operation to the last visit or death. A Cox proportional
hazards regression model was used for multivariate
analysis of survival. All statistical analyses were performed with SPSS 15.0 software (SPSS Inc, Chicago,
IL, USA). P values of less than 0.05 were considered
statistically significant.

Statistical analysis
The Pearson Chi-square test or Fisher’s exact test
was used to compare categorical variables; and correlation between TGF-β1 and FGFR4 was evaluated
using the Spearman rank correlation coefficient test.
Using the method described by Kaplan-Meier, overall

Results
Clinicopathological data
Among the 126 patients studied, 92 (73%) were
men and 34 (27%) were women, with a mean age of
55.8 years (range, 29 to 80 years). 41 (32.5%) of the
studied tumors were classified as well differentiated
HCC, 61 (48.4%) as moderately differentiated, and 24
(19.1%) as poorly differentiated. There were 24 cases
(19%) of lymph node metastasis and 35 cases (27.8%)
of vascular invasion. 78 cases (61.9%) had TNM stage I
- II, and 48 cases (38.1%) had TNM stage III – IV.
Based on the MRI examination, 75 cases were categorized as small tumor (tumor size < 5 cm) and 51 were
large tumor (tumor size ≥5 cm). The follow-up period
was defined as the interval from the date of operation
to that of the last visit or the patient’s death. Deaths
from other causes were treated as censored cases.

Table 1. Correlations between of TGF-β1 and FGFR4 expression and clinicopathologic features.
Clinicopathological
parameters
Age (55.83±12.97)
< 56 years
≥ 56 years
Gender
Male
Female
Tumor size
< 5 cm
≥ 5 cm
AFP
< 20 ng / ml
≥ 20 ng /ml
Tumor Differentiation
Well
Moderately
Poorly
lymph node metastasis
Present
Absent
Vascular invasion
Present
Absent
TNM stage
I-II
III-IV

n

Expression of TGF-β1
positive
negative
(n=106)
(n=20)

58
68

46
60

12
8

1.867

0.172

40
54

92
34

81
25

11
9

3.916

0.048

75
51

61
45

14
6

1.083

93
33

80
26

13
7

41
61
24

32
52
22

χ2

P

Expression of FGFR4
positive
negative
(n=94)
(n=32)

χ2

P

18
14

1.803

0.179

72
22

20
12

2.407

0.121

0.298

52
42

23
9

2.716

0.099

0.954

0.329

70
24

23
9

0.083

0.773

9
9
2

2.196

0.334

30
43
21

11
18
3

2.674

0.263

0.197

19
75

5

0.326

0.568

24
102

23
93

1
19

1.661

35
91

33
73

2
18

3.745

0.053

28
66

7
25

0.745

0.388

78
48

59
47

19
1

10.954

0.001

53
41

25
7

4.747

0.029

27
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Immunohistochemical analysis
TGF-β1 and FGFR4 were localized mainly in the
cytoplasm of tumor cells or hepatocytes. Most of the
stroma cells were negative for anti-TGF-β1 and anti-FGFR4 staining, although sporadic positive staining
on these cells was also observed (Fig. 1C, Fig. 1F).
TGF-β1 was also partly expressed in fibroblastic cells.
Of the 126 samples, 106 (84.1%) samples showed high
intratumoral and 81 (64.3%) samples high peritumoral
TGF-β1 expression (Table 2). There was intratumoral
FGFR4 expression in 94 (74.6%) samples and peritumoral expression in 72 (57.1%) samples (Table 3). Both
Fig. 1 and Fig. 2 show the results of TGF-β1 and
FGFR4 staining, respectively, of intratumoral and
peritumoral tissue. The expression of TGF-β1 and
FGFR4 in the carcinoma tissues was significantly
higher than that in peritumoral liver tissues (p < 0.05).
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Table 2. Expression of TGF-β1 in cancer tissues and paracancer
tissues.
Group

n

Paracancer Tissues
Cancer Tissues

126

χ2
P
Expression of TGF-β1
Positive Negative Positive rate
(%)
81
45
64.29
12.958 0.000

126

106

20

84.13

Table 3. Expression of FGFR4 in cancer tissues and paracancer
tissues.
Group

n

Paracancer Tissues
Cancer Tissues

126

Expression of FGFR4
Positive
Nega- Positive
tive
rate (%)
72
54
57.14

126

94

32

χ2

P

8.544 0.003

74.60

Fig 1. Immunohistochemical staining of TGF-β1 and FGFR4 in liver cancer tissues. No staining was detected for (A) TGF-β1 and (B) FGFR4 in the blank
control group. (C) Weak cytoplasmic staining of TGF-β1 in tumor cells and some stromal cells. (D) Weak FGFR4 staining in tumor cells. (E) High TGF-β1
staining in tumor cells. (F) High FGFR4 staining in tumor cells and weak staining in stromal cells. (Arrowhead indicated the tumor cells and arrow indicated
the stromal cells). (All photos are shown at × 400 magnification).

http://www.medsci.org
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Fig 2. Comparison of the immunostaining patterns between (A) TGF-β1 and (B) FGFR4 in liver cancer tissues (× 100).

Fig 3. Kaplan- Meier curves with univariate analyses (log- rank) for patients with (A) negative TGF-β1 expression versus positive TGF-β1 expression and
(B) negative FGFR4 expression versus positive FGFR4 expression in hepatocarcinoma patients.

Correlations between TGF-β1 and FGFR4
expression and clinicopathologic features

Correlations between TGF-β1 and FGFR4
expression and prognosis

Univariate analysis suggested that staining with
TGF-β1 bore no relation to age and sex (p > 0.05);
while the expression of FGFR4 also showed no significantly higher levels in older patients than in
younger patients (p > 0.05). We also found that
TGF-β1 and FGFR4 had no significant correlation
with other prognostic factors, such as tumor size, serum AFP level, tumor differentiation, lymph node
metastasis and vascular invasion (p > 0.05). In contrast, an association was apparent between TGF-β1
and FGFR4 staining and disease stage (Table 1). Tumors of patients with high TGF-β1 and FGFR4 expression levels were more likely to be at a higher
TNM stage (p = 0.001 and 0.029, respectively).

The five year survival rate for TGF-β1 negative
expression was 45.6%, median survival time was 50.4
months. The five year survival rate for TGF-β1 positive expression was 8.5%, median survival time was
32.3 months. Patients with positive TGF-β1 expression
had shorter OS compared to those with negative
TGF-β1 expression according to the Kaplan-Meier
analyses (p < 0.05) (Fig. 3A).
The five year survival rate for FGFR4 negative
expression was 70.1%, median survival time was 51.2
months. The five year survival rate for FGFR4 positive
expression was 8.3%, median survival time was 29.4
months. Survival analyses using the Kaplan-Meier
method showed that patients with positive FGFR4
expression had shorter overall survival (OS) compared to those with negative FGFR4 expression (p <
0.05) (Fig. 3B).
http://www.medsci.org
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Multivariate analysis of clinicopathological
paramaters and prognosis
The factors with possible prognostic effects in
hepatocarcinoma were analyzed by Cox regression
analysis. The study revealed that vascular invasion
(p= 0.003), expression of TGF-β1 (p= 0.002) and FGFR4
(p= 0.001) were independent prognostic factors of
patients with hepatocarcinoma (Table 4). However,
age, sex, tumor size, serum AFP level, tumor differentiation, lymph node metastasis, and TNM stage had
no prognostic value.
Table 4. Multivariate analysis of hepatocarcinoma patients
prognosis.
Vasular invasion
TGF-β1
FGFR4

B
2.014
3.313
2.616

SE
0.320
0.786
0.687

Wald
8.217
11.841
10.624

df
1
1
1

Sig
0.003
0.002
0.001

Exp (B)
8.115
10.226
9.337

Association among expression of TGF-β1 and
FGFR4
Ninety one hepatocarcinoma cases had positive
expression of both TGF-β1 and FGFR4, and seventeen
hepatocarcinoma cases had negative expression of

both TGF-β1 and FGFR4. Correlation analysis of these
potential biomarkers revealed that intratumoral
FGFR4 correlated with high intratumoral TGF-β1 expression (r = 0.595, p < 0.05) (Table 5). We also detected
the
outcomes
of
TGF-β1-positive/
FGFR4-positive,
TGF-β1-positive/FGFR4-negative,
TGF-β1-negative/FGFR4-positive,
and
TGF-β1negative/FGFR4-negative hepatocarcinoma patients,
and we found that there was a significant difference in
overall comparisons (X2= 34.7, p= 0.000, Fig 4). The
mean survival time were 30.2±1.76 months for
TGF-β1-positive/FGFR4-positive group, 43.3±5.44
months
for
TGF-β1-positive/FGFR4-negative,
39.5±3.32 months for TGF-β1-negative/FGFR4positive, 50.2±3.91 months for TGF-β1-negative/
FGFR4-negative, respectively.
Table 5. The relationship between TGF-β1 and FGFR4 expression in HCCs.
n

FGFR4 expression
Positive
Negative
(n=94)
(n=32)

r**

P*

106
20

91
3

0.595

0.000

TGF-β1 expression
Positive
Negative

15
17

* X2 test; ** Spearman rank correlation coefficient.

Fig 4. Kaplan- Meier curves with univariate analyses (log- rank) for patients with TGF-β1-positive/FGFR4-positive, TGF-β1-positive/FGFR4-negative,
TGF-β1-negative/FGFR4-positive, and TGF-β1-negative/FGFR4-negative hepatocarcinoma patients.

http://www.medsci.org
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Discussion
HCC has the worst prognosis among all major
cancers. This could be due to the fact that no effective
methods of early diagnosis are currently available as
well as the lack of effective therapies, resulting in high
mortality of patients diagnosed with HCC. Recent
molecular investigations have suggested that molecular targeting can be a powerful therapeutic device
for treating human malignancies, including liver
cancer. Molecular targeting medicines appear to hold
great potential in treating liver cancer [19]. We show
here that the expression of TGF-β1 and FGFR4 is elevated in liver cancer, as compared to normal tissues.
These findings provide evidence for the modulatory
roles of TGF-β1 and FGFR4 in HCC progression and
suggest that TGF-β1 and FGFR4 may be important
and novel therapeutic targets in treating HCC.
Transforming growth factor β (TGFβ) is a multifunctional cytokine that regulates the proliferation
and differentiation of various types of cells. Three
subtypes of TGF-β receptor, including TβR-1, TβR-2
and TβR-3, have been identified. TGF-β binds to TβRs
(serine/threonine kinase receptors), which mediate
the intracellular activation of signal transduction
pathways through Smad proteins. Studies demonstrated that the TGF-β and its receptor are associated
with tumors, and TGF-β1, as a prototypic member of
the TGF-β superfamily of signaling molecules, is involved in the regulation of cell growth and differentiation, angiogenesis, immunosuppression, extracellular matrix formation, fibrogenesis, and tumorigenesis [23-24]. The effect of TGF-β1 in tumors is complex,
TGF-β1 is considered as a tumor suppressor gene in
the initial stage of tumorigenesis, and growth inhibition by the TGF-β1 has been extensively studied in
diverse cell types. TGF-β1 can selectively induce tumor cell-cycle arrest and apoptosis in hepatic cells
[25-27]. However, TGF-β1 can enhance growth in the
progression of late stage tumors and the possible
mechanisms for these growth-enhancing effects includes induced immunosuppression, enhanced angiogeness, and increased peritumoral stroma formation. Li et al reported that TGF-β1 affects both proliferation and apoptosis of GC cells through the regulation of p15 and p21, and induces the transient expression of Smad 7 as a negative feedback modulation
of TGF-β1 signaling [28]. The ability of TGF-β1 to induce apoptosis depends to some extent upon the cellular concentration of various TGF-β1 receptors [29].
Nevertheless, the possible role of TGF-β1 signaling in
the simultaneous modulation of HCC proliferation
and apoptosis remains unclear.
In our study, TGF-β1 was mainly localized in the
cytoplasm of HCC cells, staining yellow or brown. A
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significant difference was observed between TGF-β1
expressions levels in HCC and matched peritumoral
tissues. TGF-β1 expression was related to tumor grade
and pathological stage, but not to age, sex and tumor
size. These results showed that the expression of
TGF-β1 increased with the increase of tumor grade.
Hence, TGF-β1 is not only a growth suppression factor but also has a strong ability to suppress immunity.
Fibroblast growth factors (FGFs) orchestrate a
variety of signaling molecule functions by binding to
and activating their transmembrane tyrosine kinase
receptors (FGFRs). FGFRs have a conserved structure
comprising three extracellular immunoglobulin (Ig)
domains, a single-pass transmembrane domain and a
cytoplasmic tyrosine kinase domain [30]. The
FGF/FGFR signaling system plays important roles in
cell proliferation, migration, differentiation, morphogenesis, and angiogenesis. FGFR4 is one of the members of the FGFR family that is associated with tumor.
Several lines of evidence support this hypothesis that
FGFR4 may play an important role in hepatocellular
carcinoma. FGFR4 is the predominant FGFR isoform
present in human hepatocytes [17]. FGF19 as a high
affinity, heparin-dependent ligand for FGFR4 shows
exclusive binding to FGFR4. FGF19-induced hepatocyte proliferation has been reported to be uniquely
mediated by FGFR4 [31]. It is suggested that
FGF19/FGFR4 system plays a critical role in HCC
progression [32]. Our findings also showed that the
expression of FGFR4 correlate with the prognosis of
hepatocarcinoma. We estimated that the detailed
mechanism by which FGF19/FGFR4 contributes to
the poor prognosis of patients with HCC maybe correlate with TGF-β1 signaling. Previous research reported that liver tissue has the highest FGFR4 and
KLB transcript levels, and both of these proteins are
essential for ligand-stimulated activity by this signaling system [18]. But the role of FGFR4 in oncogenesis
is controversial. Some researchers have reported that
FGFR4 contributes significantly to HCC progression
by modulating α-fetoprotein (AFP) secretion, proliferation, and anti-apoptosis [16]. However in this
study, the expression of FGFR4 in HCCs was not significantly correlated to serum AFP levels. Other lines
of evidence suggest that the resident hepatocyte
FGFR4 is a candidate for limiting hepatoma progression rather than promoting it. The overexpression of
FGFR4 is related to an increase in apoptosis and better
prognosis [33]. It is possible that contextual factors
including the identity and concentration of ligand, as
well as the levels of FGFRs and co-receptor expression, might modulate the role of FGFR4 in tumorigenesis.
In particular, our study provides correlations
between FGFR4 and TGF-β1 in hepatocarcinoma tishttp://www.medsci.org
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sues. Positive expression of FGFR4 or TGF-β1 could
affect the survival of HCC patients. Univariate and
multivariate analyses revealed both TGF-β1 and
FGFR4 to be the independent prognostic factors in
HCCs. It is reported that NSCLC cell lines which induced by TGF-β could exhibit FGFR1 expression [34].
Here we estimated the crosstalk between FGFR4 and
TGF-β1 in hepatocarcinoma. The molecular rationale
under the connection need to be further explored.
On the whole, we have demonstrated that intratumoral TGF-β1 and FGFR4 expression may be
correlated with postoperative survival and relapse in
patients with HCC. Our findings suggest that these
two proteins may be potential targets for adjuvant
therapy. Because the present study was retrospective,
the results need to be further validated in future
prospective studies.
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