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Abstract

AIM: To explore the role of transforming growth factor-
betal (TGF-B1)-smad signal transduction pathway in
patients with hepatocellular carcinoma.

METHODS: Thirty-six hepatocellular carcinoma speci-
mens were obtained from Qidong Liver Cancer Institute
and Department of Pathology of the Second Affiliated
Hospital of Nanjing Medical University. All primary anti-
bodies (polyclonal antibodies) to TGF-B1, type II Trans-
forming growth factor-beta receptor (TBR-1T), nuclear fac-
tor-kappaB (NF-kB), CD34, smad4 and smad7, secondary
antibodies and immunohistochemical kit were purchased
from Zhongshan Biotechnology Limited Company (Bei-
jing, China). The expressions of TGF-B1, TBR-II, NF-
kB, smad4 and smad7 proteins in 36 specimens of
hepatocellular carcinoma (HCC) and its adjacent tissue
were separately detected by immunohistochemistry to
observe the relationship between TGF-1 and TBR-1I,
between NF-kB and TGF-B1, between smad4 and smad7
and between TGF-B1 or TBR-IIand microvessel density
(MVD). MVD was determined by labelling the vessel
endothelial cells with CD34.

RESULTS: The expression of TGF-B1, smad7 and MVD
was higher in HCC tissue than in adjacent HCC tissue
(P<0.01, P<0.05, P<0.01 respectively). The expression
of TBR-IIand smad4 was lower in HCC tissue than in
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its adjacent tissue (P<0.01, P<0.05 respectively). The
expression of TGF-B1 protein and NF-kB protein was
consistent in HCC tissue. The expression of TGF-f1 and
MVD was also consistent in HCC tissue. The expression
of TPR-IIwas negatively correlated with that of MVD in
HCC tissue.

CONCLUSION: The expressions of TGF-f1, TBR-1I,
NF-kB, smad4 and smad7 in HCC tissue, which are ma-
jor up and down stream factors of TGF-B1-smad signal
transduction pathway , are abnormal. These factors are
closely related with MVD and may play an important role
in HCC angiogenesis. The inhibitory action of TGF-B1 is
weakened in hepatic carcinoma cells because of abnor-
mality of TGF-B1 receptors (such as TBR-1I) and postre-
ceptors (such as smad4 and smad7). NF-kB may cause
activation and production of TGF-B1.
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INTRODUCTION

Hepatocellular carcinoma is one of the most common
malignant tumors in the world. Recent studies have
demonstrated that the key factor of invasiveness and
metastasis of HCC is neovascularization. There are two
kinds of factors in adjusting neovascularization, one is
positive adjusting factors, such as vascular endothelial
cell growth factor (VEGF), hepatocellular growth
factor(HGF), transforming growth factor alpha (TGF-«),
epidermal growth factor (EGF). The other kind includes
negative adjusting factors, such as transforming growth
factor beta (TGF-p). Synthesis of TGF is adjusted
by nucleus transcription factors, such as NF-»B. This
study was designed to investigate the significance and
mechanism of TGF-B1-smad signal transduction pathway
in hepatocellular carcinoma (HCC).
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Table 1 Expressions of TGF-31,TBR-Il1 in HCC and its adjacent tissue (mean =+ SD)

TGF-p1 TRR-1I
n Average optical density Positive area (%) n Average optical density Positive area (%)
(OD) (OD)
HCC tissue 24 0.0704+0.0116" 63. 08+12.91° 18 0.0406+0.0121° 31.33216.35"
Adjacent tissue 24 0.0462+0.0110 24.04+16.68 18 0.0639+0.0129 58.33+11.48

+=7.39, “P<0.01 vs adjacent tissue; t=9.24, *p<0.01 vs adjacent tissue; +=5.58, ‘P<0.01 vs adjacent tissue; t=5.74, 4p<0.01 vs adjacent tissue.

Figure 1 Expression of TGF-B1 (A), TBR-1I (B) and MVD (C) in HCC and its adjacent tissue.

MATERIALS AND METHODS

Materials

Thirty-six HCC specimens were obtained from Qidong
Liver Cancer Institute and Department of Pathology
of the Second Affiliated Hospital of Nanjing Medical
University. All primary antibodies (polyclonal antibodies)
to TGF-B1, TER-1I, NF-»B, CD34, smad4 and smad7 and
secondary antibodies were purchased from Zhongshan
Biotechnology Limited Company (Beijing, China).

Methods

Each specimen was cut into 4-um thick sections. Tissue
wax sections were unfolded on glass sheet. Immunobhis-
tochemistry (strepolin-biotin-peroxidase method) was
used to detect the expression of TGF-$1,TER-II, NF-»B,
CD34, smad4 and smad7. Briefly, paraffin-embedded tis-
sue sections were dewaxed, treated with 3%H20:2 at 37 °C,
washed with PBS, incubated with TGF-g1,T8R-II, NF-
»B, CD34, smad4 and smad7 antibodies separately, washed
with PBS for 15 min, incubated again with strepolin-biotin
-peroxidase at 37 °C. Finally, the sections were washed
with PBS for 15 min, visualized with DAB reagent and
counterstained with hematoxylin. Negative and positive
controls were used simultaneously to ensure specificity and
reliability of the staining process. The negative controls
were incubated with PBS instead of primary antibody and
a positive section supplied by the manufacturer of the
staining kit was taken as positive control. Sections were
observed under microscope after being mounted. All
positive sections were analyzed with RY2000 analysis sys-
tem. Microvessel density (MVD) was measured as previ-
ously described . High vessel density was found in 100x
sights. Microvessels in five regions were counted in 400X
sights, the average of microvessels with CDD34 staining in

five regions was calculated as MVD.

Result judgement

The buffy staining of cell membrane, plasma or nuclei was
considered positive staining of TGF-81, TBR-II, NF-
#B, smad4 and smad7 (Figures 1A and 1B). Positive stain-
ing of CD34 was considered as microvessels (FigurelC).

Statistical analysis

The data were expressed as mean £ SD. Chi-square test and
# test were used. P<0.05 was considered statistically signifi-
cant. Kappa value was regarded as consistency degree.

RESULTS

Expressions of TGF-B1 and TBR-Il in HCC and its adjacent
tissue

Different expressions of TGF-1, TBR-II were observed
in HCC and its adjacent tissue. There was a significant
difference in the positive expressions of TGF-$1, TER-II
between HCC and its adjacent tissue (Table 1).

Relationship between expressions TGF-1 and TBR-Il in
HCC tissue

The positive expression rate of both TGF-31 and TBR- 11
was 27.78% (10/36) and their negative expression rate was
11.11% (4/36). The total rate was 38.89% (14/36). The dis-
crepancy between expressions of TGF-$1 and TER-1I was
61.11% (22/36). The consistency degree in statistical test
was weak (kappa=0.25) (Table 2).

Comparison of MVD in HCC and its adjacent tissue
The MVD was higher in HCC tissue than in its adjacent
tissue. There was a significant difference in MVD between
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TGF-p1 Total n MVD
+ = HCC tissue 36 32.45+10.62
+ 10 8 18 Adjacent tissue 36 4.62+1.67
TBR-1I
- 14 4 18
Total 24 12 36

HCC and its adjacent tissue (P<0.01, Table 3).

Relationship between MVD in HCC tissue and expression
of TGF-B1 or TBR-11

The MVD in HCC tissue was higher in positive expres-
sion group of TGF-B1 than in negative expression group
of TGF-$1. The difference was significant between the
two groups (P<0.05). The MVD in HCC tissue in positive
expression group of TBR- I] was lower than in negative ex-
pression group of TBR-II. The difference was significant
between the two groups (P<0.01)

Relationship between expression of TGF-1 and NF-kB in
HCC tissue

Among the 36 specimens, 19 (52.78%) had positive ex-
pression of TGF-81 and NF-xB in HCC tissue. The nega-
tive expression rate of TGF-81 and NF-«B was 22.22%
(8/36)in HCC tissue. The consistent rate of TGF-$1 and
NF-xB was 75.00% (27/36).

Expressions of smad4 and smad7 in HCC and its adjacent
tissue

The positive expression rate of smad4 in HCC and its
adjacent tissue was 19.44% (7/36) and 75.00% (21/28)
respectively. There was a significant difference between
them (P<0.01). The positive expression rate of smad7 in
HCC tissue and its adjacent tissue was 63.89% (23/36) and
35.71% (10/28) respectively. There was a significant differ-
ence between them (P<0.05).

DISCUSSION

Tumor growth, invasion, metastasis depend on
angiogenesis. Through its vessels, tumor can obtain rich
nutrients and secrete tumor cells, resulting in tumor
growth and metastasis. MVD of tumor is a valid marker
to reflect tumor angiogenesis. Chen e# al” reported that
HCC MVD can be reflected by dynamic enhancement
of spiral CT scanning. MVD of tumor has been detected
by marking vessel endothelium. Vascular endothelial
growth factor (VEGF) is an important angiogenic factor
regulating tumor angiogenesis. Yao ez al” reported that the
VEGF expression rate is 63.9% in HCC, 78.3% in non-
encapsulated HCC, and 90.9% in HCC with extrahepatic
metastasis, respectively. The VEGF expression is
closely correlated with MVD. Moon e# al” reported that
overproduction of VEGF and angiopoietin 2 in HCC cells
may increase vascularity and tumor growth in a paracrine
manner. Poon ¢ al” reported that the MVD in HCC tissue
is higher than that in its adjacent tissue. The MVD in
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HCC tissue is associated with hepatocarcinoma prognosis.
The higher the MVD is, the poorer the prognosis is. Our
study revealed the same result, suggesting that tumor
angiogenesis plays an important role in tumor genesis and
development.

TGF-B is an important adjusting factor and has five
1soforms: TGF-B1s. TGF-31-3 have the same biological
functions with 70-80% homology. TGF-81 is a negative
adjusting factor in tumor growth. There are three kinds of
TGF-B receptors: TBR-I, TBR-II, TER-III. Their relative
molecules are 65x10°, 85-110x10and 6x10’ respectively.
TBR-I and TBR-II playing a part in signal transduction are
serine/ threonine protein kinase receptors with a single
span membrane. The section of extracellular membrane
is short, while the section of cell plasma is long. The sec-
tion of extracellular membrane contains rich cysteine, the
section of cell plasma contains setine/ threonine protein
kinase structure and possess its activity. Compared to TBR-
11, the out and inner sections of cellular membrane of
TBR-I are short. TGF-31 combines with TER-II becoming
dimer, then with TBR-I becoming trimer. The activated
TBR-I and phosphorate-acidulated smad could adjust tran-
scription of genes. TGF-B1 is over-expressed in tumor tis-
sue, but tumor cells do not respond to suppressive factor
TGF-B1, suggesting that the signal transduction pathway
is abnormal. TGF-8 plays an important role as a ligand
in tumor genesis suppressing cell growth in early stage
and promoting cell growth in advanced stage. TGF-$1
exerts its strong suppressive effect on hepatocellular pro-
liferation. Kim ¢z a/* showed that TGF-81 could induce
hepatocyte apoptosis. Abou-Shady ez a/” detected TGF-8
mRNA in normal and HCC tissue with Northern blot
method and found that TGF- mRNA is over-expressed
in HCC and its adjacent tissue. Idobe ¢7 a/” compared the
intensity of TGF-$1 staining in HCC and its adjacent tis-
sue and found that the former is more intense than the lat-
ter. The expression of TGF-$1 in HCC tissue is correlated
with the histological differentiation, namely the lower the
histological differentiation of HCC, the more intense the
TGF-B1 staining in HCC tissue. Matsuzaki e a/” showed
that TGF-$1 mRNA is over-expressed in HCC cells and
TGF-B1 accelerates their proliferation. Giannelli ¢ a/'” re-
ported that invasive HCC cells express alpha3 betal-integ-
rin whereas noninvasive HCC cells do not. TGF-$1 stimu-
lates alpha3-integrin expression at a transcriptional level
in noninvasive HCC cells, causing transformation into a
motile and invasive phenotype. Invasive HCC cells sectete
abundant active TGF-f1 in comparison to noninvasive
HCC cells. Anti-TGF-31 neutralizing antibody reduces al-
pha3-integrin expression and the ability of HCC to invade
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cells, suggesting that TGF-B1 may play an important role
in HCC invasiveness by stimulating alpha3-integrin expres-
sion, and may be an important target for new therapies.
Cai ¢f al'" showed that TGF-B1 treatment can enhance the
amount of alpha5 beta 1-integrin on HCC cell surface, the
mRNA level of alpha5 subunit, subsequently stimulating
cell adhesion to fibronectin (Fn) and laminin (Ln) matrix.
TGF-B1 can also promote cell migration. Song ¢ al' re-
ported that TGF-B1 may be a useful serologic marker in
detecting HCC at its initial stage because it shows higher
sensitivity and specificity in the diagnosis of small HCC.
Ueno e a/'? reported that expression of TBR-II in liver
tissues is significantly decreased in patients with HCC
compared to that in patients with chronic hepatitis ot liver
cirrhosis. They transfected T beta RII cDNA to hepatoma
cell line (Huh7) and compared the change of cell number
and observed the induction of apoptosis after TGF-betal
treatment using a FACScan flow cytometer. In Huh7 cells
transfected with T beta RII cDNA, cell arrest and apop-
tosis were obviously induced. We have previously shown
that expression of TGF-81 mRNA and protein in HCC
tissue is higher than that in its adjacent tissue'' . Our study
displayed that expression of TGF-31 was enhanced, and
expression of TBR-II was weak in HCC tissue compated
to that in its adjacent tissue, which may be due to the lower
expression of TBR-II in HCC cells"” that can escape from
the inhibitory effects of TGF-B1, thus causing genesis and
development of HCC.

Smad is an essential signal transducer of TGF-beta
signal pathway. At present, ten kinds of smad have been
found: smad1-10. Smad4 is an action substrate of TGF-{
receptor and has been identified as a tumor suppressor
gene. Mutation or lower expression of smad4 has been
observed in many kinds of tumor'”"*. In normal hepatic
tissue, smad4 plays an essential role in signal transduction
of TGF-B and influences gene transcription, controls
cell growth and guides the suppressive role of TGF-§
in hepatic cell growth. Tannapfel ez a/'” reported that
expression of smad4 is decreased in HCC tissue. Our
study showed that expression of smad4 was lower in HCC
tissue than in its adjacent tissue, suggesting that expression
of smad4 is abnormal in HCC tissue, resulting in blocking
signal transduction of TGF-$1 and taking part in hepatic
carcinoma cell escaping from the suppression of TGF-81.
smad?7 is an inhibitor of smad and can bind to TBR-I,
blocking phosphorylation of smad and signal transduction
of TGF-B1. It is thus considered as an oncogene. Kawate
et al® investigated mutation of smad7 in HCC tissue using
polymerase chain reaction-single strand conformation
polymorphism analysis and found that smad7 displays
single nucleotide polymorphisms. Our study showed that
expression of smad7 was higher in HCC tissue than in
its adjacent tissue, suggesting that smad7 may take part
in hepatic carcinoma cell escaping from suppression of
TGF-81.

Synthesis of TGF-B1 is controlled by nuclear
transcription factors. At present, the main nuclear
transcription factors are nuclear factor-kappaB (NF-»B)
and activator protein 1. NF-xB could bind to enhancer »B
of immunoglobulin kappa light chain gene. NF-xB is a
dimer of p65 and p50. In normal conditions, NF-»B exists

in cell plasma. Inhibitory factor of NF-»B (I-xB) falls off
NF-xB complex after stimulated. Activated NF-»B enters
into nuclei and accelerates transcription of target gene.
Because tissue transglutaminase gene promotor (a TGF-31
activated factor) contains binding sites of NF-xB, NF-
#B can accelerate expression of TGF-f1. It was reported
that hepatic carcinoma cells could excrete TGF-31%. Our
study showed that expression of NF-»B was closely related
with TGF-31 expression.

In conclusion, TGF-81, TBR-II ,NF-»B, smad4 and
smad7 in HCC tissue are the major factors in TGF-31-
smad signal transduction pathway. These factors are
closely related with MVD and may play an important role
in HCC angiogenesis. NF-xB may cause the activation and
production of TGF-81.
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