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Transforming growth factor-b1 (TGF-b1) is involved in tumor progression by promoting angiogenesis or
suppressing the immune system; yet TGF-b1 also has a growth-inhibitory effect on epithelial cells including
carcinoma cells. Several mechanisms of impaired TGF-b1 responsiveness of carcinoma cells have been
reported. In this study, we examined how TGF-b1 participates in the development and progression of
intrahepatic cholangiocarcinoma (ICC) associated with hepatolithiasis, and how ICC cells escape from growth
inhibitory effect of TGF-b1. A total of 40 cases of hepatolithiasis were studied, including 16 cases of ICC, and
in vitro studies were conducted with cultured murine non-neoplastic biliary epithelial cells (MBEC) and three
ICC cell lines. Immunohistochemically, TGF-b1 was expressed in mononuclear cells and mesenchymal cells
around the stone-containing bile ducts and invasive ICC, and also in biliary epithelial cells (hyperplastic and
precursor lesions, and ICC). TGF-b type II receptor (TbR-II) was constantly expressed on biliary epithelial cells
irrespective of biliary lesions. In cell culture studies, TGF-b1 significantly inhibited proliferation of MBEC via
downregulation of cyclin D1, cdk4, and cdk6, while TGF-b1 did not influence the proliferation of ICC cells. After
suppression of cyclin D1 expression in one ICC cell line using cyclin D1 small interfering RNA, TGF-b1
significantly inhibited the proliferation of ICC cells. In conclusion, high levels of TGF-b1 around ICC or its
precursors may be involved in development and progression of ICC in hepatolithiasis. ICC cells could escape
the growth inhibitory effect of TGF-b1 by overexpression of cyclin D1.
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Three isoforms of transforming growth factor-b
(TGF-b) (TGF-b1, -b2, -b3) have been identified in
humans, and they have similar biological func-
tions.1,2 TGF-b signal is transducted through two
surface receptors, the TGF-b type I receptor (TbR-I)
and the TGF-b type II receptor (TbR-II), that function
as a complex. TbR-I and TbR-II possess intra-
cellular serine/threonine kinase domains that are
activated upon complex formation.3 This kinase in

turn initiates an intracellular signal cascade to the
nucleus by activation of various proteins, inclu-
ding Smad.4,5

Among the TGF-bs, TGF-b1 has been extensively
studied with respect to its involvement in the
carcinogenic process. TGF-b1 has several advanta-
geous effects for carcinoma cells such as modulating
fibrogenesis, angiogenesis, and immune modula-
tion.4,6 Overexpression of TGF-b1 has been reported
in some carcinomas, and is thought to be involved in
carcinogenesis and tumor progression.6,7 Moreover,
overexpression of TGF-b1 in carcinoma cells is also
known as an influential prognostic factor in breast
cancer and lung cancer patients.8,9

While TGF-b1 has growth inhibitory effects on
non-neoplastic epithelial cells, proliferation of most
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carcinoma cells is not influenced by TGF-b1.1,10 This
is also the case with cholangiocarcinoma cells. For
example, Yokomuro et al11 reported that TGF-b1
exerted a concentration-dependent mito-inhibition
effect on non-neoplastic biliary epithelium, whereas
cholangiocarcinoma cells were resistant to TGF-b1.
Carcinoma cells are thought to gain resistance to the
growth inhibitory effects of TGF-b1 by several
mechanisms. Somatic mutations of TbR-II were
firstly reported in some carcinoma cells, especially
hereditary nonpolyposis colorectal cancer,12,13

though the frequency was found to be relatively
low in other carcinomas.14,15 Other mechanisms of
escaping tumor growth inhibition by TGF-b1 such as
somatic mutation of Smads, transcriptional down-
regulation of TGF-b receptors, and overexpression of
smad7, are also reported.16–19

TGF-b1 is known to inhibit the proliferation of
non-neoplastic epithelium at the G1/S phase via
several cell cycle-related molecules such as cyclins
(cyclins D, cyclin E), cdks (cdk2, cdk4, cdk6), and
cdk inhibitors (p15, p21, p27).20–23 TGF-b1 executes
its growth-inhibitory effect by downregulation of
mito-activators (cyclins and cdks) and by upregula-
tion of mito-inhibitors (p15, p21, p27), although the
pattern and degree of these effects are different
depending on the cell type. Disorganized expression
of those cell cycle-related molecules could also
induce TGF-b1-resistance in some neoplastic cells.24

For example, TGF-b1 is reported to downregulate
expression of cyclin D1, one of the necessary
molecules for the transition from the G1 to the S
phase of the cell cycle, in non-neoplastic epithelial
cells such as rat intestinal epithelial cells.20,23 In
neoplastic cells, overexpression of cyclin D1 could
induce their unresponsiveness to growth inhibitory
effect of TGF-b1.25,26 These data suggest that cyclin
D1 is thought to be one of the key molecules
involved in TGF-b-unresponsiveness of some carci-
noma cells.

In this study, we examined the participation of
TGF-b1 and TbR-II in the development of ICC in
hepatolithiasis by immunohistochemistry, by exam-
ination of genetic mutations in exons 3, 5, and 7 of
the TbR-II gene by polymerase chain reaction-single
strand conformation polymorphism (PCR-SSCP),
and by examination of the relationship between

overexpression of cyclin D1 and responsiveness to
TGF-b1 in cultured cells.

Materials and methods

Human Tissue Studies

Patients and materials
A total of 40 cases of surgically resected hepato-
lithiasis were obtained from the liver disease file of
the Department of Human Pathology, Kanazawa
University Graduate School of Medicine, and that
of the Department of Pathology, Chang Gung
Memorial Hospital, Lin Kou (Table 1). In all, 16 of
these cases were associated with ICC (see below). In
addition, ‘histologically normal’ liver tissues were
obtained from non-neoplastic parts of five surgically
resected metastatic liver tumors.

All of these specimens were fixed in formalin, and
embedded in paraffin. All hepatolithiasis cases and
five normal liver tissue were used for the immuno-
histochemistry, and 16 ICC cases were examined for
mutational analysis of the TbR-II gene.

Classification of biliary lesions associated with
hepatolithiasis
Biliary epithelial lesions of hepatolithiasis were
classified into five categories (Table 1): biliary
hyperplasia, biliary dysplasia, intraductal papillary
neoplasm of the bile duct (IPN-B), ICC with
dysplasia, and ICC with IPN-B. All of these biliary
lesions were found in the stone-containing intrahe-
patic large bile ducts, which correspond to the first
to third branches of the right and left hepatic
ducts.27 Biliary dysplasia was defined as flat or
micropapillary proliferation of epithelial cells show-
ing multilayering, piled-up nuclei, an increased
nucleocytoplasmic ratio, a partial loss of nuclear
polarity, and nuclear hyperchromasia and pleo-
morphism.28 IPN-B was defined as prominent
papillary proliferation of biliary epithelial cells with
distinct fibrovascular cores, showing epithelial
nuclear stratification, piled-up nuclei, and nuclear
enlargement.29 ICC cases were classified into two
groups: ICC with dysplasia (nine cases) and ICC
with IPN-B (seven cases), in which biliary dysplasia
and IPN-B were observed in bile ducts around ICC

Table 1 Liver specimens used for immunohistochemical study and their main clinical features

Number of cases
examined

Average age
(years) (range)

Male/Female

Hepatolithiasis (total) 40 55.7 (35–74) 12/28
with biliary hyperplasia 10 53.2 (35–67) 3/7
with biliary dysplasia 7 54.1 (37–69) 2/5
with IPN-B 7 57.1 (37–69) 1/6
with ICC and biliary dysplasia 9 56.2 (44–74) 2/7
with ICC and IPN-B 7 58.6 (53–70) 4/3

Normal bile ducts 5 58.2 (52–67) 2/3

IPN-B, intraductal papillary neoplasm of the bile duct; ICC, intrahepatic cholangiocarcinoma.
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lesions (invasive lesions), respectively. ICC with
dysplasia was histologically composed of well
differentiated (one case), moderately differentiated
(six cases), and poorly differentiated adenocarci-
noma (two cases), while ICC with IPN-B showed
well differentiated papillary adenocarcinoma (two
cases), and mucinous carcinoma (five cases).

Immunohistochemistry
Deparaffinized sections 3mm thick for TGF-b1 and
TbR-II were first treated with hyaluronidase (2mg/ml,
Sigma Chemical Co., St Louis, MO, USA) for 2 h at
371C. Sections for cyclin D1 were microwaved in
EDTA buffer (pH 8.0) for 20min. After blocking of
endogenous peroxidase, the sections were incubated
in Protein Block Serum (Dako, Glostrup, Denmark)
for 20min, then incubated overnight at 41C with
either of primary antibodies: anti-human TGF-b1
(clone 9016.2, 5 mg/ml, mouse monoclonal, R&D
Systems, Minneapolis, MN, USA), anti-human
TbR-II (2 mg/ml, gout polyclonal, R&D Systems),
and anti-human cyclin D1 (clone AY-7D2, predi-
luted, mouse monoclonal, ZYMED Laboratories, San
Francisco, CA, USA). These sections were incubated
for 1h with goat anti-mouse immunoglobulins
(TGF-b1 and cyclin D1), or rabbit anti-goat immuno-
globulins (TbR-II), both of which were conjugated
to peroxidase labeled polymer (Envisionþ , Dako;
Histofine Simple Stain MAX PO(G), Nichirei,
Tokyo, Japan). After 3,30-diaminobenzidine tetrahy-
drochloride (DAB) reaction, the sections were
lightly counterstained with hematoxylin (TGF-b1
and TbR-II) or methyl green (cyclin D1). Negative
controls were evaluated by nonimmunized mouse or
goat serum for primary antibody.

Evaluation of immunohistochemistry
Expression of TGF-b1 and TbR-II in individual
biliary lesions was evaluated as positive or negative.
Expression of cyclin D1 was evaluated by percent of
positive cells counted in more than 1000 cells
chosen at random in individual case (cyclin D1
labeling index). The labeling index was compared
among the biliary lesions.

Mutation screening of the TbR-II gene with
PCR-SSCP
Genomic DNA of ICC (16 cases) was extracted from
paraffin tissue using DEXPAD (Takara, Tokyo,
Japan). Serial 2-mm paraffin sections of ICC (invasive
lesions) were microscopically dissected and mixed
with DAXPAD (Takara) at 1001C for 10min. DNA
similarly extracted from nontumorous areas of
ICC was used as a wild type (nonmutated) control.
DNA was obtained by centrifugation and used as a
template for PCR.

Three sets of primers were designed to amplify the
entire exon sequences for 3, 5, and 7 of the TbR-II
gene, including each splicing site, as follows:
exon 3, sense 50-cctcgcttccaatgaatctc-30, antisense,
50-ttggcacagatctcaggtcc-30; exon 5, sense 50-aatgatggc

ctcactgtctg-30, antisense 50-ccactacacatatctggtcc-30;
exon 7, sense 50-cctttggatctctttcccgc-30, antisense 50-
agaggggcagcctctttgg-30. PCR consisted of 40 cycles at
941C for 1min, at 501C for 2min, and at 721C for
2min. Product sizes of exon 3, 5, and 7 were 267,
202 and 249 bp, respectively. PCR products were
subjected to electrophoresis carried out on acryla-
mide gels (GeneGel Excel 12.5/24 Kit, Amersham
Pharmacia Biotech, Uppsala, Sweden) on GenePhor
(Amersham Pharmacia Biotech). The running con-
ditions were 300V at 151C for 2 h, and the gels were
stained with silver (DNA Silver Staining Kit,
Amersham Pharmacia Biotech).

Cell Culture Studies

Cell culture
Three human ICC cells (CCKS1, HuCCT1, and
HuH28) were used in this study. CCKS1.30,31 was
established in our laboratory, and HuCCT132 and
HuH2833 were obtained from the Health Science
Research Resources Bank (Osaka, Japan). The mur-
ine-derived non-neoplastic biliary epithelial cell
line (MBEC) was used as control (non-neoplastic
biliary epithelial cells), established in our laboratory
from intrahepatic large bile duct of an 8-week-old
female BALB/c mouse.34 A mouse non-noeplastic
cell line was used because human-derived non-
neoplastic biliary epithelial cells from intrahepatic
large bile ducts are difficult to purify and culture
with continuous passages.

ICC cells were cultured with medium composed
of D-MEM/F-12 (Dulbecco’s modified Eagle medium
and nutrient mixture F-12, 1:1; Life Technologies,
Inc., Rockville, MD, USA), 10% fetal bovine serum
(FBS) (Life Technologies, Inc.), and 1% antibiotics-
antimycotic (Life Technologies, Inc.). MBEC were
cultured on a collagen-coated dish, and were
incubated with a culture medium composed of
D-MDM/F-12 (Life Technologies, Inc.), 10% Nu-
Serum (Becton Dickinson Labware, Bedford, MA,
USA), 1% ITSþ (Becton Dickinson Labware), 5 mM
Forskolin (Wako Pure Chemical Industries, Ltd.,
Osaka, Japan), 12.5mg/ml of Bovine pituitary extract
(Life Technologies, Inc.), 1mM dexamethasone (Sig-
ma Chemical Co., St Louis, MO, USA), 5mM triiodo-
thyronine (Sigma Chemical Co.), 5mg/ml of Glucose
(Sigma Chemical Co.), 25mM Sodium bicarbonate
(Sigma Chemical Co.), 1% antibiotics–antimycotic
(Life Technologies, Inc.) and 25ng/ml of mouse
epidermal growth factor (Life Technologies, Inc.).
These cells were cultured for cell proliferation assay
in 96-well plates and also cultured for protein
extraction in 60mm culture vessels.

Influence of TGF-b1 treatment on cell proliferative
activities and expression of cell cycle related
molecules
ICC cells (CCKS1, HuCCT1, HuH28) and MBEC
for proliferation assay were cultured with human
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TGF-b1 (Genzyme/Techne, Cambridge, MA, USA)
and recombinant TGF-b1 (R&D systems, Inc.) at the
concentration of 0.3, 3.0, and 30.0 ng/ml for 48 h,
respectively. Recombinant TGF-b1 used in this
study was reported to function on murine-derived
cell lines.35 TGF-b1 treatment on cell proliferation
study of HuH28 was started at about 50% cell-
density, because HuH28 had low-proliferative
activity (doubling time: 7 days).

Cells for RT-PCR and Western blot analysis were
incubated with TGF-b1 at a concentration of 3.0 ng/
ml for 48 h. The concentration of 3.0 ng/ml was
determined based on our preliminary research and
previous reports.20,21

Cell proliferation assay
Cell proliferation was assayed by CellTiter 96
Aqueous One Solution Cell Proliferation (Promega,
Madison, WI, USA). Briefly, 100 ml of the cell
suspension (containing 1.0� 104. cells) was plated
in each well of 96-well plates. After confirming
reattachment of cultured cells, some group of cells
were transfected, and were followed by incubation
with basic medium or TGF-b1 containing medium
for 48h. A amount of 20 ml of the CellTiter 96
Aqueous One Solution Reagent was added to each
well. After incubation for 3h, 490nm absorbance
was measured. Five samples for each group were
used for analysis.

Western blot
Proteins were extracted from cultured cells using
T-PERt Tissue Protein Extraction Reagent (Pierce
Chemical Company, Rockford, IL, USA), and were
used for Western blot analysis. Western blot analysis
was carried out on 10% SDS-PAGE gel. The proteins
in the gel were electrophoretically transferred onto
nitrocellulose membrane. The membranes were
incubated with primary antibodies to cyclin D1
(clone HD11, 1:100, mouse monoclonal, Santa Cruz
Biotechnology, Inc., Santa Cruz, CA, USA), cyclin
D2 (clone M-20, 1:100, rabbit polyclonal, Santa Cruz
Biotechnology, Inc.), cyclin D3 (clone D-7, 1:100,
mouse monoclonal, Santa Cruz Biotechnology, Inc.),
cdk2 (clone H-298, 1:200, rabbit polyclonal, Santa
Cruz Biotechnology, Inc.), cdk4 (clone H-303, 1:200,
rabbit polyclonal, Santa Cruz Biotechnology, Inc.),
cdk6 (clone H-96, 1:200, rabbit polyclonal, Santa
Cruz Biotechnology, Inc.), TbR-II (2 mg/ml, goat
polyclonal, R&D Systems, Inc.), or b-actin (clone
AC-15, 1:5000, mouse polyclonal, Abcam Limited,
Cambridge, UK). All of these antibodies were
designated for both human and murine research.

Each protein expression was detected using
second antibodies conjugated to peroxidase labeled
polymers such as Histofine Simple Stain MAX PO
(G) (Nichirei) for TbR-II and EnVisionþ system
(Dako) for cyclin D1, cyclin D2, cyclin D3, cdk2,
cdk4, cdk6, and b-actin. DAB was used as the
chromogen.

Transfection of cyclin D1 small interfering RNA
HuH28, which is a less passaged strain, was selected
for small interfering RNA (siRNA) transfection
because highly passaged cells are not suited for
siRNA transfection. A 21-nucleotide double-
stranded RNA was synthesized by B-Bridge Inter-
national Inc. (San Jose, CA, USA). The targeting
sequence of human cyclin D1 was 50-aagaugaaggagac
caucccc-30, corresponding to the coding region 334–
356 relative to the first nucleotide of the start codon.
Scramble siRNA was used as a negative control,
which targets the sequence 50-gcgcgcuuuguagga
uucg-30. The siRNAwere transfected to HuH28 cells
with LipofectAMINE PLUS (Invitrogen Corp., Carls-
bad, CA, USA). Of 20 mM siRNA, 20ml was diluted
with 500 ml of OPTI-MEM I (Life Technologies, Inc.).
An amount of 15ml of PLUS reagent was added to
the siRNA, and incubated for 15min at room
temperature. A volume of 25 ml of LipofectAMINE
reagent was diluted with 500 ml of OPTI-MEM I. The
two mixtures above were combined, gently mixed,
and incubated for 15min at room temperature. The
entire mixture was added to the 4ml of culture
medium with cells in 6mm vessels. A measure of
20 ml of this mixture was also added to 100 ml of the
medium with cells in 96-well plates. At 24h after
transfection, some groups of cells were treated with
TGF-b1 as mentioned above. At 72h after transfec-
tion, the cells were used for the proliferation assay
and protein extraction.

Statistical Analysis

The Mann–Whitney’s U-test was employed with a
significance level of Po0.05.

Results

Human Tissue Studies

Immunohistochemical detection of TGF-b1, TbR-II
and cyclin D1
TGF-b1 expression was always detected in the
cytoplasm of many inflammatory mononuclear and
mesenchymal cells around the intrahepatic large
bile duct in hepatolithiasis irrespective of epithelial
lesion (Figure 1). TGF-b1 expression was also detected
in those around invasive ICC. TGF-b1 was expressed
as a diffuse and granular cytoplasmic staining pattern
in hyperplastic biliary epithelium (70%), dysplastic
epithelium (100%), IPN-B (100%), and ICC with
dysplasia (89%) or IPN-B (86%), and a majority of
these epithelial cells were positive, when detected
(Figure 2a–c, and Table 2). However, its expression
was not observed in normal bile ducts. TbR-II was
constantly expressed in normal, hyperplastic, dys-
plastic, and neoplastic (IPN-B and ICC) biliary
epithelium in all the cases (Figure 2d–f, and Table 2).

Cyclin D1 was expressed in the nuclei of all cases
of biliary dysplasia (range: 4–15%), IPN-B (2–20%),
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ICC with dysplasia (5–60%) and ICC with IPN-B
(5–55%) (Figure 3), but not expressed in normal bile
ducts or biliary hyperplasia (Table 3). The labeling
index of cyclin D1 was higher in ICC with dysplasia
or IPN-B than in biliary dysplasia or IPN-B (Po0.05).

Mutation analysis of the TbR-II gene in ICC
Mutations of the TbR-II gene in exon 3, 5, and 7, in
which most mutations of TbR-II genes are reportedly
located, were examined by PCR-SSCP. PCR products
included the splicing sites, so all sequences of each
exon could be examined and evaluated. The results
of SSCP analysis are shown in Figure 4. No shifted
bands were observed in the exons of any cases
examined or in the no-mutation control (WT),
suggesting no genetic mutation existed in the three
exons of the 16 ICC cases examined.

Cell Culture Studies

Influence of TGF-b1 on proliferative activities of
cultured cells
As shown in Figure 5, TGF-b1 treatment showed
inhibition on proliferation of MBEC, when com-

pared to those without treatment. Treatment with
3.0 and 30.0 ng/ml of TGF-b1 more significantly
inhibited the proliferation of MBEC compared to
treatment with 0.3 ng/ml of TGF-b1. In contrast,
proliferative activities of three cultured ICC cell
lines were higher than MBEC, and were not
influenced by the treatment of TGF-b1 compared
to those without treatment. The amount of TGF-b1
(0.3, 3.0, and 30.0 ng/ml) did not influence on the
proliferative activities of three ICC cells.

Expression of cell cycle-related molecules in
cultured cells by TGF-b1 treatment
Western blot analysis of cyclin D1, cyclin D2, cyclin
D3, cdk2, cdk4, and cdk6 after treatment of TGF-b1
disclosed that the level of cyclin D1 expression was
evidently different between MBEC and ICC cells
(CCKS1, HuCCT1, and HuH28) (Figure 6). That is,
TGF-b1 treatment completely inhibited cyclin D1
expression in MBEC, but did not influence cyclin D1
expression in any of ICC cells. TGF-b1 also
decreased expression of cdk4 (MBEC, and CCKS1
and HuCCT1) and cdk6 (MBEC, and CCKS1 and
HuH28). TGF-b1 did not influence cyclin D2, cyclin
D3, and cdk2 expression in both MBEC and any of
three ICC cells.

Influence of TGF-b1 on cell proliferative activities
of cultured ICC cells after cyclin D1 siRNA
transduction
One ICC cell line (HuH28 cells) transfected with
cyclin D1 siRNA showed reduced expression of
cyclin D1 protein compared to the nontransfected
cells and the cells transfected with scrambled siRNA
(negative control) (Figure 7), implying successful
transfection of cyclin D1 siRNA followed by the
destruction of cyclin D1 RNA. TbR-II protein
expression was not altered by the transfection of
cyclin D1 siRNA or scrambled siRNA (Figure 7).

Transfection of scramble siRNA did not influence
cell proliferative activity of HuH28 cells. Transfec-
tion of cyclin D1 siRNA resulted in a significant
decrease in the cell proliferative activities compared
to nontransfected cells and the cells transfected with
scrambled siRNA (Po0.05). While the treatment by
0.3 ng/ml of TGF-b1 did not influence proliferative
activity of cyclin D1 siRNA-transfected HuH28 cells,
3.0 and 30.0 ng/ml of TGF-b1 significantly inhibited
cell proliferation of these cells (Po0.05) (Figure 8).
These results indicated that ICC cells acquired
responsiveness to TGF-b1 by blocking cyclin D1
expression.

Discussion

It was found in this study that TGF-b1 was expressed
in mononuclear inflammatory cells and mesenchy-
mal cells around the stone-containing intrahepatic
large bile duct in all cases, and also frequently in
hyperplastic, dysplastic, and neoplastic (IPN-B and

Figure 1 Expression of TGF-b1 in the intrahepatic large bile duct
of hepatolithiasis. TGF-b1 expression is observed in the cyto-
plasm of many inflammatory mononuclear cells and spindle-
shaped mesenchymal cells (arrowhead). TGF-b1 is not expressed
in hyperplastic biliary epithelium in this case. HE, original
magnification: � 200.
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ICC) biliary epithelial cells. TbR-II was constantly
expressed in the biliary epithelium (hyperplasia,
dysplasia, IPN-B, and ICC). These results suggested
that TGF-b1 liberated from inflammatory and me-
senchymal cells and also from biliary epithelial cells

around the stone-containing large bile ducts could
react to TbR-II expressed on hyperplastic, dysplas-
tic, or neoplastic biliary epithelial cells. Autocrine
and paracrine interaction of TGF-b1/TbR-II around
ICC and its precursors can give rise to several

Figure 2 Immunohistochemical expression of TGF-b1 (a–c) and TbR-II (d–f) on biliary dysplasia (a, d), intraductal papillary neoplasm of
the bile duct (b, e), and ICC (c, f) in hepatolithiasis. (a–c) TGF-b1 is expressed in the cytoplasm of biliary epithelial cells of dysplasia,
IPN-B, and ICC, and also in mesenchymal cells proliferating around invasive ICC cells (arrow). (d–f) TbR-II is expressed in the cytoplasm
of biliary epithelial cells of dysplasia, IPN-B, and ICC. Immunostaining counterstained with hematoxylin; original magnification: (a)
� 400; (b, e) �100; (c, d, f) �200.
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advantageous effects for ICC and its precursors
such as angiogenesis, fibrosis, and suppression of
immune system.

We then performed in vitro studies to determine
how TGF-b1 influences cell proliferation of non-

neoplastic and neoplastic biliary epithelial cells
and examine the potential molecular mechanisms.
We found that TGF-b1 significantly inhibited the
proliferation of MBEC, in which downregulation of
cyclin D1, cdk4, and cdk6 might be causally

Table 2 Immunohistochemical expression of TGF-b1 and TbR-II by the epithelium of normal bile ducts, biliary hyperplasia, IPN-B,
and ICC

TGF-b1 TbR-II

Positive Negative Positive Negative

Normal bile ducts (n¼ 5) 0 5 (100%) 5 (100%) 0
Biliary hyperplasia (n¼ 10) 7 (70%)* 3 (30%) 10 (100%) 0
Biliary dysplasia (n¼7) 7 (100%)* 0 7 (100%) 0
IPN-B (n¼ 7) 7 (100%)* 0 6 (100%) 0
ICC with biliary dysplasia (n¼9) 8 (89%)* 1 (11%) 9 (100%) 0
ICC with IPN-B (n¼ 7) 6 (86%)* 1 (14%) 7 (100%) 0

N, number of cases examined: TbR-II, TGF-b type II receptor; IPN-B, intraductal papillary neoplasm of the bile duct; ICC, intrahepatic
cholangiocarcinoma; *Po0.05 vs normal bile duct.

Figure 3 Cyclin D1 is expressed in nuclei of ICC in hepatolithia-
sis. Immunostaining of cyclin D1 counterstained with methyl
green; original magnification, �400.

Table 3 Cyclin D1 expression (labeling index) on normal bile
ducts, biliary hyperplasia, IPN-B, and ICC

Bile duct lesions Labeling index (%)
Average7s.d. (range)

Normal bile ducts (n¼ 5) 070% (0–0)
Biliary hyperplasia (n¼ 10) 070% (0–0)
Biliary dysplasia (n¼7) 7.973.5% (4–15%)*
IPN-B (n¼ 7) 5.772.6% (2–20%)*
ICC with biliary dysplasia (n¼9) 29.3720.4% (5–60%)**
ICC with IPN-B (n¼ 7) 23.1717.0% (5–55%)**

Labeling index of cyclin D1, percent of positive cells in more than
1000 cells examined; n, number of cases examined; s.d., standard
deviation; IPN-B, intraductal papillary neoplasm of the bile duct; ICC,
intrahepatic cholangiocarcinoma; *Po0.05 vs normal bile ducts and
biliary hyperplasia; **Po0.05 vs normal bile duct, biliary hyper-
plasia, biliary dysplasia, and IPN-B.

Figure 4 Mutational analysis of the TbR-II gene. PCR-SSCP of
exon 3, exon 5, and exon 7 of TbR-II shows no shifted band in any
exons. Eight samples of ICC (numbered 1–8) in hepatolithiasis are
shown. WT is a wild-type control from the non-neoplastic part of
the liver.

Figure 5 Proliferation assay of cultured MBEC and human ICC
cells (CCKS1, HuCCT1, HuH28) after the treatment with TGF-b1
(0.3, 3.0, 30.0ng/ml). Treatment with TGF-b1 significantly
inhibited the proliferation of MBEC, while treatment with TGF-
b1 did not change the proliferation activity of the ICC cells. Data
are shown as meanþ standard deviation. *Po0.05 vs MBEC
without TGF-b1 treatment.
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involved. On the other hand, TGF-b1 did not
influence the cell-proliferative activities of three
cultured human ICC cells. Cyclin D1 expression
remained unchanged, even though cdk4 and cdk6
were downregulated. Accordingly, we demonstrated
that siRNA inhibition of cyclin D1 expression
rendered one ICC cell line sensitive to growth-
inhibitory effect of TGF-b1. These results strongly
suggested that overexpression of cyclin D1 is a key
event for ICC cells attaining TGF-b1-resistance.
Indeed, overexpression of cyclin D1 was immuno-
histochemically detected variably in the nuclei of all
cases of biliary dysplasia, IPN-B, ICC with dysplasia
or IPN-B, while cyclin D1 was not detectable in
biliary hyperplasia or normal bile ducts. Interest-
ingly the labeling index of cyclin D1 was higher in
ICC cases than in its precursors (dysplasia and IPN-
B), suggesting that overexpression of cyclin D1 is

involved in the development and progression of ICC
arising in hepatolithiasis.

A similar mechanism for TGF-b-resistance via
cyclin D1 overexpression was also reported in
human hepatocellular carcinoma (HCC) cells and
immortalized human esophageal epithelial cell.25,26

Jong et al25 reported that HCC cell lines, which were
resistant to TGF-b1, showed overexpression of
cyclin D1, and the suppression of cyclin D1
expression with antisense cyclin D1 facilitated the
growth inhibitory effect of TGF-b1. In addition,
Okamoto et al26 reported that immortalized human
esophageal epithelial cells became resistant to TGF-
b1 after transfection of human cyclin D1 cDNA.
Interestingly, transfection of cyclin D1 gene down-
regulated TbR-II expression in that esophageal
epithelial cell line. Okamoto et al26 suggested that
cyclin D1 overexpression followed by downregula-
tion of TbR-II might be a key event for those
esophageal epithelial cells to obtain TGF-b1-resis-
tance. In this study, transfection of cyclin D1 siRNA
did not influence the expression of TbR-II in ICC
cells (HuH28), suggesting no close relationship
between cyclin D1 expression and TbR-II expression
in ICC cells.

In hepatolithiasis, ICC and its precursor lesions
are not infrequently encountered,36,37 and ICC in
hepatolithiasis is thought to develop through multi-
step carcinogenesis.38 At present, at least two path-
ways of multistep cholangiocarcinogenesis are
speculated in hepatolithiasis. The first pathway may
be a major pathway through biliary dysplasia showing
flat or micropapillary lesion to invasive ICC, usually
conventional tubular or papillary adenocarcinoma.38

Another is a unique carcinogenetic pathway from
IPN-B to invasive ICC.29 IPN-B is a recently proposed
disease entity, and is characterized as prominent

Figure 6 Protein expression of cyclin D1, cyclin D2, cyclin D3,
cdk2, cdk4, and cdk6 in cultured MBEC and human ICC cells
(CCKS1, HuCCT1, HuH28) with and without TGF-b1 treatment
(3.0ng/ml, 48h). TGF-b1 inhibits expression of cyclin D1, cdk4
and cdk6 in MBEC. TGF-b1 also inhibits expression of cdk4
(CCKS1, HuCCT1) and cdk6 (CCKS1, HuH28) in ICC cells, while
cyclin D1 expression is not influenced by TGF-b1 treatment in
ICC cells.

Figure 7 Protein expression of cyclin D1 and TbR-II in HuH28
cell after transfection of cyclin D1 siRNA or scramble siRNA.
Westen blot analysis of cyclin D1 revealed that cyclin D1
expression was inhibited by transfection with cyclin D1 siRNA,
while it was not inhibited by transfection of scramble siRNA.
TbR-II expression was not influenced by transfection of cyclin D1
siRNA or scramble siRNA.

Figure 8 Proliferation assay of cultured human ICC cells (HuH28)
transfected with cyclin D1 siRNA after treatment with TGF-b1
(0.3, 3.0, 30.0ng/ml). Proliferation of cyclin D1 siRNA-transfected
cells was significantly inhibited compared to control cells and
scramble siRNA-transfected cells. While TGF-b1 (0.3ng/ml) could
not influence the proliferation activity, TGF-b1 (3.0, 30.0ng/ml)
significantly inhibited the proliferation of cyclin D1 siRNA-
transfected cells. Data are shown as meanþ standard deviation.
*Po0.05 vs control cells and scramble siRNA-transfected cells;
**Po0.05 vs cyclin D1 siRNA-transfected cells without TGF-b1
treatment.
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papillary proliferation of biliary epithelial cells with
gastrointestinal metaplasia and mucin over-produc-
tion, frequent association with mucinous carcinoma
if progressed to invasive cancer, and more favorable
prognosis compared to conventional ICC.39,40 There
is now increasing evidence that different genetic
abnormalities exist between these two carcinoge-
netic pathways.41,42 While no differences in expres-
sion of TGF-b1, TbR-II, and cyclin D1, and also
genetic mutation of TbR-II were observed between
these two precursor lesions and resultant ICC, a
potential weakness of this study was that in vitro
study was conducted using only human ICC cell
lines derived from conventional ICC. So far, cul-
tured cell lines derived from IPN-B or ICC with IPN-
B have not been established.

TbR-II was constantly expressed in biliary epithe-
lial cells regardless of atypical degree in 40 cases
examined. It was found in this study that no genetic
mutations were detectable in exon 3, 5, or 7 of the
TbR-II gene in 16 ICC cases. Most mutations of the
TbR-II gene reported so far are located in exon 3, 5,
and 7.43 As microsatellite regions exist in exon 3 and
7 of the TbR-II gene,44 somatic mutations in these
regions may relate to microsatellite instability or
replication error.45,46 Mutations in exon 5 are
sporadic and are not associated with replication
error.43 Somatic mutations of TbR-II are noticeable
in hereditary nonpolyposis colorectal cancer,
although these mutations are less frequent in most
carcinomas without microsatellite instability.14,15

Taken together, it seems likely that mutation of
exon 3, 5, and 7 of TbR-II is a minor mechanism for
TGF-b-resistance in ICC cells.

In conclusion, overexpressed TGF-b1 around ICC
and its precursor lesions may exert several advanta-
geous effects for them and be involved in cholan-
giocarcinogenesis in hepatolithiasis. ICC cells could
escape the growth inhibitory effect of TGF-b1 by
overexpression of cyclin D1.
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