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We investigated the expression of estrogen receptors
(ERs), insulin-like growth factor 1 (IGF-1), and IGF-1R
(receptor) in human cholangiocarcinoma and chol-
angiocarcinoma cell lines (HuH-28, TFK-1, Mz-ChA-
1), evaluating the role of estrogens and IGF-1 in the
modulation of neoplastic cell growth. ER-� , ER-� ,
IGF-1, and IGF-1R were expressed (immunohisto-
chemistry) in all biopsies (18 of 18) of intrahepatic
cholangiocarcinoma. ER-� was expressed (Western
blot) only by the HuH-28 cell line (intrahepatic chol-
angiocarcinoma), whereas ER-� , IGF-1, and IGF-1R
were expressed in the three cell lines examined. In
serum-deprived HuH-28 cells, serum readmission in-
duced stimulation of cell proliferation that was inhib-
ited by ER and IGF-1R antagonists. 17�-Estradiol and
IGF-1 stimulated proliferation of HuH-28 cells to a
similar extent to that of MCF7 (breast cancer) but

greater than that of TFK-1 and Mz-ChA-1, inhibiting
apoptosis and exerting additive effects. These effects
of 17�-estradiol and IGF-1 were associated with en-
hanced protein expression of ER-� , phosphorylated
(p)-ERK1/2 and pAKT but with decreased expression
of ER-�. Finally, transfection of IGF-1R anti-sense oli-
gonucleotides in HuH-28 cells markedly decreased
cell proliferation. In conclusion, human intrahepatic
cholangiocarcinomas express receptors for estrogens
and IGF-1, which cooperate in the modulation of cell
growth and apoptosis. Modulation of ER and IGF-1R
could represent a strategy for the management of
cholangiocarcinoma. (Am J Pathol 2006, 169:877–888;

DOI: 10.2353/ajpath.2006.050464)

Cholangiocarcinoma is a malignant tumor arising from
the epithelial cells (cholangiocytes) lining the biliary tree
and characterized by a poor prognosis and scarce re-
sponse to current therapies.1,2 The incidence and mor-
tality for cholangiocarcinoma are increasing worldwide.3

Estrogens are positive growth modulators for normal and
neoplastic cells expressing estrogen receptors (ERs).4–7

They bind ER-� and/or ER-� subtypes and modulate cell
growth by both direct genomic and nongenomic path-
ways, in which different intracellular transduction signals
are involved but with a major role played by MAP ki-
nases.4–7 The role played by estrogens and their recep-
tors in the growth of ER-positive neoplasms represents
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the basis for the pharmacological treatment and/or pre-
vention of different cancers (mainly breast cancer) with
ER antagonists.8,9

We have recently shown that 1) human and rat cholan-
giocytes express both ER-� and/or ER-� subtypes, 2)
estrogens positively modulate cholangiocyte prolifera-
tion, and 3) ERs are overexpressed during cholangiocyte
proliferation associated with human cholangiopa-
thies.10–13 Furthermore, studies in rat cholangiocytes in-
dicate that estrogens interact with and potentiate the
effect of growth factors on cholangiocyte prolifera-
tion.14,15 Specifically, by interacting at both receptor and
postreceptor levels, 17�-estradiol markedly potentiates
the proliferating effect of insulin-like growth factor 1
(IGF-1) on isolated rat cholangiocytes.15 Similar interac-
tions between IGF-1 and estrogens modulate neoplastic
cell growth of tumors expressing ERs, which may include
breast, ovary, and endometrial cancers.16–18 Little infor-
mation exists on the role of estrogens and IGF-1 in the
modulation of growth and progression of cholangiocarci-
noma. In the present study, we investigated the expres-
sion of ER and IGF-1R in human cholangiocarcinoma and
human cholangiocarcinoma cell lines and evaluated the
role of estrogens and IGF-1 in the modulation of neoplas-
tic cell growth.

Materials and Methods

Reagents were purchased from Sigma Chemical Co. (St.
Louis, MO) unless otherwise indicated. Media and serum
for cell culture were obtained from Life Technologies, Inc.
(Gaithersburg, MD). The IGF-1R blocking antibody �IR3
was obtained from Oncogene-DBA (DBA Italia, srl, Seg-
rate, Milan, Italy).

Light Microscopy and Immunohistochemistry of
Human Cholangiocarcinoma

We investigated 18 patients (nine females, age 60 to 75
years, and nine males, age 63 to 73 years) with intrahepatic
cholangiocarcinoma presenting as a single mass lesion
within the liver. In 10 of 18 patients, US-guided liver biopsies
were investigated, whereas in 8 of 18 patients (four female,
four male) specimens were obtained after surgical resec-
tion (four patients) or liver transplantation (four patients). As
normal controls, we investigated 10 liver biopsies with a
normal histology from patients (five females, age 58 to 69
years, and five males, age 60 to 72 years) submitted to
laparotomy. Liver fragments (0.5 cm) were fixed in 10%
buffered formalin for 2 to 4 hours and embedded in low-
temperature fusion paraffin (55 to 57°C), and 3- to 4-�m
sections were stained with hematoxylin and eosin and Mas-
son’s trichrome. For immunohistochemistry, sections were
mounted on glass slides coated with 0.1% poly-L-lysine.
After deparaffination, endogenous peroxidase activity was
blocked by a 30-minute incubation in methanolic hydrogen
peroxide (2.5%). The endogen biotin was then blocked by
Biotin Blocking System (DAKO, code X0590; DAKO,
Copenhagen, Denmark) according to the instructions sup-

plied by the vendor. Sections were hydrated in graded
alcohol and rinsed in phosphate-buffered saline (PBS, pH
7.4) before applying the primary antibody. Sections were
incubated overnight at 4°C with antibodies for cytokeratin
19 (monoclonal antibody CK-19; DAKO), proliferating cel-
lular nuclear antigen (PCNA) (PC10; DAKO), ER-� [a cock-
tail of three monoclonal antibodies: SC-314, D12, F10 (33%
of each); Santa Cruz Biotechnology. Inc., Santa Cruz, CA],
ER-� (monoclonal antibody; GenTex, San Antonio, TX),
IGF-1 (Santa Cruz), or IGF-1R (Santa Cruz). Samples were
then rinsed with PBS for 5 minutes, incubated for 10 minutes
at room temperature with secondary biotinylated antibody
(DAKO LSAB Plus System; HRP, Milan, Italy), incubated
with DAKO ABC (DAKO LSAB Plus System; HRP, Milan,
Italy), and finally developed with 3-3� diaminobenzidine. For
all immunoreactions, negative controls were also included.
Light microscopy and immunohistochemistry observation
were taken by BX-5 1 light microscopy (Olympus, Tokyo,
Japan) with a videocam (Spot Insight; Diagnostic Instru-
ment, Inc., Sterling Heights, MI) and processed with an
Image Analysis System (IAS; Delta Sistemi, Rome, Italy).
Light microscopy and immunohistochemical observations
were independently performed by three pathologists in a
blind manner. ER-� and ER-� immunohistochemical ex-
pression was evaluated as previously described.11–13

Briefly, six slides were analyzed per each specimen of
normal liver or cholangiocarcinoma. Neoplastic or normal
cholangiocytes were counted in a random, blinded manner
in six nonoverlapping fields (magnification �20) of each
slide and the data expressed as percentage of positive
cells. The use of human material has been approved by the
local institutional review board.

Cancer Cell Lines

Mz-ChA-1 cells (gallbladder origin)19 were a gift from Dr.
J.G. Fitz (University of Texas, Southwest Medical Center,
Dallas, TX). HuH-28 (intrahepatic bile duct)20 and TFK-1
(extrahepatic bile duct)21 cholangiocarcinoma cell lines
were acquired from Cancer Cell Repository, Tohoku Uni-
versity, Tohoku, Japan. Mz-ChA-1, TFK-1, and HuH-28
cells were maintained in CRML 1066 medium containing
10% fetal bovine serum. The human HCC cell line Alex
(PRF/PLC/5) was a gift from Prof. R. Mazzanti (University
of Florence, Florence, Italy) and was maintained in Ea-
gle’s minimum essential medium containing 10% fetal
bovine serum. The human colon carcinoma SW 480 cell
line (a gift from Dr. E. Porfiri, Polytechnic University of
Ancona, Ancona, Italy) was cultured in Leibovitiz’s L15
medium containing 10% fetal bovine serum.

Cell Proliferation and Apoptosis

Cell lines, cultured in the appropriate medium containing
10% fetal bovine serum, were deprived of serum for 48
hours. Then, cells were maintained in serum-deprived
conditions for an additional 48 hours (controls � C) or
exposed to serum, 17�-estradiol, IGF-1, and/or receptor
antagonists for an additional 48 hours. Specifically, cell
medium was replaced with fresh serum-free or serum-
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containing medium to which the tested agent was added.
17�-Estradiol and ICI 182,780 were dissolved in dimethyl
sulfoxide whereas IGF-1 and �IR3 were dissolved in sa-
line as a stock solution that was then added (dilution,
1:100,000) to serum-free culture medium. In these exper-
imental conditions, proliferation, apoptosis, and immuno-
blots were evaluated as described below.

Cell proliferation was assessed by a commercially
available colorimetric cell proliferation assay (CellTiter 96
aqueous nonradioactive cell proliferation assay, MTS kit;
Promega, Madison, WI), by following the manufacturer’s
instructions. Proliferation index was calculated as the
ratio (multiplied � 100) between cell numbers in unstimu-
lated and stimulated cultures as described.22 In selected
experiments, proliferation was also evaluated by PCNA
protein expression (Western blot) or by [3H]thymidine
incorporation as previously described.23 In these latter
experiments, [3H]thymidine was added into the culture
medium (1 �Ci/ml) for the last 2 hours of each treatment.

Apoptosis was evaluated by a caspase 3 colorimetric
assay kit (Sigma Chemical Co.), based on the hydrolysis
of the peptide substrate acetyl-Asp-Glu-Val-Asp p-nitro-
anilide (Ac-DEVD-pNA) by caspase 3, resulting in the
release of the p-nitroaniline (pNA). For this assay, cells
were lysed in the appropriate lysis buffer provided by the
vendor (50 mmol/L HEPES, pH 7.4, 5 mmol/L CHAPS,
and 5 mmol/L dithiothreitol). The concentration of the
pNA released from the substrate was calculated from the
absorbance values at 405 nm. Caspase 3 activity result-
ing from the measured concentration of pNA [controls (48
hours plus 48 hours serum-free) � 1.66 � 0.11 �mol
pNA/minute/ml] was expressed as percent changes with
respect to controls.

Western Blot Analysis

For Western blot analysis, cells were solubilized in lysis
buffer containing 15 mmol/L Tris-HCl (pH 7.4), 5 mmol/L
ethylenediaminetetraacetic acid, 100 mmol/L NaCl, 1% Ige-
pal, 2 mmol/L phenylmethyl sulfonyl fluoride, 2 mmol/L ben-
zamidine, and 1% aprotinin on ice for 30 minutes. After
centrifugation at 10,000 � g for 20 seconds at 4°C, the
supernatant was recovered, and protein concentration was
determined with the protein assay-dye reagent (Bio-Rad
Laboratories GmbH, Segrate, Milan, Italy). Cell extracts (10
�g) were diluted in 6� LSB (Laemmli sample buffer) con-
taining 0.3 mol/L 2-mercaptoethanol and resolved by 10%
sodium dodecyl sulfate (SDS)-polyacrylamide gel electro-
phoresis (PAGE). Western blotting was performed as de-
scribed12–15 by using the following primary antibodies from
Santa Cruz: anti-PCNA, specific mouse monoclonal anti-
body (1:300 dilution); anti-IGF-1, goat polyclonal antibody
(1:100 dilution); anti-IGF-1Rb, rabbit polyclonal antibody
(1:400 dilution); anti-ER-� rabbit polyclonal antibody (1:200
dilution); anti-ER-� rabbit polyclonal antibody (1:200 dilu-
tion); anti-tERK, rabbit polyclonal antibody (1:1000 dilution);
anti-pERK, mouse monoclonal antibody (1:800 dilution); an-
ti-AKT, mouse monoclonal antibody (1:200 dilution); and
anti-pAKT, rabbit polyclonal antibody (1:300 dilution). As
secondary antibodies, anti-mouse IgG peroxidase-conju-

gated (1:2000; Sigma), anti-rabbit IgG peroxidase-conju-
gated (1:10,000; Sigma), or anti-goat IgG peroxidase-con-
jugated (1:10,000; Sigma) antibody was used. The intensity
of the bands was determined by scanning video densitom-
etry (Ultra Violet Products, Cambridge, UK) and expressed
as arbitrary densitometric units normalized to �-actin ex-
pression (ie, tested protein/�-actin � 100).

Reverse Transcriptase-Polymerase Chain
Reaction (RT-PCR) Analysis of ER-� in
Cell Lines

Total cellular RNA was extracted by the Micro-Fast Track II
kit (Invitrogen, San Diego, CA) according to the instructions
of the vendor. Total RNA (1 �g) was used for first strand
cDNA synthesis by AMV reverse transcriptase (Roche Di-
agnostics, Mannheim, Germany). PCR primers for ER-�,
5�-AAGGAGACTCGCTACTGT-3� (sense) and 5�-TCAAA-
GATCTCCACCATGCC-3� (anti-sense), were based on the
published sequence.24 GAPDH (glyceraldehyde-3-phos-
phate dehydrogenase) was used as housekeeping gene.25

Primers were synthesized by Invitrogen. PCR conditions
used were as follows: 30 cycles of 1 minute at 94°C, 1
minute at 57°C, and 2 minutes at 72°C.

Transfection of HuH-28 Cells with IGF-1
Receptor Anti-Sense Oligonucleotides

An 18-mer anti-sense phosphorothioate oligonucleotide
(S-ODN) targeted against codons 2 to 7 of the pre-
propeptide IGF-I receptor sequence,26,27 sense, and
mismatch control oligonucleotides were obtained from
Invitrogen (Invitrogen S.R.L San Giuliano Milanese, Milan,
Italy). The sequences were 5�-TCCTCCGGAGCCAGAC-
TT-3� (anti-sense), 5�-AAGTCTGGCTCCGGAGGA-3�
(sense), 5�-TGAGCCCTCCTCCGTAGA-3� (mismatch
primer 1) and 5�-CTCTGAGCCAGACGTCTC-3� (mis-
match primer 2). HuH-28 cells were kept in CMRL 1066
medium with penicillin-streptomycin-glutamine 1% �
10% fetal bovine serum (Invitrogen). Per protocol instruc-
tions, 1 day before transfection, HuH-28 cells were
plated in growth medium (10% fetal bovine serum �
0.5% antibiotics) to obtain 50% confluency at the time
of transfection. Phosphorothioate oligonucleotides were
transfected into cells using oligofectamine reagent (In-
vitrogen). Per protocol instructions, the cells were
washed two times with serum-free medium and then in-
cubated with S-ODN-oligofectamine solution at 37°C in a
CO2 incubator for 4 hours (serum-free medium). Then, a
medium containing 30% serum and 1% antibiotics was
added to the cells without removing the transfection mix-
ture, and after 2 days (30% serum) the protein expression
of IGF-1R and PCNA (proliferation marker) was analyzed.

Statistical Analysis

Data are presented as arithmetic mean � SEs. Statistical
analysis was conducted by using one-way analysis of the
variance with pair-wise comparison by the Fisher’s pro-
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tected least-significant difference test. In all cases, P �
0.05 was considered significant.

Results

Immunohistochemistry for ER, IGF-1, and IGF-
1R in Human Liver Biopsies

Cholangiocytes of intrahepatic bile ducts of normal hu-
man liver (n � 10 biopsies) were all negative at the
immunohistochemical analysis for ER-�, ER-�, IGF-1, and
IGF-1R (Figure 1A and Figure 2A). In contrast, all 18
human intrahepatic cholangiocarcinomas showed a
marked positivity for both ER-� and ER-�, which involves
81.0 � 3.5% and 82.5 � 3.7% cells, respectively, with a
staining located at both the cytoplasmic and nuclear level
(Figure 1B). The 18 biopsies of human cholangiocarci-
noma showed an intense positivity for both IGF-1 and
IGF-1R, which involved 60.8 � 2.8% and 64.4 � 3.2%
cells, respectively, with staining predominantly located at
the cytoplasmic level (Figure 2B).

Western Blot Analysis of ER, IGF-1, and IGF-1R
in Human Cholangiocarcinoma Cell Lines

Western blot analysis shows (Figure 3A) that ER-� was
expressed by the HuH-28 (human intrahepatic) cell line

but not by the TFK-1 (human extrahepatic) or Mz-ChA-1
(human gallbladder) cell lines (five independent experi-
ments). In contrast, by qualitative RT-PCR the message
for ER-� was also detected in TFK-1 and Mz-ChA-1 cells
(Figure 3B). Therefore, Western blot data should be in-
dicative for a very low level of ER-� protein expression in
these two cell lines. In comparison with the MCF7 breast
cancer cell line used as control, the expression (Western
blot) of ER-� was significantly lower (P � 0.05, five inde-
pendent experiments; Figure 3A) in HuH-28 cells. ER-�
was similarly expressed in HuH-28 (intrahepatic) and in
MCF7 breast cancer (positive control) cell lines but highly
expressed in both TFK-1 (human extrahepatic) and
Mz-ChA-1 (human gallbladder) cell line (P � 0.05
versus MCF7 or HuH-28, five independent experiments;
Figure 3A).

The protein mass of IGF-1 and IGF-1R (five indepen-
dent experiments; Figure 3A) was similar in HuH-28 (in-
trahepatic) and TFK-1 (human extrahepatic) cholangio-
carcinoma cell lines without significant differences with
respect to cell lines derived from human hepatocellular
carcinoma (Alex) or human colon carcinoma (SW480)
used as positive controls. In contrast, the Mz-ChA-1 (gall-
bladder) cell line showed a protein mass of IGF-1 and
IGF-1R significantly lower (P � 0.01, five independent
experiments; Figure 3A) than all of the other cell lines
investigated.

Figure 1. Immunohistochemistry for ER-� and ER-� in human normal liver and cholangiocarcinoma. A: Intrahepatic bile ducts of the normal liver were negative
at immunohistochemical analysis for ER-� (left) and ER-� (right). B: Biopsies of human cholangiocarcinoma showing an intense positivity for both ER-� (left)
and ER-� (right) involving both the cytoplasm and nucleus. Light microscopy. Original magnifications, �20.
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Role of Estrogens, IGF-1, and Their Receptors
in the Modulation of Cell Line Growth

Because the HuH-28 (intrahepatic) cell line, similar to
human intrahepatic cholangiocarcinoma, expresses the
protein for both ER-� and ER-�, we mainly focused on
this cell line to evaluate the role and mechanism by which
estrogens and IGF-1 modulate cell proliferation and
apoptosis. For this purpose, HuH-28 cells were deprived
of serum for 48 hours, a maneuver that elicited a 65.6 �
8% decrease of proliferation index (10 independent ex-
periments) and a 45 � 5% (10 independent experiments)
increase of apoptosis. Serum-deprived HuH-28 cells
were left without serum (controls) or exposed to serum,
17�-estradiol, IGF-1, and/or receptor antagonists for an
additional 48 hours. In controls, 48 � 48 hours serum-free
starvation elicited a 75.4 � 6% (10 independent experi-
ments) decrease of proliferation index and a 54 � 4% (10
independent experiments) increase of apoptosis with re-
spect to HuH-28 cells cultured in serum-containing me-
dia. [3H]Thymidine incorporation decreased from 7560 �
586 dpm/mg protein to 3050 � 209 dpm/mg protein after
48 hours (P � 0.01) and to 2035 � 197 dpm/mg protein
after 48 � 48 hours (P � 0.05 versus 48 hours) serum-
free starvation (10 independent experiments for each
protocol). The significant [3H]thymidine incorporation
demonstrates that a certain rate of proliferation still per-

sists in HuH-28 cells starved without serum for 48 or 48 �
48 hours. We also performed flow cytometry analysis of
propidium iodide-stained HuH-28 cells (not shown), indi-
cating that after 48 hours of serum-free starvation HuH-28
cells do not completely arrest in G1 phase, but at least
24% of cells are still under proliferation (S phase). When
serum-deprived HuH-28 cells were exposed for 48 hours
to the ER antagonists tamoxifen (1 �mol/L, 10 indepen-
dent experiments) and ICI 182,780 (1 �mol/L, 10 inde-
pendent experiments) or to the IGF-1R blocking antibody
�IR3 (1 �g/ml, 10 independent experiments), no signifi-
cant changes in proliferation index were seen (Figure
4A). Readmission of serum for 48 hours induced a
marked increase of proliferation (�67 � 7%, 10 indepen-
dent experiments) which was inhibited (P � 0.01) for
�80% (10 independent experiments) by the two ER an-
tagonists, tamoxifen and ICI 182,780, and to a higher
extent (93% inhibition) by the IGF-1R blocking antibody
�IR3 (10 independent experiments; Figure 4A). This in-
dicates that serum-induced proliferation of HuH-28 cells
primarily depends on activation of ER and/or IGF-1R.

17�-Estradiol (10 nmol/L) or IGF-1 (10 ng/ml, 1.3
nmol/L) added for 48 hours to HuH-28 cells cultured in
serum-containing media failed to induce a significant
increase of proliferation index (1.2 � 0.9%, five indepen-
dent experiments, and 0.5 � 0.4%, five independent
experiments, respectively). When 17�-estradiol (10

Figure 2. Immunohistochemistry for IGF-1 and IGF-1R in human normal liver and cholangiocarcinoma. A: Intrahepatic bile ducts of the normal liver were negative
at immunohistochemical analysis for IGF-1 (left) and IGF-1R (right). B: Biopsies of human cholangiocarcinoma showing an intense positivity for both IGF-1 and
IGF-1R at cytoplasmatic level (arrows). Light microscopy. Original magnifications, �20.
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nmol/L) or IGF-1 (10 ng/ml, 1.3 nmol/L) were added for 48
hours in the medium of serum-deprived (48 hours)
HuH-28 cells, they induced a significant (P � 0.01, 10
independent experiments) increase of proliferation index
(35.5 � 2.3% and 26.1 � 2.3%, respectively), and when
the two agents were added together, an additional
increase (48.5 � 2.7%) of proliferation index was
observed, which was significantly (P � 0.05, 10 indepen-
dent experiments) higher than that induced by 17�-es-
tradiol or IGF-1 alone (ie, 17�-estradiol � IGF-1 versus
17�-estradiol or IGF-1 alone � P � 0.05; Figure 4B). In
the same experimental conditions, the minimal concen-
tration capable to significantly increase the proliferation
index was 1 nmol/L for 17�-estradiol (7.5 � 1.1% in-
crease, eight independent experiments) and 1 ng/ml for
IGF-1 (8.4 � 0.9% increase, eight independent experi-
ments). High concentrations of 17�-estradiol (100
nmol/L, five independent experiments) or IGF-1 (100 ng/
ml, five independent experiments) failed to induce further
increase of the proliferation index with respect to the
concentration used in the study (not shown).

Results of proliferation index were confirmed by protein
expression of PCNA (Western blot), which was significantly
(P � 0.01) enhanced by 17�-estradiol and IGF-1 (six inde-
pendent experiments; Figure 4C), and when the two agents
were added together in the culture medium, the protein
mass of PCNA further increased (P � 0.05) with respect to
17�-estradiol or IGF-1 alone (six independent experiments;

Figure 4C). In contrast, apoptosis (caspase-3 assay) was
inhibited by 17�-estradiol or IGF-1 (P � 0.01 versus con-
trols, eight independent experiments) and an additional
inhibitory effect was observed when serum-deprived
HuH-28 cells were exposed to 17�-estradiol � IGF-1 (P �
0.05 versus 17�-estradiol or IGF-1 alone, eight independent
experiments; Figure 4D).

Figure 4B also shows how the stimulatory effect of 17�-
estradiol or IGF-1 on proliferation index was inhibited (P �
0.01) by �80% by the highly specific ER antagonist ICI
182,780 (10 independent experiments) and the IGF-1R
blocking antibody �IR3 (10 independent experiments). Fur-
thermore, the additive effect of 17�-estradiol � IGF-1 was
almost completely inhibited (94%, P � 0.01) by ICI 182,780
� �IR3 (10 independent experiments). However, we ob-
served that �IR3 inhibited �50% of the stimulatory effect of
17�-estradiol on the proliferation index (10 independent
experiments, P � 0.01; Figure 4B), suggesting that an in-
tact, functioning IGF-1R is also required for the stimulatory
effect of estrogens on HuH-28 cell growth.

Changes in the protein expression of receptors and
signaling proteins induced by serum readmission, IGF-1,
or 17�-estradiol in serum-deprived HuH-28 cells are
shown in Figure 5. In association with enhanced PCNA
protein expression, the protein expression of IGF-1R and
ER-� was increased whereas, in contrast, the protein
mass of ER-� was decreased in serum-deprived HuH-28
cells stimulated to proliferate by the addition of serum,

Figure 3. A: Western blot analysis of ER, IGF-1,
and IGF-1R in human cholangiocarcinoma cell
lines. Cell lines, maintained in the appropriate
culture medium (see Materials and Methods)
with 10% fetal bovine serum, were solubilized in
lysis buffer, and then the cell extract was re-
solved by 10% SDS-PAGE. The protein mass was
determined by evaluating the intensity of the
bands by scanning video densitometry and ex-
pressed (Prot. Expr.) as arbitrary densitometric
units (A.U.) normalized to �-actin expression
(ie, tested protein/�-actin � 100). Top: ER-�
was expressed by the HuH-28 (intrahepatic)
cholangiocarcinoma cell line and by the MCF7
breast cancer cell line (positive control) but not
by the TFK-1 (human extrahepatic) and Mz-
ChA-1 (human gallbladder) cell lines. ER-� was
similarly expressed in HuH-28 (intrahepatic)
and in MCF7 breast cancer (positive control) cell
lines but markedly higher expressed in both
TFK-1 (human extrahepatic) and Mz-ChA-1 (hu-
man gallbladder) cell lines. *P � 0.05 versus the
other cell lines; five independent experiments.
Bottom: IGF-1 and IGF-1R protein expression
was similar in HuH-28 (intrahepatic) and TFK-1
(human extrahepatic) cholangiocarcinoma cell
lines without significant differences with respect
to cell lines derived from human hepatocellular
carcinoma (Alex) or human colon carcinoma
(SW480) used as positive controls. In contrast,
the MZ-ChA-1 cell line showed a protein mass of
IGF-1 and IGF-1R significantly lower than all of
the other cell lines investigated. *P � 0.01 versus
the other cell lines; five independent experi-
ments. B: RT-PCR analysis of ER-� in different
cell lines. Total cellular RNA was extracted from
different cells lines and used (1 �g) for first
strand cDNA synthesis by AMV reverse tran-
scriptase. PCR primers for ER-� were based on
the published sequence.24 GAPDH was used as
a housekeeping gene.25 Neg., negative control.
The figure is representative of three indepen-
dent experiments with similar findings.
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IGF-1, 17�-estradiol, or IGF-1 � 17�-estradiol (P � 0.01
versus serum-deprived controls, eight independent ex-
periments; Figure 5). In association with higher PCNA,
17�-estradiol and IGF-1 induced, in serum-deprived
HuH-28 cells, an enhanced protein expression of phos-
phorylated (p)-AKT and p-ERK1/2 (P � 0.01 versus con-
trols, eight independent experiments; Figure 5). When
cells were exposed to 17�-estradiol � IGF-1, an addi-
tional increase of p-AKT and p-ERK1/2 was seen (17�-
estradiol � IGF-1 versus 17�-estradiol or IGF-1 alone �
P � 0.05, eight independent experiments). The protein
expression of total (t)-AKT and t-ERK were similar in the
different experiments. Finally, Figure 5 demonstrates that
serum readmission also induced an enhanced protein
expression of p-AKT and p-ERK (P � 0.01 versus con-
trols, eight independent experiments).

Transfection of HuH-28 Cells with IGF-1R Anti-
Sense Oligonucleotides

An 18-mer anti-sense S-ODN targeted against a se-
quence near the translation initiation site of the human
IGF-I receptor mRNA reduced by �90% (P � 0.01, four
independent experiments) the protein expression (West-
ern blot) of PCNA (marker of proliferation) in the HUH-28
cell lines and this effect was associated with a similar
decrease (P � 0.01, four independent experiments) of
IGF-1R protein expression (Figure 6). The sense and both
mismatch control ODNs did not have any effect on the
protein expression of both PCNA and IGF-1R. The protein
expression of ER-� and ER-� was unchanged by trans-
fection of HuH-28 cells with IGF-1R anti-sense oligonu-
cleotides (Figure 6).

Figure 4. Effects of serum, 17�-estradiol, IGF-1, and receptor antagonists on proliferation index, PCNA protein expression, and apoptosis of HuH-28 cell line.
HuH-28 cells cultured in CRML 1066 medium containing 10% fetal bovine serum were deprived of serum for 48 hours. Then the cells were maintained in
serum-deprived conditions for further 48 hours (controls, C) or exposed to serum, 17�-estradiol, IGF-1, and/or receptor antagonists for a further 48 hours.
Proliferation index, protein expression of PCNA, and apoptosis were determined. A: Effect of serum readmission on proliferation index of HuH-28 cell line in the
presence or absence of ER and IGF-1R antagonists. HuH-28 cells deprived of serum for 48 hours were maintained under serum-deprived conditions for a further
48 hours (controls, C) or exposed (48 hours) to serum in the presence or absence of the ER antagonists, tamoxifen (Tam, 1 �mol/L) and ICI 182,780 (1 �mol/L),
or the IGF-1R blocking antibody �IR3 (1 �g/ml), which were added into the culture medium. Proliferation index was calculated as the ratio (multiplied � 100)
between cell number (MTS assay) in stimulated and unstimulated (control) cultures. *P � 0.01 versus controls; §P � 0.01 versus serum; &P � 0.05 versus serum
plus Tam or serum plus ICI 182,780. Ten independent experiments for each protocol. B: Effect of 17�-estradiol, IGF-1 and antagonists of ER and IGF-1R on
proliferation index of HuH-28 cell line. HuH-28 cells deprived of serum for 48 hours were maintained under serum-deprived conditions for further 48 hours
(controls, C) or exposed (48 hours) to 17�-estradiol (17�-E, 10 nmol/L), IGF-1 (10 ng/ml, 1.3 nmol/L), the ER antagonist, ICI 182,780 (1 �mol/L), or the IGF-1R
blocking antibody, �IR3 (1 �g/ml) that were added into the culture medium. *P � 0.01 versus C; &P � 0.05 versus 17�-E or IGF-1; £P � 0.01 versus 17�-E and
IGF-1, respectively; §P � 0.01 versus 17�-E; ˆ P � 0.01 versus 17�-E and IGF-1. Ten independent experiments for each protocol. C: Western blot analysis of PCNA
(proliferation marker) in HuH-28 cell lines exposed to 17�-estradiol and IGF-1. HuH-28 cells deprived of serum for 48 hours were maintained under
serum-deprived conditions for an additional 48 hours (controls, C) or exposed (48 hours) to 17�-estradiol (17�-E, 10 nmol/L), IGF-1 10 ng/ml (1.3 nmol/L), or
17�-estradiol and IGF-1, which were added into culture medium. For Western blot analysis, cells were solubilized in lysis buffer and then resolved by 10%
SDS-PAGE. The protein mass was determined by evaluating the intensity of the bands by scanning video densitometry and expressed (Prot. Expr.) as arbitrary
densitometric units (A.U.) normalized to �-actin expression (ie, tested protein/�-actin � 100). *P � 0.01 versus controls (C); &P � 0.05 versus 17�-estradiol or
IGF-1 alone. Six independent experiments for each protocol. D: Effect of 17�-estradiol and IGF-1 on apoptosis (caspase 3 assay) of HuH-28 cell lines. HuH-28
cells deprived of serum for 48 hours, were maintained under serum-deprived conditions for an additional 48 hours (controls, C) or exposed (48 hours) to
17�-estradiol (17�-E, 10 nmol/L), IGF-1 (10 ng/ml, 1.3 nmol/L), or 17�-estradiol and IGF-1 added into the culture medium. Apoptosis was evaluated by measuring
caspase 3 activity from the hydrolysis of Ac-DEVD-pNA with release of the pNA. Caspase 3 activity resulting from the measured concentration of pNA was
expressed as percent changes with respect to controls. *P � 0.01 versus controls (C); &P � 0.05 versus 17�-estradiol or IGF-1 alone. Eight independent
experiments were performed for each protocol.
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Effect of 17�-Estradiol and IGF-1 on the
Proliferation of Cell Lines Showing Different
Expression of ER and IGF-1R

Figure 7A shows the effect of 17�-estradiol and IGF-1 on
the proliferation of the HuH-28 cell line in comparison with
the breast cancer cell line MCF7, which represents the
prototype of estrogen-responsive cells, and the two other
cholangiocarcinoma cell lines, TFK-1 (human extrahe-
patic) and Mz-ChA-1 (human gallbladder). When added
into medium of 48-hour serum-deprived cells, 17�-estra-
diol (10 nmol/L) induced, after 48 hours of exposure, a
similar increase of proliferation index in MCF7 (45.2 �
3.6%, 10 independent experiments) and HuH-28 cells
(37.4 � 2.7%, 10 independent experiments; Figure 7A),
both being significantly (P � 0.01) higher than TFK-1
(15.2 � 1.7%, 10 independent experiments) and Mz-
ChA-1 (10.4 � 1.4%, 10 independent experiments). In
MCF7 cells, the proliferative effects of 17�-estradiol were
associated with a decreased protein expression of ER-�
(P � 0.05 versus controls, eight independent experi-
ments) and unchanged ER-� (Figure 7B). This is different
from what was observed in HuH-28 cell lines in which the

protein expression of ER-� increased (P � 0.05 versus
controls, eight independent experiments) whereas that of
ER-� decreased (P � 0.05 versus controls, eight inde-
pendent experiments) after 17�-estradiol stimulation
(Figure 7B). The protein expression of ER-� was also
decreased (P � 0.05 versus controls, eight independent
experiments) in TFK-1 and Mz-ChA-1 cells, which failed
to express the ER-� protein even after stimulation with
17�-estradiol. IGF-1 (10 ng/ml) induced a similar in-
crease of proliferation index in MCF7 (35.5 � 3.1%, 10
independent experiments) and HuH-28 cells (28.8 �
2.6%, 10 independent experiments), both being signifi-
cantly (P � 0.01) higher than TFK-1 (15.5 � 1.9%, 10
independent experiments) or Mz-ChA-1 (4.8 � 1.6%, 10
independent experiments) cell line (Figure 7A).

Discussion

The main findings of this study indicate that: 1) ER-�,
ER-�, IGF-1, and IGF-1R are expressed in human intra-
hepatic cholangiocarcinoma and the human intrahepatic
cholangiocarcinoma cell line, HuH-28; 2) inhibitors of ER

Figure 5. Effect of serum, IGF-1, 17�-estradiol, and 17�-estradiol and IGF-1 on the protein expression (Western blot) of ER-�, ER-�, IGF-1R, ERK1/2, AKT, and
PCNA in HuH-28 cell lines. HuH-28 cells deprived of serum for 48 hours were maintained under serum-deprived conditions for an additional 48 hours (controls,
C) or exposed (48 hours) to serum, 17�-estradiol (17�-E, 10 nmol/L), IGF-1 (10 ng/ml, 1.3 nmol/L), or 17�-estradiol and IGF-1, which were added into the culture
medium. For Western blot analysis, cells were solubilized in lysis buffer, and then the cell extract was resolved by 10% SDS-PAGE. The protein mass was
determined by evaluating the intensity of the bands by scanning video densitometry and expressed (Prot. Expr.) as arbitrary densitometric units (A.U.) normalized
to �-actin expression (ie, tested protein/�-actin � 100). *P � 0.01 versus controls (C); §P � 0.01 versus controls, P � 0.05 versus serum or 17�-estradiol and IGF-1.
Ten independent experiments were performed for each protocol.
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and IGF-1R markedly impair serum-induced growth of
the HuH-28 cell line; 3) 17�-estradiol and IGF-1 stimulate
proliferation and inhibit apoptosis of HuH-28 cell lines
and exert additive effects; 4) the proliferative response of
HuH-28 cells to 17�-estradiol and IGF-1 was similar to
MCF7 (breast cancer) but higher than the other two chol-
angiocarcinoma cell lines (TFK-1 and Mz-ChA-1) lacking
of ER-� expression at the Western blot analysis; 5) pro-
liferation of HuH-28 cells induced by 17�-estradiol and
IGF-1 is associated with enhanced protein expression of
ER-�, p-ERK1/2, and pAKT but with decreased protein
expression of ER-�; and 6) transfection of the HuH-28
cells with IGF-1-R anti-sense oligonucleotides markedly
inhibits the proliferation of HuH-28 cell lines.

We first investigated by immunohistochemistry the ex-
pression of ER, IGF-1, and IGF-1R in biopsies of patients
with intrahepatic cholangiocarcinoma, presenting as a
single mass lesion within the liver. Although cholangio-
cytes of normal liver were negative, more than 80% of the
cholangiocarcinoma cells were intensely positive for
ER-� and ER-� in all 18 patients examined, with a staining

involving both the cytoplasm and nucleus, the latter be-
ing indicative of activated receptors. IGF-1 and IGF-1R
were also intensely positive in human intrahepatic chol-
angiocarcinoma with a staining predominantly located at
the cytoplasmic level. Biopsies of cholangiocarcinoma
were obtained from postmenopausal females or males
and all had normal bilirubin serum levels. This should
exclude that serum estrogen levels have influenced the
immunohistochemical expression of ER. In addition, the
cholangiocarcinomas examined display different de-
grees of differentiation. However, despite differences in
sex, age, and degree of differentiation the immunohisto-
chemistry showed very homogeneous features suggest-
ing that the intense positive staining for ER and IGF-1
represents typical characteristics of cholangiocarci-
noma. In many different tissues investigated, ER-� was
always linked with a positive modulatory effect of estro-
gens on proliferation and growth.6,28–31 For ER-� in con-
trast, definitive conclusions are still lacking, also because
recent data indicate a high heterogeneity of this receptor
which could be constituted by different splice vari-

Figure 6. Effect of transfection of HuH-28 cells with IGF-1-R anti-sense phosphorothioate oligonucleotides on IGF-1, ER, and PCNA protein expression. One day
before transfection, HuH-28 cells were plated in growth medium (10% fetal bovine serum and 0.5% antibiotics) to obtain 50% confluency at the time of
transfection. Phosphorothioate oligonucleotides were transfected into cells using oligofectamine reagent (Invitrogen). Cells were washed two times with
serum-free medium and then incubated with S-ODN-oligofectamine solution at 37°C in a CO2 incubator for 4 hours (serum-free medium). Then, a medium
containing 30% serum and 1% antibiotics was added to the cells without removing the transfection mixture and after 2 days (30% serum) the protein expression
of IGF-1R, ER, and PCNA (proliferation marker) was analyzed. For Western blot analysis, cells were solubilized in lysis buffer, and then the cell extract was
resolved by 10% SDS-PAGE. The protein mass was determined by evaluating the intensity of the bands by scanning video densitometry and expressed (Prot. Expr.)
as arbitrary densitometric units (A.U.) normalized to �-actin expression (ie, tested protein/�-actin � 100). *P � 0.01 versus other columns; four independent
experiments. S, sense; AS, anti-sense; M1, mismatch 1; M2, mismatch 2.
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ants.28–31 Recently, a decreased expression of ER-�
(mRNA and proteins) or an increased ratio ER-�/ER-�
has been described in tumor versus normal tissues, in-
cluding ovary, prostate, colon, and breast can-
cers.29,31–33 In these tissues, neoplastic transformation
and progression have been associated with up-regula-
tion ER-� and down-regulation of ER-�, indicating an
opposite role of the two receptor subtypes in modulating
estrogen-dependent neoplastic cell growth.29,31–33 In hu-
man intrahepatic cholangiocarcinoma, although the im-
munohistochemical expression of ER-� was similar with
respect to benign cholangiocyte proliferation occurring
during primary biliary cirrhosis, primitive sclerosing

cholangitis, and alcoholic cirrhosis,10 the expression of
ER-� was fourfold higher, suggesting a role in cancer
progression. However, further studies aimed at investi-
gating the isoforms of ER-� preferentially expressed dur-
ing neoplastic and nonneoplastic cholangiocyte prolifer-
ation should be performed.

Next we investigated the expression of ER, IGF-1, and
IGF-1R in different cholangiocarcinoma cell lines and
found that only the cell line derived from human intrahe-
patic cholangiocarcinoma, HuH-28, expressed the pro-
tein (Western blot) of ER-� and ER-� as did the human
cholangiocarcinoma biopsies. In previous studies, ERs
were detected by immunoprecipitation in cholangiocar-
cinoma cell lines34 (OZ and SK-ChA-1), but immunohis-
tochemical analysis was negative in both cell lines34 (OZ
and SK-ChA-1) and biopsies of human cholangiocarci-
noma.35 However, at variance with the present study, the
antibodies used were not specific for ER subtype.34,35

HuH-28 cells also express IGF-1 and IGF-1R with a level
of protein expression (Western blot) similar to cell lines
derived from colon or hepatocellular carcinoma in which
IGF-1 is thought to play a key role in modulating neoplas-
tic growth.36,37 Therefore, we used HuH-28 cells to eval-
uate the role of estrogens and IGF-1 in modulating neo-
plastic cell growth. We showed that the serum-induced
proliferation of HuH-28 cells is markedly inhibited by two
different ER antagonists, tamoxifen and ICI 182,780,38

and also by the IGF-1R blocking antibody �IR3.39 This
effect is specific on serum-induced proliferation, be-
cause in the absence of serum, ER and IGF-1R antago-
nists showed no effect. Therefore, most of the prolifera-
tive effect of serum is linked to activation of ER and or
IGF-1R. When HuH-28 cells were exposed to IGF-1 or
17�-estradiol, proliferation was activated and apoptosis
(caspase 3) was inhibited, and when the two agents were
simultaneously present, additive effects were observed.
Interestingly, the IGF-1R blocking antibody �IR3 partially
inhibited the effects of 17�-estradiol suggesting the in-
volvement of IGF-1R in the estrogen-stimulation of neo-
plastic cell growth. Because the specificity of �IR3 for
IGF-1 is absolute39 our findings indicate a sort of inter-
play between estrogens and IGF-1 in modulating cholan-
giocarcinoma cell growth, in which IGF-1R plays a major
role. This was further confirmed by our experiments
showing that transfection of HuH-28 cell lines with IGF-1R
anti-sense oligonucleotides induces, in association with
depression of IGF-1R protein expression, a 90% inhibi-
tion of PCNA expression, indicating a marked impairment
of cell proliferation.

When we compared cell lines with different expression
of IGF-1R and ER subtypes, we found that the two cell
lines expressing ER-� protein (MCF7 and HuH-28)
showed a higher proliferative response to estradiol with
respect to cell lines (Mz-ChA-1, TFK-1) that lack, at the
Western blot analysis, of ER-� and that the rate of prolif-
eration induced by 17�-estradiol in HuH-28 was similar
than MCF7, which should be considered the prototype of
estrogen responsive cell.40,41 This further supports the
role of ER-� in the estrogen-dependent modulation of
neoplastic cell growth. A number of different studies
showed that proliferation of MCF7 cells induced by 17�-

Figure 7. Effect of 17�-estradiol and IGF-1 on the proliferation index and
protein expression of ER-� and -� in different cell lines. A: Cell lines cultured
in medium containing 10% fetal bovine serum were deprived of serum for 48
hours. Then cells were maintained in serum-deprived conditions for a further
48 hours (controls, C) or exposed to 17�-estradiol (10 nmol/L) or IGF-1 (10
ng/ml), which were added into the culture medium for a further 48 hours.
Proliferation index was calculated as the ratio (multiplied � 100) between
cell number (MTS assay) in stimulated and unstimulated (control) cultures.
*P � 0.01 versus MCF7 or HuH-28. Ten independent experiments for each
protocol. B: For Western blot analysis, in the same experimental conditions
described for A, cells were solubilized in lysis buffer and then the cell extract
was resolved by 10% SDS-PAGE. The protein mass was determined by
evaluating the intensity of the bands by scanning video densitometry and
expressed (Prot. Expr.) as arbitrary densitometric units (A.U.) normalized to
�-actin expression (ie, tested protein/�-actin � 100). *P � 0.05 versus
controls (C, empty columns). Eight independent experiments were per-
formed for each protocol.
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estradiol or IGF-1 is associated with a decreased protein
expression of ER-� but unchanged ER-� protein
mass.40–43 This is the opposite of what was observed in
HuH-28 cell lines exposed to 17�-estradiol, which
showed enhanced ER-� and decreased ER-� protein
expression. A decreased protein mass of ER-� has been
also observed in the two other cholangiocarcinoma cell
lines that lack of ER-� protein expression. Interestingly,
proliferation of normal rat cholangiocytes induced by ex-
perimental cholestasis11 or 17�-estradiol12 administra-
tion in ovariectomized rats was associated with an in-
creased expression of both ER-� and ER-� and this is
different with respect to the neoplastic proliferation inves-
tigated in the present study. These differences, as well as
the different behavior of the ER subtypes in MCF7 and
HuH-28 cells stimulated by 17�-estradiol or IGF-1, could
be related to a different expression of ER isoforms, be-
cause several ER isoforms have been described with
different agonist interaction and different role in modula-
tion of cell proliferation.44

As far as IGF-1 is concerned, MCF7 and HuH-28 cells
showed a similar proliferative response that was much
higher than the response of TFK-1 and Mz-ChA-1 cells.
Although the lower response of Mz-ChA-1 cells is justified
by the very low IGF-1R expression (see Figure 3), that of
TFK-1 cell could be related to the absence of ER-� be-
cause of the cooperative action of the two receptors
observed in our experiments and in previous stud-
ies.29,31–33 There is increasing scientific interest in the
relationship between IGF-1, IGF-1R, and cancer because
high serum concentrations of IGF-1 are associated with
an increased risk of breast, prostate, colorectal, pan-
creas, and lung cancers.36,45–48 IGF-1 has a strong in-
fluence on cell proliferation and differentiation and is a
potent inhibitor of apoptosis.49 The action of IGF-1 is
predominantly mediated through IGF-1R, which is in-
volved in several oncogenic processes and is overex-
pressed in many tumor cell lines and in some human
tumors, in which it seems to play a critical role in trans-
formation, carcinogenesis, and metastasis.45–49 As far as
estrogen-sensitive cells are concerned, IGF-1 has been
considered as one of the candidate growth factors for
cross-talk with estrogens in the modulation of cell prolif-
eration.50–55 Estrogens appear to act in several critical
points of the IGF signal transduction pathway. Estrogens
may regulate the expression of IGF-1R, IGF-1-binding
proteins, and of crucial signaling proteins including IRS1,
the principal substrate for the tyrosine kinase of IGF-1R.50

In addition, ER-� and IGF-1R, once activated by specific
agonists, have been shown to co-precipitate, and their
state of activation (phosphorylation) as well as the related
signaling pathways have been shown to be potentiated
by their coupling.50 Finally, signaling activated by estro-
gens and IGF-1 may converge at different common trans-
duction pathways modulating proliferation, including ERK
and phosphatidylinositol-3 kinase/Akt pathways.50–56 We
found that the protein expression of phosphorylated (p)-
ERK1/2 and pAKT was increased in HuH-28 cells in-
duced to proliferate by IGF-1 and 17�-estradiol and a
further increase was observed when IGF-1 and 17�-
estradiol were added together, suggesting convergence

of the two agents into similar signaling pathways. As far
as receptors are concerned, although IGF-1R and ER-�
were increased, we found that proliferation of HuH-28 cell
lines induced by serum, IGF-1, or 17�-estradiol was as-
sociated with decreased protein mass of ER-�, in agree-
ment with studies indicating, in other neoplasms, an in-
verse correlation between cell growth and ER-� and an
anti-proliferative effect of this ER subtype.31–33

In conclusion, our study highlights the role of estro-
gens and IGF-1 in regulating the growth of human chol-
angiocarcinoma and suggests that modulation of ER and
IGF-1R could represent a future therapeutic strategy for
the management of cholangiocarcinoma.
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