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Alpha-smooth muscle actin-positive fibroblasts promote
biliary cell proliferation and correlate with
poor survival in cholangiocarcinoma
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Abstract. Cancer-associated fibroblasts have been proposed to
play a role in promoting carcinogenesis and tumor progression.
To our knowledge, no direct evidence concerning fibroblasts
in the genesis of cholangiocarcinoma (CCA) has previously
been presented. This study aims to assess the value of activated
fibroblasts with high alpha-smooth muscle actin (a-SMA)
expression as an indicator for survival in CCA patients. The
immunohistochemistry results indicated a high expression of
a-SMA in CCA fibroblasts which had a statistically significant
correlation with larger tumor size (P=0.009) and shorter
survival time (P=0.013). The effect of CCA-associated fibro-
blasts (Cfs) on non-tumorigenic biliary epithelial cells (H-69)
and CCA cell lines was investigated in vitro and compared to
the effect of non-tumorigenic liver fibroblasts (Lfs). The
increased proliferation effect of Cfs having high a-SMA on
H-69 and 4 CCA cell lines compared to Lfs that expressed
low a-SMA was observed. Cell cycle analysis indicated that
Cf-derived conditioned-medium and direct Cf-epithelial cell
contaction could drive epithelial cells into S+G2/M phases.
These results indicate that fibroblasts in CCA stroma express
high a-SMA and can be a prognostic indicator for poor
patient survival. CCA fibroblasts have proliferative effects
which may directly effect tumor promotion and progression
of biliary epithelial cells. This warrants further investigation
of fibroblasts as alternative therapeutic targets in CCA
patients.
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Introduction

Carcinomas develop from cells of epithelial origin that have
undergone genetic mutations and consequently result in the
dysregulation of normal growth-controlling mechanisms.
Research on the genesis of several carcinomas has been
focused mainly on the study of tumor cells and considered
the tumorigenesis as an independent process governed by the
genes carried within the cancer cells themselves. However,
changes in tumor stromal cells surrounding the epithelial
malignancy have been observed (1). Tumor stroma is
composed mainly of fibroblasts with a minority of inflam-
matory, smooth muscle and endothelial cells. Changes in
these stromal cells have been postulated to enhance several
tumorigenic phenotypes of the epithelial cells. It is well
accepted that epithelial and stromal cells exchange a reciprocal
molecular dialogue that ensures organ homeostasis for proper
development and function (2,3). Malignant transformation of
epithelial cells disrupts such homeostasis causing changes in
tissue architecture, adhesion, cell death and proliferation.
Cholangiocarcinoma (CCA), a carcinoma of bile duct
epithelium, is a serious health problem in South Asian
countries including Thailand, Lao People's Democratic
Republic, Vietnam, Cambodia and South China (4). Moreover,
the incidence of CCA has been reported to be increasing in
America and Europe (5,6). In Thailand the endemic area of
CCA is in the Northeastern part of the country which
strongly relates to the high incidence of a liver fluke,
Opisthorchis viverrini infection (7). While in Korea or Japan,
the risk factor for CCA is Clornorchis sinesis infection (8).
In Western countries, the genesis of CCA does not correlate
with a liver fluke infection but is associated with chronic
inflammation of the bile duct from a variety of etiologies
such as sclerosing cholangitis, choledochal cysts and
congenital hepatic fibrosis (9-11). Despite the different
causes of CCA, it is well recognized that CCA contains
abundant fibrous stroma whereas hepatocellular carcinoma
has little fibrous tissue (12). Fibrous stromal cells are a-smooth
muscle actin (a-SMA) positive and their numbers in CCA
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show a significant positive correlation with the degree of
tumor fibrosis (13). However, there has been no direct
evidence that the level of a-SMA expression in CCA fibro-
blasts has an impact on either the prognosis or the genesis of
this cancer.

Studies of fibroblasts in several tumor types support a
role of stromal cells in carcinogenesis (14-16). Fibroblasts
with a-SMA expression can also be called activated
fibroblasts or myofibroblasts which are the main cellular
constituents of reactive stroma in solid tumors and
metastases (17). These cancer-associated fibroblasts have
been proposed to give a significant impact on the progression
of adjacent malignant epithelia. Myofibroblasts in cancer are
defined by not only the expression of a-SMA, but also
fibroblast activated protein and many other proteins (18,19).
Detection of a-SMA in cancer stroma has been investigated
in many cancer types, and was proposed to have an association
with an aggressive phenotype of cancer cells (20,21).
Moreover, cumulative evidence suggests that the degree of
activated fibroblasts influence the outcome of disease.

Epithelial-fibroblast interaction has been investigated in
many carcinomas and revealed the important role of activated
fibroblasts in the promoting action on tumor progression
and metastasis (14,15,22-27). In particular, surrounding
stromal cells can release growth factors, extracellular matrix
proteins and angiogenic factors. Carcinogenic effects induced
by cancer-associated fibroblasts have been demonstrated in
in vitro models of a variety of carcinomas including prostate,
breast, colon, head and neck cancers (22-25). A study by
Olumi et al showed the prostate cancer cell proliferation
induced by the capability of fibroblasts to produce growth
factors (22). Stromal changes at the invasion front of cancers,
mainly the appearance of myofibroblasts, drove tumor invasion
(26). Moreover, fibroblast-induced angiogenesis by the
production of angiogenic factors has been reviewed in several
cancers (27). In cholangiopathic conditions, portal fibroblasts
in ligation-induced bile duct-injured rats induced biliary
epithelial cell proliferation (28). However, in our review of
the literature, there was no direct evidence of the effects of
fibroblasts in CCA stroma on human biliary epithelial cells.

Collectively, it is of great interest to study the charac-
teristic of CCA-associated fibroblasts (Cfs) and their clinical
relevance, especially in their ability to help determine the
prognosis of CCA patients. In addition, the effect of Cfs on
biliary epithelial cells is elaborated to explain the roles of
fibroblasts in cholangiocarcinogenesis. In the present study,
we investigated the expression of a-SMA in CCA tissues and
studied the association of its level to the clinicopathological
data. In this in vitro study, we isolated and characterized Cfs
compared to normal liver fibroblasts (Lfs). The co-culture of
Cfs with human biliary epithelial cell lines was performed to
assess growth-modulating effects of the fibroblasts on biliary
epithelial cells. The impact of activated fibroblasts with high
a-SMA as a prognostic marker and their potential roles in the
genesis of CCA is discussed.

Materials and methods

Cell lines. The H-69 cell line, was used as a representative of
non-tumorigenic biliary epithelial cells. It is a SV40 large-T-
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antigen infected normal biliary epithelial cell line which
could induce cells to be immortal. Four CCA cell lines
KKU-M213 and KKU-OCA17, well differentiated; KKU-
M214, moderately differentiated and KKU-100, poorly
differentiated, were kindly donated by Dr Banchob Sripa,
Department of Pathology, Faculty of Medicine, Khon Kaen
University. H-69 cells were maintained in enriched Dulbecco's
minimum essential medium (DMEM) (Gibco, Invitrogen,
Carlsbad, CA, USA) containing 10% (v/v) fetal bovine
serum (FBS) (Gibco, Invitrogen), 100 U/ml penicillin
(Gibco, Invitrogen), 100 pg/ml streptomycin (Gibco,
Invitrogen), 25 ug/ml adenine (Sigma, St. Louis, MO, USA),
5 pg/ml insulin (Gibco, Invitrogen), 1 yg/ml epinephrine
(Sigma), 13.6 ng/ml T3T triiodo-L-thyronine (T3) (Sigma),
8.3 pg/ml holo-transferrin (Gibco, Invitrogen), 0.62 pug/ml
hydrocortisone (Sigma) and 10 mg/ml epidermal growth
factor (EGF; CytoLab Ltd., Rohovot, Israel). All CCA cell
lines were grown in DMEM supplemented with 10% (v/v)
FBS and incubated in a 5% CO, incubator at 37°C. Cells with
passage of less than 10 and more than 90% viability
measured by trypan blue staining were eligible to use in the
experiments.

Patients and clinical data for a-SMA immunohistochemical
analysis. From January 1998 to December 2002, resected
specimens from patients with CCA attending the Liver Fluke
and Cholangiocarcinoma Research Center, Khon Kaen
University, Thailand, were obtained. Necessary ethical
clearance was obtained from the institute's ethics committee.
Informed consent was obtained from each patient before
surgery was performed.

Medical records of each patient were retrieved and 5-year
survival was ascertained from these records. Patients who
died within 1 month of surgical intervention were excluded
from the study. The demographic, clinical, and macroscopic
status documented during surgery in each patient were
recorded. Definite diagnosis of CCA and metastasis staging
were based on histopathological examination. Some lymph
nodes were removed during surgery for staging determination.
Tumor size was assessed as the largest diameter in the fresh
specimen. Distance from the main tumor and lymph node
metastases were recorded in surgical and pathological reports.
Staging was defined using the TNM system and classified as
stage I-IV (29,30). Stage IV was determined as the metastatic
stage. Histological classification was based on the criteria of
the WHO (29).

CCA tissue sections and immunohistochemistry for a-SMA.
We randomly selected 55 tissues from CCA patients who
underwent surgery between 1998 and 2002, without
knowledge of clinicopathological features. Tissue sections of
4-pm thickness were prepared from formalin-fixed paraffin-
embedded blocks. The sections were deparaffinized with
xylene and hydrated through ethanol and water solutions.
Antigen retrieval for a-SMA was done by boiling with high
pressure for 5 min. After pretreatment, the sections were
blocked for endogenous peroxidase activity by incubation in
0.5% (v/v) hydrogen peroxide in methanol on a shaker for
30 min and washed briefly in PBS. Non-specific binding was
blocked with 5% (v/v) normal horse serum for 30 min in a
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Table I. Primers for RT-PCR used in this study.

Gene names Accession no. Primers Sequences (5'-3") Product length (bp)

Vimentin NM_003380 Forward CAGGTGGACCAGCTAACCAA 152
Reverse TGCCAGAGACGCATTGTCA

Cytokeratin 7 NM_005556 Forward GATGCTGCCTACATGAGCAA 160
Reverse GGGAGCGACTGTTGTCCA

a-SMA NM_001613 Forward CTGTCTTCCCGTCCATCGT 146
Reverse TCAGGGTCAGGATGCCTCT

B,m NM_004048 Forward CATTCCTGAAGCTGACAGCA 150
Reverse GACTTTCCATTCTCTGCTGGA

humidified chamber at room temperature. Mouse monoclonal
anti-human o-SMA IgG (Sigma) was incubated overnight at
4°C at the dilution 1:200. HRP-rabbit anti-mouse IgG
(Zymed Laboratories, San Francisco, CA, USA) was used as
a secondary antibody. Tissue sections were incubated with
secondary antibody at the dilution of 1:500 for 30 min in a
humidified chamber at room temperature. After being washed,
the sections were reacted with 0.05% 3,3'-diaminobenzidine
tetrahydrochloride (DAB; Sigma) and 0.1% H,O, in 50 mol/l
Tris-HCI pH 7.8. For a negative control, PBS was applied on
the section instead of the primary antibody. After
development, the slides were counter-stained with Mayer's
hematoxylin for 1 min. Finally, the sections were dehydrated
through increasing concentrations of alcohol (70, 95 and
100% sequentially). The sections were cleared with xylene
three times and were then mounted with permount.

Evaluation of immunohistochemical staining. The levels of
a-SMA immunohistochemical staining in CCA tissues were
evaluated without matching knowledge of any clinical data.
The positive intensity of a-SMA in vascular smooth muscle
cells was used as the reference staining value. The a-SMA
staining in the fibroblasts within tumor stroma was qualita-
tively classified into 4 groups based on the assumption of the
intensity of a-SMA in the fibroblasts when compared to that
in vascular smooth muscle cells as follows: grade 0, no
staining of a-SMA in CCA stromal fibroblasts; grade +1,
a-SMA intensity was much lower than that in the vascular
smooth muscle cells; grade +2, a-SMA intensity was lower
than that in the vascular smooth muscle cells; grade +3, a-
SMA intensity equaled to that in the vascular smooth muscle
cells. For statistical analysis, the 0 and +1 were categorized
as low expression, +2 and +3 as high expression.

Establishment of primary culture fibroblasts. Primary
fibroblast cultures of three fibroblasts were established from
each patient including, normal skin fibroblasts (Sfs) from
leftover specimens at the abdominal incision site, non-
tumorigenic liver fibroblasts (Lfs) and CCA-associated fibro-
blasts (Cfs). For Sf primary culture, tissues were minced into
2-3 mm? fragments and plated onto culture plates containing
cultured medium under cover slips for 1 week. Then the cover

glasses were removed when Sfs had grown and were observed
around the explants. Cells were trypsinized and cultured in
DMEM containing 10% FBS and penicillin/streptomycin as
antibacterial agents and amphotericin B as an antifungal
agent. Lfs and Cfs were cultured by the mincing technique
(31). Briefly, tissues were washed thoroughly in serum-free
Ham F-12 (Gibco, Invitrogen) containing 200 U/ml penicillin
and 200 pg/ml streptomycin for 4 times to remove contami-
nating blood cells and prevent microbial contaminations. The
tissues were then placed in sterile petri dishes and cut into
~1 mm?® in size. Then the tissues were transferred to a new
petri dish and minced into ~0.2 mm? in size. Tissues were
minced thoroughly in 20% FBS containing Ham F-12 with
100 U/ml penicillin, 100 pg/ml streptomycin and 10 ng/ml
epidermal growth factor (CytoLab Ltd.), namely fibroblast-
complete medium. The remaining large pieces of tissues
were removed by centrifugation at 400 g for 5 min. The cell
pellets were washed with 1X PBS once and resuspended in
5-10 ml of fibroblast-complete medium depending on the
size of cell pellet and cultured in a 5% CO, incubator at 37°C.
After three or four passages, the obtained cultured cells were
confirmed as fibroblasts and non-epithelial cells, using the
vimentin and cytokeratin 7 detection.

Semi-quantitative reverse transcription-PCR analysis. RNA
extraction from the fibroblasts was performed once the cells
had reached about 70% confluence. Total cellular RNA was
prepared using TRIzol reagent (Gibco, Invitrogen) according
to the manufacturer's directions. The cDNA was produced by
the reverse transcription system using AMV reverse trans-
criptase (Promega, Madison, WI, USA). Two hundred and
fifty microgrames of cDNA were used in the PCR reaction
containing 1X PCR buffer, 3.5 mM MgCl,, 0.2 mM dNTPs,
0.08 U Taq polymerase, 0.5X SYBR-Green, 0.04 mM each
forward primer and reverse primer. The sequences of PCR
primers used are shown in Table I. To avoid the errors of the
amount of input cDNA in each reaction, the expression of
B2-microglobulin (8,m) was measured as the internal control.
The RT-PCR reactions were performed in ABI 7500 (Apply
Biosystem, CA, USA). The CT obtained from the experimental
samples were used to calculate the increases of altered
expression level expressed as folds to that of negative control
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by the relative quantification formula (2-44€T) as previously
reported (32).

Western blot analysis of a-SMA. Western blot analysis of
a-SMA in culture fibroblasts were performed as previously
reported (33) with minor modifications. One thousand cells
were lysed in a protein lysis buffer containing 62.5 mM
Tris-HCI1 pH 6.8, 1.25% (w/v) SDS and 5% (v/v) glycerol.
The concentration of total proteins extracted was determined
for protein assay. The 30 mg of total proteins were separated
on 10% (w/v) sodium dodecylsulfate-polyacrylamine gel
electrophoresis and transferred to a polyvinylidene fluoride
membrane (Millipore, Billerica, MA, USA) using the transfer
buffer containing 25 mM Tris-HCI pH 8.5, 192 mM glycine
and 20% (v/v) methanol in a semidry blotter (Semi-phor™ ,
Hoefer Scientific Instrument) at 12 mA for 90 min.
Membranes were then placed in the blocking solution
containing 5% (w/v) skim-milk, 150 mM NaCl and 6 mM
Tris, pH 7.4 at 4°C overnight to prevent non-specific binding.
The membrane was incubated overnight at 4°C with mouse
anti-a-SMA IgG (Sigma) (dilution 1:200) as the first anti-
body. Anti-mouse IgG conjugated with HRP (Zymed
Labolatories, San Francisco, CA, USA) (dilution 1:500) as
the secondary antibody was added to the membrane and
incubated at room temperature for 1 h. The expression of
proteins was detected by enhanced chemiluminescence
(ECL) system (Pierce, Rockford, IL, USA). The detection of
3-actin expression was used as an internal control. The
intensity of bands obtained from Cfs was compared to those
from Sfs and Lfs. For re-probing the membranes, the first
and second antibodies were removed by incubating the
membranes for 1 h at 65°C in stripping buffer containing
0.2 M glycine-HCI pH 2.5, 0.05% (v/v) Tween-20 and 0.1 M
3-mercaptoethanol.

Conditioned-medium cell proliferation assay. Conditioned-
medium (CM) of all fibroblasts were collected by growing
fibroblasts in fibroblast-complete medium for 2 days until
cells reached about 80% confluency. Then cells were washed
twice with 1X PBS and twice with 1% (v/v) FBS-Ham F-12
and incubated for 48 h. After that, CMs were collected,
centrifuged at 1,000 g for 10 min to remove cell debris,
sterile filtered and stored at -80°C until used.

For the CM cell proliferation assay, either the H-69 cell
line or CCA cell lines were plated in 96-well plates and then
allowed to settle down in 10% (v/v) FBS-Ham F-12 for 2
days. A 1% (v/v) FBS-Ham F-12 was added and incubated
for 12 h to keep them at the Gl-arrest point. Then Cf-CM,
Lf-CM and Sf-CMs were added and incubated for 2 days;
1% (v/v) FBS-Ham F-12 was added as a negative control.
After incubation, viable epithelial cells were counted using
the MTS assay according to the manufacturer's instructions
(Promega). Briefly, 20 p1 of MTS solution reagent was added
into each well containing 100 u1 of culture medium. Then, the
plates were incubated for 2 h at 37°C in a 5% CO, incubator.
The amount of soluble formazan produced by cellular
reduction of the MTS was measured by adding 25 ul of 10%
(w/v) SDS to each well to stop the reaction. The absorbance
at 490 nm using an ELISA reader was measured and
converted to the number of viable cells by comparing to the
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standard curve. The number of viable epithelial cells after
treatment with Cf~-CM was compared to those of treatment
with Lf-CM and Sf-CM. The number of viable cells cultured
in 1% (v/v) FBS-medium was used as a reference value for
comparison. The statistical significance was analyzed by t-test.
Cell cycle analysis of biliary epithelial cells treated with
Cf-CM was performed under flow cytometry after propidium
iodide (PI) staining (Gibco, Invitrogen). Epithelial cells treated
with each type of CM were trypsinized and about 1 to 5x10°
cells were collected. Then the cell pellet was obtained by
centrifugation at 400 g for 5 min and washed with 1X PBS.
Cold 70% (v/v) EtOH was added and chilled at 4°C for at
least 4 h, or if needed, at -20°C for long time storage. The
suspension was centrifuged at 400 g for 5 min to remove
all of the supernatant. One hundred microlitres of 1X PBS
containing 0.2 1 of 50 mg/ml DNase-free RNaseA (Amresco,
Solon, OH, USA) were added and incubated in a 37°C CO,
incubator for 30 min. Cell pellets were collected after centri-
fugation. Finally, 50 u1 of 1 xg/ml PI solution was added and
incubated with protection from light for at least 30 min. Cells
were then analyzed for their distribution in the cell cycle by
flow cytometry (Cytomic 500, Beckman Counter, Fullerton,
CA, USA). The distribution of cells in each stage of the cell
cycle was determined. Numbers of epithelial cells in S+G2/
M phases of the cell cycle were measured in the condition of
treatment with Cf-CM compared to those of treatment with
Lf-CM and Sf-CM. The cell cycle status of cells treated in
serum starved medium containing 1% (v/v) FBS was used as
a negative control. These experiments were repeated three
times in replicate culture dishes in the same experiments.

Contact co-culture of fibroblasts and biliary epithelial cells.
To study the contact co-culture effect of fibroblasts on biliary
epithelial cells, fibroblasts were grown in confluence, and
biliary epithelial cells were then layered on top. A green
fluorescent dye, CMFDA (5-chloromethyfluorescein diacetate,
green fluorescent chloromethyl derivatives of fluorescein
diacetate) (Gibco, Invitrogen), was used to stain the fibroblast
population adhered on the culture plates prior to addition of
the unstained biliary epithelial cells. Fluorescent microscopy
as well as flow cytometry easily distinguished the CMFDA-
stained fibroblasts from the unstained epithelial cells and
allowed separation of populations which then could proceed
to the analysis of the cell cycle distribution. This procedure
was followed with minor modification of that previously
reported (22). Briefly, 105 of each primary culture fibroblasts
were grown to confluence in 6-well plates in fibroblast-
complete medium for a 2-day period. CMFDA staining was
accomplished by incubation in 1% (v/v) FBS-Ham F-12
containing 5 uM CMFDA, 100 U/ml penicillin, and 100 mg/
ml streptomycin for 45 min at 37°C. Subsequently, the medium
was aspirated, and the fibroblasts were washed twice with
serum-free Ham F-12 and further incubated with 10% (v/v)
FBS-Ham F-12 for 1 h. Then, epithelial cells growing in
serum-free Ham F-12 for 24 h to keep them in the G1-arrest
condition, were released from the tissue culture plate by
trypsinization, and 10° cells were reconstituted with 1% (v/v)
FBS-Ham F-12 and then were plated on the CMFDA-stained
fibroblasts. The co-culture between fibroblasts and biliary
epithelial cells was performed for 4 days. Co-cultured fibro-
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Figure 1. Immunohistochemical staining for a-SMA comparing a section of non-cancerous liver tissue (A) and CCA tissues (B-E). The staining of a-SMA
classified as grade +3 in differently differentiated CCA tissues was demonstrated; well differentiated adenocarcinoma (B); moderately differentiated
adenocarcinoma (C); poorly differentiated adenocarcinoma (D); papillary adenocarcinoma (E). A negative control without primary antibody is shown (F).
Arrow represents the positive a-SMA staining of vascular smooth muscle cells (A). Bar = ~10 ym. (Magnification x200).

blasts and biliary epithelial cells were together trypsinized.
Only PI-stained epithelial cells, but not dual dye-stained
fibroblasts, were analyzed to determine the number of viable
cells and their cycle distribution pattern under flow cytometry
as was performed and mentioned earlier in CM cell prolife-
ration assay.

Statistical analysis. Statistical analysis was performed using
SPSS software version 14.0 (SPSS Inc., Chicago, IL, USA).
Comparison of low- and high-grade expression of a-SMA
was performed between stratified age groups (<57 years and
>57 years), gender, stage of tumor (stage I-III and stage IV),
size of tumor (<5 cm and >5 cm) and various histological
types using Fisher's exact test. A Kaplan-Meier curve was
plotted and the log-rank test was used to determine the
statistical significance of 5-year survival. For statistical
analysis of other experiments including viable cell counts and
level of gene expression, t-test analysis was used. P-values of
<0.05 were considered statistically significant.

Results

Increased expression of a-SMA in CCA tissues. The positive
staining of a-SMA in non-cancerous liver tissue was identified
in vascular smooth muscle cells but not stromal fibroblasts
(Fig. 1). The expression of a-SMA was observed in fibro-
blasts of the cancerous area with no staining signals from
CCA cells. Despite the different pattern of fibroblasts in the
variously differentiated CCA tissues, almost all fibroblasts
embedded in the CCA stroma were a-SMA positive. In well
differentiated tissue, fibroblasts surrounded the relatively
uniform CCA lobules, while a-SMA positive fibroblasts in
moderately and poorly differentiated tissue sections appeared
to invade nearly all of the CCA cells because of the distorted
tubular patterns. Though nearly all stromal fibroblasts were
a-SMA positive, the intensity of staining in fibroblasts of
each section was compared to that of vascular smooth muscle
cells and graded from 0-3 as described in Materials and
methods. Despite the different intensities of staining, around
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Table II. The correlation between a-SMA expression with clinical data including age, gender, tumor size, tumor staging,

histological type, vascular invasion and lymph node metastasis.

Characteristics Category n High Low P-value

Age (years) <57 28 17 11 1.000
>57 27 16 11

Gender Male 34 21 13 0.782
Female 21 12 9

Tumor size (cm) <5 20 7 13 0.009"
>5 35 26 9

Tumor staging [-1IT 10 6 4 1.000
v 45 27 18

Histological type WD 23 13 10 0.782
MD 9 7 2 0.289
PD 8 5 3 1.000
Pap 15 8 0.553

Vascular invasion Present 12 6 6 0512
Absent 43 27 16

Lymph node metastasis Present 14 12 2 1.000
Absent 41 21 20

WD, well differentiated; MD, moderately differentiated; PD, poorly differentiated; Pap, papillary; “P<0.05.

98% of total cases were a-SMA positive. Hence, tissues with 104

a-SMA intensity less than a positive control (vascular smooth '

muscle cells) (grade 0 to +1) were classified as low expression,

whereas those with a-SMA intensity more than a positive 0.8 —— Low expression

control (grade +2 to +3) were classified as high expression. ———- High expression

£

Correlation of a-SMA expression with clinical presentation. E 0.6 p=0013

Resected specimens from 55 consecutive patients, 34 were g 1‘1

male and 21 were female with a male to female ratio of 1.6:1 ; |

(Table II). Their median age was 57 years (range, 28-72 years). E 04- L

The comparisons of expression of a-SMA between age g 1

. . . . = \ - . -soe =21

groups, gender, tumor size, tumor staging, histological type, © :

vascular invasion and lymph node metastasis are shown in 0.2 4

Table II. The expression of a-SMA was similar between, age R — L

groups, sexes, tumor staging, various histological types, it ~en =31

vascular invasion and lymph node metastasis (P>0.05). 0.0 - | T T T | | )

However, high a-SMA expression was documented 0 500 1000 1500 2000 2500 3000 3500

significantly more often in tumor sizes of >5 cm (74%, 26 of Time (days)

35 cases) than of tumors <5 cm (35%, 7 of 20 cases)
(P=0.009).

Expression of a-SMA correlates with the survival time.
Survival analysis was performed in 52 patients (out of a total
of 55 cases) with 5-year follow-up data and excluding the 3
patients with 1-month postoperative period deaths possibly
caused by surgical complications. The results showed that 31
patients (60%) had high expression levels of a-SMA, whereas

Figure 2. The survival curve using Kaplan-Meier method. Survival time of
patients with tumors having a high expression of a-SMA as opposed to
patients having low expression tumors is shown. The dots indicate patients
who survived >5 years.

the other 21 patients (40%) had low expression levels (Fig. 2).
Five-year survival in the former and latter was 6% (2/31) and
29% (6/21) respectively (P=0.013). Analysis for the correlation
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primary culture fibroblasts were harvested. The expression of f3,m was used to normalize the amount of cDNA template in each sample. The expression levels
in Sf and M213 CCA cell line were used as the positive controls for vimentin and cytokeratin 7, respectively. The values shown represent the mean + SD of

three experiments.

between a-SMA expression and survival time showed that 31
(60%) of the patients who had high expression had a median
survival of 205 days and the remaining 21 (40%) with low
expression had a median survival of 358 days.

Primary culture fibroblasts expressed a high level of a-SMA
and vimentin. We established primary culture fibroblasts from
three tissue sources of CCA patients; Sfs from the abdominal
incision areas of the patients having undergone hepatectomy,
Lfs from a distant area of CCA mass embedded in the hepatec-
tomized liver; and Cfs from tumorigenic area of CCA tissues.
The morphology of all primary culture fibroblasts was a
spindle-like shape (Fig. 3A).

Real-time PCR for vimentin, a fibroblast marker, demon-
strated that all of the primary culture fibroblasts had a certain
level of expression more than that of the M213 CCA cell line
used as a negative control (Fig. 3B). The expression of
vimentin in Cfs showed at a higher level than that observed
in Lfs and Sfs and even in different Cfs. We also confirmed
the absence of epithelial biliary cell contamination in the
primary fibroblast culture by measuring the expression of the
cytokeratin-7 epithelium-specific marker. The result revealed
a slight expression of cytokeratin-7 in all primary culture
fibroblasts compared to that of M213 CCA cell lines used as
a positive control (Fig. 3C). To characterize whether these
primary culture fibroblasts were activated fibroblasts as
detected in CCA tissues, real-time PCR of a-SMA was
performed. The results revealed that Cfs had significantly
higher expression level of a-SMA than those of Lfs, whereas
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Figure 4. Detection of a-SMA in different primary culture fibroblasts by
real-time RT-PCR (A) and Western blot analysis (B). Cfs and Lfs from
different CCA patients was studied. The same number represents the identical
patients from whom the primary culture fibroblasts were harvested. The
values shown represent the mean + SD of three experiments. In Western blot
analysis, the expression of -actin was used as an internal control of a house-
keeping gene expression level.

the expression levels of a-SMA in Lfs were similar to those of
Sfs (Fig. 4A). Western blot analysis revealed higher expression
of a-SMA in Cfs than in non-tumorigenic fibroblasts (Fig. 4B).
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Cf conditioned-media significantly induced proliferation of
biliary epithelial cells. To characterize the fibroblast cultures
and compare their putative effect on cancer cells, the biliary
epithelial cells of both non-tumorigenic and tumorigenic
origin were incubated with different CMs and effects on
their proliferation and cell cycle distributions were analyzed.
The results revealed a growth-promoting effect on biliary
cells with Cf-CM treatment more than Lf-CM and Sf-CM
treatments (Fig. 5). The potential of cell proliferation
induction as measured by the MTS assay occurred in the
following order: Cf-CM > Lf-CM = Sf-CM. This prolife-
ration effect could be seen both in non-tumorigenic biliary

epithelial cells; H-69, and tumorigenic biliary epithelial cells
or CCA cell lines with different differentiations.

Cell cycle analysis of biliary epithelial cells after being
exposed to Cf-CM indicated increased number of cells in
S+G2/M phases of the cell cycle in both the H-69 cell line
(Fig. 6) and KKU-M213 CCA cell line compared to those
either treated with Lf-CM or starved in 1% (v/v) FBS
containing media. The number of cells in treatments with
Lf-CM and Sf-CM showed quite similar distribution patterns
of cells in the cell cycle. This result showed the potential of
Cf-CM to induce cell proliferation by driving both non-
tumorigenic and tumorigenic biliary epithelial cells into
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Figure 6. Cell cycle analysis of PI-stained biliary epithelial cells after treatment with different CMs. The cell populations were analyzed for DNA content after
PI staining using flow cytometry. The raw data as provided by the FACS machine, which showed the FACS profiles (x-axis, DNA content; y-axis, cell
number) of H-69 cell line are shown (A). The cell cycle distribution of the profiles was quantitated and is shown in bar graphs including G1, S+G2/M-phases
for H-69 cell line (B) and KKU-M213 cell line (C). Gl-arrest cells by culturing in 1% (v/v) FBS were used as the negative control. A higher percentage of
biliary epithelial cells in the S+G2/M phases after treatment with Cf-CM was observed compared to those treated with Lf~-CM and Sf-CM. Results are

expressed as the means + SD of triplicate experiments.

active proliferative stages of cell cycle. Moreover, the result
of Cf-CM treated H-69 showed less apoptotic activity than
the H-69 cells treated with Sf-CM or Lf-CM (Fig. 6B).
However, this result was not seen in the response of the
KKU-M213 CCA cell line (Fig. 6C).

Contact co-culture of Cf and biliary epithelial cells increased
biliary cell proliferation and activated cells into the active
stages of the cell cycle. Primary culture fibroblasts and biliary
epithelial cells were cultured together in the cell-to-cell contact
mode. The epithelial cells were plated on-top and were not

stained with CMFDA.. Cell cycle analysis of biliary epithelial
cells activated by direct contact with Cfs revealed more
numbers of cells in the proliferative stages of the cell cycle
(S+G2/M) than those contact co-cultured with Lfs and Sfs.
This phenomenon could be observed in both H-69 and
KKU-100 CCA cell lines (Fig. 7).

Discussion

Stromal-epithelial interactions can affect tumor progression
from pre-neoplasia to neoplasia. Changes in the stromal
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Figure 7. Cell cycle analysis of Pl-stained biliary epithelial cells after contact co-culture with different fibroblasts including Sf, Lf and Cf. The cell
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microenvironment, including changes in fibroblasts, endo-
thelial cells, lymphocytes and extracellular matrix, can
potentiate tumor promotion and progression in many cancer
types (22-27). Though there have been reports on the
detection of activated fibroblasts and the consequence of
marked fibrosis in CCA (13,34), the possible effect of

activated stromal fibroblasts or myofibroblasts and their
impact on the genesis and progression of CCA is not well
defined. In this study, we demonstrated the presence of
myofibroblasts in CCA tissues by immunohistochemistry and
its correlation with patient clinicopathological data. The
results of a-SMA expression indicated a high level of this
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protein only in fibroblasts embedded in CCA stroma (Fig. 1).
No a-SMA expression was observed in fibroblasts embedded
in the adjacent area to the tumor mass; not even in the CCA
cells. This result confirmed other previous studies showing
that fibroblasts in CCA stroma were a-SMA immunoreactive
(13,34) and were prominent in the sinusoids surrounding
cancer nodules and in the cancerous stroma but not in
sinusoids remote from cancer masses (13). Moreover, the
number of intratumoral a-SMA positive stromal cells showed
a significant positive correlation with the amount of
cancerous fibrous stroma in CCA (13). However, the corre-
lation of a-SMA and the prognosis of CCA patients has not
been previously reported. We demonstrated that the level of
a-SMA expression in CCA fibroblasts correlated with tumor
size (Table II) and 5-year survival of the patients with
statistical significance (Fig. 2). Patients with high a-SMA
expression in the stromal fibroblasts tend to have shorter
survival times than patients with low a-SMA. This may be
useful in identifying CCA patients with a poor prognosis.
Moreover, in regard to our data, the level of a-SMA in CCA
fibroblasts correlated with large tumor size with statistical
significance (Table II). This implies that CCA fibroblasts
may act as a tumor stromal progressing agent in CCA likely
by secreting growth promoting factors (22). We conclude
that the present data support the notion of CCA fibroblasts as
a useful indicator of patient survival, probably by inducing a
highly malignant property of cancer cells i.e. increased cell
proliferation and decreased apoptosis.

To demonstrate the effect of activated fibroblasts in CCA,
we isolated primary culture fibroblasts from fresh CCA tissues,
then characterized and studied their biological roles on
biliary epithelial cells in vitro. From the review of literature,
it was found that some cancer cells responded to fibroblasts
by direct physical contact between the cells (23,35) whereas
some responded to the secreted substances released from the
cancer fibroblasts (22,24) and some responded in both modes
(22). Herein, we did the experiments in both contact and non-
contact co-cultures between CCA fibroblasts and human
biliary epithelial cells. The proliferation, distribution in the
cell cycle and apoptotic effects of fibroblast-treated epithelial
cells were observed. Firstly, the primary culture fibroblasts
including Cfs, Lfs and Sfs were confirmed to be without
epithelial cell contamination by the presence of vimentin and
the absence of cytokeratin-7 (Fig. 3). Cytokeratin-7 has been
proven to be one of the important proteins specifically
expressed not only in normal biliary epithelium (36), but also
in CCA and liver metastases of extrahepatic bile duct cancer
(37). For vimentin, it is ubiquitously expressed by cells of
mesenchymal origin including fibroblasts, endothelial cells,
smooth muscle cells and some other cells (38). Even though
Cfs and Lfs were both fibroblasts, our data showed that the
expression of vimentin in Cfs was much higher than in Lfs
(Fig. 3B). Moreover, the expression level of vimentin in
different Cfs was also observed in the same fashion as that of
a-SMA expression (Fig. 4A). Since cancer fibroblasts with
up-regulation of vimentin were associated with poor patient
survival (39), the increased vimentin in Cfs as compared to
Lfs found in our study may imply that CCA fibroblasts
exhibited a certain phenotype different from that of non-
tumorigenic liver fibroblasts. This supports the possibility
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that Cfs have more tumorigenic functions than Lfs. In
concert with the finding in colorectal cancer where vimentin
expression was claimed to reflect a higher malignant
potential of the tumor, these findings may be useful as a
predictive marker for disease recurrence and as a marker of
poor prognosis (40). It may imply that CCA patients having
cancer fibroblasts with different levels of vimentin may have
different prognoses. With the support of further experiments
to determine the correlation of vimentin and the prognosis of
CCA patients, our findings may suggest the potential to use
vimentin expression in CCA stroma fibroblasts as a
prognostic indicator.

Portal fibroblasts with the a-SMA positive phenotype
have been demonstrated to regulate the proliferation of bile
duct epithelial cells in cholangiopathology (28). However, no
direct evidence on the effect of CCA fibroblasts on biliary
epithelial cells has been reported. In our study, primary
culture Cfs showed that the activated phenotype had a higher
expression of a-SMA than that in Lfs and Sf (Fig. 4). In the
in vitro non-contact co-culture used herein, the results showed
that Cf-CM significantly promoted biliary cell proliferation
to a greater extent than that of either Lfs or Sfs (Fig. 5).
Cf-CM treatment to the non-tumorigenic biliary epithelial
cells (H-69) dramatically stimulated cell proliferation. In
addition, the same effect was seen when CCA cell lines were
exposed to Cf-CM. This is in agreement with findings in other
cancers where substances released from cancer fibroblasts
induced epithelial cell proliferation (22,39). Cancer
fibroblasts are capable of modulating the phenotypes of
nearby epithelial cells through paracrine signaling
mechanisms. They have been documented to secrete a variety
of growth factors including transforming growth factor-8,
platelet-derived growth factor, insulin-like growth factor I
and II, hepatocyte growth factor/epithelial scatter factor,
and fibroblast growth factor (41-46). Most of these factors
are predominantly stimulators of proliferation which play an
important part in promoting the carcinogenic process. For
example, the increases in transforming growth factor-f
expression in breast cancer correlated with the accumulation
of fibrotic desmoplastic tissue (47) and increased rate of
tumor progression (48). H-69 and CCA cell lines used in this
study represent the epithelial cell at different stages of
carcinogenesis as follows: H-69 represents cells at the
promotion step whereas CCA cell lines represent cells at the
progression step. Hence, it may be proposed that Cfs can
produce secreted substances which have a proliferative effect
on biliary cells of both non-tumorigenic and tumorigenic
types, which thus can govern the cholangiocarcinogenesis at
both promotion and progression steps. Moreover, the results
revealed that Cf-CM exhibited the anti-apoptotic effect on
the H-69 cell line when compared to that treatment with
either Lf-CM or Sf-CM (Fig. 6B). However, this anti-
apoptotic effect could not be seen in CCA cell lines treated
with Cf-CM (Fig. 6C). This observation may be supported
with the previous finding that prostate cancer progression
was associated with suppression of the apoptosis pathway
via the activation of PI(3)K substrate (49). This suppression
of apoptosis is an early event occurring at the transition
from histological normal epithelium to prostate intraepi-
thelial neoplasia.
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In addition to the conditioned-medium assays, without
direct interaction between biliary epithelial cells and fibro-
blasts, we demonstrated that culturing biliary epithelial cells
on the CCA fibroblasts could influence the biliary cell proli-
feration compared to those cultured on the normal fibroblasts
(Fig. 7). Though, this can not exclude the effects of a paracrine
effect from fibroblast-derived substances, the role of cell-cell
contact to induce some signal transduction pathway-mediated
cell proliferation may be considered. The importance of such
signals which govern cell proliferation was published in
demonstrating serum-activated fibroblasts promoting clono-
genic growth of human breast cancer cells (35). In regard to
our study, the CM influence on epithelial cells without any
contact seems to show more increased biliary epithelial cell
proliferation than that of the contact experiment. This may be
due to the fact that even fibroblast-epithelial cell contact
could induce cell proliferation but at the same time, may
elaborate a cell-cell contact inhibition phenomenon that will
retard cell proliferation capacity.

In summary, a-SMA positive fibroblasts induced
proliferation of both non-tumorigenic biliary epithelial cells
and CCA cells via both secreted substances and cell-cell
contact. It is tempting to speculate that CCA fibroblasts may
directly promote and influence progression of cholangio-
carcinogenesis. In the early event, fibroblasts may induce the
non-tumorigenic epithelial cells to have uncontrolled growth
by not only stimulating the entering of cells into the cell
cycle, but also by inhibiting apoptosis. In the late stage of
carcinogenesis, when biliary epithelial cells are completely
transformed to CCA cells, induction of cell proliferation
seems to have more effect. The activated fibroblasts have
been identified to have the ability to produce many soluble
factors and reported to modulate various aspects of tumor
progression including proliferation or invasion (44,50),
angiogenesis (51) or inhibition of cell death (52).

In light of the evidence presented by us, a-SMA
expression level should prove beneficial as a predictive
marker for the 5-year survival potential of CCA patients.
These activated fibroblasts have a critical role to play in the
induction of uncontrolled tumor growth and in helping cancer
cells to exhibit aggressive malignant behavior that finally
attenuates the patient survival time. Regarding the belief that
targeting the tumor as an organ would be more effective than
targeting the tumor alone, stromal therapy has been proposed
to be more flexible and applicable to a wider range of disease
stages, as its target is dynamic (53). Furthermore, in
hepatocellular carcinoma, chemotherapy was demonstrated
to be more effective if therapies against the underlying
fibrosis were also employed (54,55). These present
experiments support the possibility to further use the
fibroblast as a therapeutic target in treatment of CCA
patients.
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