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A B S T R A C T

Galectin-3, a b-galactoside-binding lectin, is a multifunctional protein implicated in a vari-

ety of biological functions, including tumour cell adhesion, proliferation, differentiation,

cancer progression and metastasis. The present study was performed to clarify the impact

of galectin-3 expression on patients with liver fluke-associated cholangiocarcinoma. Galec-

tin-3 expression was examined immunohistochemically in 53 patients with intrahepatic

cholangiocarcinoma, who had undergone surgery without pre-operative therapy. All bile

duct epithelium expressed galectin-3 with different intensities, according to the different

histological subtypes. The poorly-differentiated type expressed galectin-3 less intensely

than the papillary, well- to moderately-differentiated types (P = 0.012). We observed the

association of low galectin-3 expression with lymphatic invasion (P = 0.002). Suppression

of galectin-3 expression in two human cholangiocarcinoma cell lines using siRNA targeted

to galectin-3 significantly increased cell migration and invasion without alterations in cell

proliferation. Regulation of galectin-3 expression may therefore be an alternative therapeu-

tic approach to control metastasis of cholangiocarcinoma.

� 2008 Elsevier Ltd. All rights reserved.
1. Introduction

Galectins are a family of carbohydrate-binding proteins that

bind b-galactoside moieties with high affinity and specificity.

To date, 16 members of the galectin family have been identi-

fied,1 of which galectin-3 (Gal-3) is one of the most frequently

reported on, due to its involvement in cancer progression and

metastasis.2 Gal-3 is a multifunctional protein implicated in a

variety of biological functions, including tumour cell adhe-
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sion, proliferation, differentiation, angiogenesis, cancer pro-

gression and metastasis.3

Gal-3 is a chimeric gene product consisting of three dis-

tinct structural domains, including a short amino-terminal

domain which controls its cellular targeting, a repetitive, col-

lagen-like sequence which serves as a substrate for the

metalloproteinase matrix and a carboxy-terminal domain

containing a carbohydrate-binding site.4 Thus, the pleiotropic

biological functions of Gal-3 depend on its subcellular
.
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location. For example, extracellular Gal-3 has been implicated

in cell migration, adhesion and cell–cell interactions,5

whereas intracellular Gal-3 exhibits anti-apoptotic activity.6,7

Gal-3 is also found in the nucleus as a nuclear matrix protein

involved in pre-mRNA splicing8 and it may regulate gene

expression at the transcription level.7,9

Cholangiocarcinoma (CCA) is a malignancy of bile duct

epithelia and the most common liver cancer amongst both

males and females in Northeast Thailand.10 The incidence

of CCA has also been increasing in industrialised countries.11

The established risk factors for CCA in the West include pri-

mary sclerosing cholangitis, Caroli’s disease, congenital cho-

ledochal cysts and chronic intrahepatic lithiasis,11 whereas

liver fluke (Opisthorchis viverrini) infection is the major risk fac-

tor in Southeast Asia.10 The strong association between the

occurrence of CCA and of liver fluke infection has been dem-

onstrated both in experimental animal12 and in epidemiolog-

ical studies.13–15 The mechanism by which liver fluke

infection contributes to the carcinogenesis of CCA is not well

understood. However, the bile duct injury resulting from liver

fluke inhabitation, and the immunopathologic processes due

to host immune responses to that inhabitation are suspected

to be the main causes of carcinogenesis in liver fluke-associ-

ated CCA.10

CCA is a highly invasive/metastasising malignancy that is

difficult to be diagnosed until the advanced or disseminated

stage, resulting in poor prognosis. A number of studies have

examined the prognostic factors of CCA; however, the exact

mechanism underlying the aggressiveness of this cancer

has not been clarified. We recently established a serial analy-

sis of gene expression (SAGE) of the primary and correspond-

ing metastatic tumours from a Thai male with CCA (http://

cgap.nci.nih.gov). Using a SAGE Digital Gene Expression Dis-

player, we found a differentially low expression of Gal-3

(LGALS3; SAGE tag: TTCACTGTGA) in the metastatic tumour

versus the primary tumour. This is interesting since evidence

indicates a correlation of Gal-3 expression to neoplastic pro-

gression in various cancers.16,17

Even though there is substantial evidence regarding Gal-3

expression in cancer, it is yet to be determined as to how

Gal-3 functions in cancer. Nevertheless, some common char-

acteristics of Gal-3-expressing cancer cells, such as uncon-

trolled proliferation, disturbed adhesiveness and resistance

to apoptosis, have been reported. The relevance of these

observations to the mechanistic role of Gal-3 in the carcino-

genesis and progression of CCA has not been examined. Here-

in, however, we present evidence that down-regulation of

Gal-3 in CCA tissue is associated with poor differentiation of

cells and lymphatic invasion. In addition, we further explore

the clinicopathological significance of low Gal-3 expression

in CCA.

2. Materials and methods

2.1. Human CCA specimens

The 53 paraffin-embedded liver tissues from the primary tu-

mours of intrahepatic CCA patients were obtained from the

specimen bank of the Liver Fluke and Cholangiocarcinoma

Research Center, Faculty of Medicine, Khon Kaen University,
Thailand. Our research protocols were approved by the Hu-

man Research Ethics Committee, Khon Kaen University

(#HE471214) and informed consent was obtained from each

subject before surgery.

All CCA subjects were hepatectomised and the operative

procedures for all patients were intended to cure. Pre-opera-

tive diagnosis and staging of CCA patients were evaluated

from clinical features, chest X-ray, ultrasonography, com-

puted tomography (CT) and magnetic resonance cholangio-

pancreatography (MRCP). The age, sex, tumour location,

tumour size, histological grading and pTNM stage18 were

evaluated from the medical charts and pathologic records.

Normal, hyper- and dys-plastic biliary epithelia were exam-

ined from non-cancerous portions of CCA liver tissues.

2.2. Immunohistochemistry

Gal-3 was detected on the formalin-fixed, paraffin-embedded

sections using standard immunohistochemistry protocols.

Specifically, the paraffin sections were deparaffinised, then

hydrated, and the endogenous peroxidase was blocked with

H2O2. After blocking with normal horse serum, the sections

were incubated with 1:1500 mouse anti-Gal-3 (Chemicon,

Temecula, CA, United States) at 4 �C overnight, followed by

1:200 goat antimouse IgG (H + L) (Zymed Laboratories, San

Francisco, CA, USA). Peroxidase activity was observed using

diaminobenzidine tetrahydroxychloride solution (DAB, Dako,

Glostrup, Denmark) as the substrate. The sections were coun-

terstained with haematoxylin. The positive staining was

eliminated when phosphate-buffered saline was applied in-

stead of the primary antibody. Colon tissues were used as

the positive control.

The slides were evaluated independently by two investiga-

tors who had no prior knowledge of the clinicopathological

and survival data. The frequency of Gal-3 positive cells was

semi-quantitatively scored on the basis of the percentage of

positive cells as 0% = negative; 1–25% = +1; 26–50% = +2; and

>50% = +3. The intensity of Gal-3 expression was scored as

weak = 1, moderate = 2 and strong = 3. The average Gal-3

expression of each section was calculated as intensity multi-

plied by frequency and categorised as low (62) or high (>2).

2.3. Cell lines and culture condition

Two respective CCA cell lines, KKU-100 and KKU-M214, were

established as described by Sripa and colleagues.19 KKU-100

was established from primary tumour of a 65-year-old Thai

woman with CCA of porta-hepatis-poorly-differentiated

tubular adenocarcinoma, whereas KKU-M214 was from the

primary tumour of a 52-year-old Thai male with well-differ-

entiated type-mass forming CCA. CCA cells were cultured in

HAM-F12 (Life Technologies, Rockville, MD, USA) supple-

mented with 10% w/v foetal calf serum, 100 U/ml penicillin

and 100 lg/ml streptomycin at 37 �C and 5% CO2.

2.4. Transient knockdown of Gal-3 using siRNA

CCA cells (8 · 104 cells in 2 ml complete culture medium) were

seeded into a 6-well plate for 24 h before transfection. The

siRNA specific for human Gal-3 derived from the mRNA

http://cgap.nci.nih.gov
http://cgap.nci.nih.gov
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sequence (5 0-GGTGCCTCGCATGCTGATAAC-3 0) of human Gal-

3 (siGal-3) was obtained from JbioS Inc., Saitama, Japan. The

siGal-3 was dissolved in annealing buffer, reheated to 95 �C
for 1 min and then incubated for 1 h at 37 �C, following the

protocol described previously.20 Transfection of CCA cells

with 100 pM siGal-3 was performed using Lipofectamine

2000 (Invitrogen, Carlsbad, CA) according to the manufac-

turer’s instructions. As a mock control, cells were treated with

(2 lg) Lipofectamine 2000 under identical conditions. After

siRNA transfection, the plates were incubated at 37 �C for

24–72 h for further analysis.

2.5. Protein extraction and Western blot analysis

Total cell lysate extractions and Western blots were per-

formed as previously described.21 The blots were then probed

with 1:10,000 anti-Gal-3 antibody (Chemicon, Temecula, CA,

USA) or with 1:5000 anti-b actin antibody (Sigma–Aldrich, St.

Louis, MO, USA) as an internal control. The immuno-reactive

proteins were visualised by Western Lightning Chemilumi-

nescence Reagents (PerkinElmer Ltd., Boston, MA, USA).

Quantitative analysis of Gal-3/b-actin expression was per-

formed using Gel-Pro analyser (Media Cybernetics, Silver

Spring, MD, USA).

2.6. Cell proliferation assay

CCA cells (104 cells/100 ll) in a culture medium were seeded

into a 96-well plate and incubated at 37 �C, 5% CO2. The num-

ber of cells was determined using sulforhodamine B (SRB) as-

say at 24-h intervals for 3 d, as described previously.21 Briefly,

cells were fixed in 10% cold trichloroacetic acid for 1 h at 4 �C
and stained with 0.4% w/v SRB in 1% v/v acetic acid for

30 min. After washing the excess dye with 1% acetic acid,

the SRB stained cells were solubilised with 200 ll of 10 mM

unbuffered Tris–base solution and the absorbance was mea-

sured at 540 nm.

2.7. Migration and invasion assay

Migration and invasion were determined using Transwell�

(8 lm pore size, Corning Inc., NY, USA). Briefly, 4 · 104 of

CCA cells or 48 h siGal-3 transfected cells in serum-free

HAM-F12 medium were seeded into each of the upper cham-

ber and aliquots of HAM-F12 supplemented with 10% w/v foe-

tal calf serum were placed in the lower compartment of the

chamber. After incubation at 37 �C for 12 h for the KKU-100

or 10 h for the KKU-M214, cells in the upper surface of the fil-

ter were scraped off using a cotton swab. Cells, which mi-

grated to the underside of the filter, were fixed with 25% v/v

methanol for 15 min and stained with 0.5% w/v crystal violet

in 25% v/v methanol. The number of migrated cells was

counted under a microscope by an independent investigator.

Mean values of nine low-power fields (100· magnification)

were determined. Assays were done in triplicate and two

independent experiments were repeated.

For invasion assay, 4 · 104 CCA cells or siGal-3 transfected

cells in complete medium were seeded into each of the 0.3-

mg, pre-coated Matrigel-culture inserts (Becton-Dickinson,

San Jose, CA, USA). The chamber was incubated at 37 �C, 5%
CO2, 20 h for the KKU-100 or 18 h for the KKU-M214. The num-

ber of invaded cells was determined in the same way as stated

for the migration assay.

2.8. Statistical analysis

Statistical analyses were performed using Sigma Stat version

3.1 software (Systat Software UK Limited., London, United

Kingdom). Expression of Gal-3 was assessed for association

with various clinical and pathological parameters using the

v2-test. Patient survival was calculated from the time of surgi-

cal resection to death and the survival curves were calculated

according to Kaplan–Meier, with a log-rank test. Results from

migration and invasion experiments are presented as

means ± SD and the significance of the differences was ad-

dressed by Student’s t-test. A P-value <0.05 was considered

statistically significant.

3. Results

Of the 53 CCA patients studied, 74% were male, resulting in a

male to female ratio of 2.8: 1. In this series, advanced (IVA and

IVB) (88%) and intrahepatic mass-forming CCA (68%) predom-

inated. The common metastatic sites of CCA patients in this

study were diaphragm, omentum and gallbladder.

3.1. Immunohistochemical expression of Gal-3 in CCA

Immunohistochemical analysis, with anti-Gal-3 antibody of

normal, hyper/dys-plastic and tumour tissues of bile duct epi-

thelium of CCA patients, showed diffuse and strong cytoplas-

mic immuno-reactivity. Intraluminal macrophages but not

hepatocytes were also positive for Gal-3 (Fig. 1A). The majority

of bile duct epithelia exhibited cytoplasmic Gal-3, whereas

only 14 of 53 cases (26.4%) had cytoplasmic with weak nuclear

immuno-reactivity. Strong Gal-3 expression was observed in

normal bile duct epithelium (Fig. 1A) and moderately- and

well-differentiated malignant bile ducts (Fig. 1B and C). Signif-

icantly, lower Gal-3 expression was found in the poorly-differ-

entiated type of CCA (P = 0.012) and was associated with

lymphatic invasion (P = 0.002) (Fig. 1D, thin arrow) (Table 1).

We did not find any correlation between the expression level

or localisation of Gal-3 and other clinical and pathological

findings, e.g. tumour staging, tumour size, vascular and neu-

ral invasions, level of serum liver enzymes or jaundice (total

bilirubin >2 mg/dl).

Cumulative survival was compared amongst CCA patients

with low and high expression of Gal-3. Patients with survival

under 30 d were labelled ‘peri-operative death’ (n = 2) and ex-

cluded from the analysis. The median follow-up duration of

patients in this study was 224 d. All patients died by the end

of the follow-up period. The median survival time was 324 d

(95% confidence interval (CI), 172–476 d) for CCA patients with

low Gal-3 expression and 557 d (95% CI, 274–839 d) for those

with high Gal-3 expression. However, we did not find a signif-

icant difference in the survival times of CCA patients with low

and high Gal-3 expression (log-rank, P = 0.281) (Fig. 2).

Multivariate Cox regression analysis revealed that tumour

staging was an independent prognostic indicator for the over-

all survival of intrahepatic CCA patients after hepatectomy



Fig. 1 – Immunohistochemistry of Gal-3 in CCA tissues. Normal bile ducts (thick arrows) and intraluminal macrophages (A),

moderately- (B), and well-differentiated CCA (C) show strong expression of Gal-3. Lymphatic metastatic CCA (thin arrow)

shows less Gal-3 staining compared to the normal bile ducts (thick arrow) (D). Original magnification, 100·.
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(Table 2). Patients with stage IVA had better prognosis than

those with stage IVB.

3.2. Specific knockdown of Gal-3 enhances cell motility
and invasion

To address the functional importance of Gal-3, we employed

RNAi to deplete the expression of Gal-3 in two CCA cell lines

(viz., KKU-100 and KKU-M214). b-Actin was detected to assess

the specificity of siGal-3 and the equality of protein loading in

the immunoblotting analysis. The optimal level of siGal-3

(100 pM) was transfected into the cells to minimise potential

off-target effects of siRNA, as shown by the expression of b-

actin. As determined by Western blotting with Gal-3 antibody,

cells treated with siRNA targeting 5 0- GTTATCAGCATGCGAGG-

CACC-3 0 for 72 h significantly suppressed Gal-3 expression to

20% of the control (Fig. 3) without any observed change in the

level of b-actin and cell phenotype. Mock transfection did not

affect the expression level of Gal-3 or b-actin in CCA cell lines.

This in vitro suppression of Gal-3 expression may mimic the

low level of Gal-3 expression found in poorly-differentiated

CCA.

siRNA knockdown of Gal-3 in CCA cells for 72 h did not af-

fect cell proliferation as monitored by SRB assay. Mock or si-

Gal-3 transfected cells exhibited similar proliferation rates

(Fig. 4). No apoptotic cell-death characteristics were observed

under a phase contrast microscope after either treatment.

Thus, the subsequent investigations of cell migration and
invasion were done within 72 h after transient knockdown

with siGal-3.

The reduction of Gal-3 expression resulted in a significant

increase over the parental controls in the number of cells

which had migrated and invaded. The numbers of migrated

cells in the siGal-3 treated groups (40 ± 11 for KKU-100 and

31 ± 9 for KKU-M214) were considerably higher than those of

the controls (22 ± 5 for KKU-100, P = 0.004 and 19 ± 5 for

KKU-M214, P = 0.023) (Fig. 5). A similar observation was made

from the invasion assay. Significantly, more numbers of in-

vaded cells were found in CCA cells treated with siGal-3

(142 ± 34 for KKU-100 and 135 ± 23 for KKU-M214) than the

controls (21 ± 8 for KKU-100, P < 0.001 and 111 ± 18 for KKU-

M214, P = 0.004) (Fig. 6).

4. Discussion

Although most galectins are ubiquitously expressed in vari-

ous normal human tissues, in most cancers, galectins are

either silenced or up-regulated.22 Our data, obtained by eval-

uating Gal-3 expression in neoplastic bile duct epithelial tis-

sues, show that this protein is generally expressed in

normal, precancerous and malignant tumours. The intensity

of Gal-3 immuno-reactivity, however, is different according

to the histological grading subtype of CCA. Gal-3 was highly

expressed in papillary, well- to moderately-differentiated

carcinomas but down-regulated in poorly-differentiated

tumours. Down-regulation of galectin-3 expression in



Table 1 – Pathological features of CCA patients and
expressions of Gal-3 in primary tumour tissues

Gal-3 expression

n Low High P

Age

656 26 9 (34.6%) 17 (65.4%) 0.471

>56 27 13 (48.1%) 14 (51.9%)

Sex

Male 39 15 (38.5%) 24 (61.5%) 0.663

Female 14 7 (50.0%) 7 (50.0%)

Staging

II–III 6 2 (33.3%) 4 (66.7%) 0.494

IVA 8 2 (25.0%) 6 (75.0%)

IVB 39 18 (48.7%) 21 (51.3%)

Gross type

Intraductal growth type 13 4 (30.8%) 9 (69.2%) 0.104

Mass-forming type 36 18 (50.0%) 18 (50.0%)

Mixed type 4 0 (0%) 4 (100%)

Histological grading

Invasive papillary 13 4 (30.8%) 9 (69.2%) 0.012

Well- to moderately-

differentiated

25 7 (28.0%) 18 (72.0%)

Poorly-differentiated 9 8 (88.9%) 1 (1.1%)

Mixed 6 3(50.0%) 3 (50.0%)

Vascular invasion

No 20 10 (50.0%) 10 (50.0%) 0.491

Yes 33 12 (36.4%) 21 (63.6%)

Neural invasion

No 32 13 (40.6%) 19 (59.4%) 0.902

Yes 21 9 (42.8%) 12 (57.2%)

Lymphatic invasion

No 13 0 (0%) 13 (100%) 0.002

Yes 40 22 (55.0%) 18 (45.0%)

Fig. 2 – Survival curves using Kaplan–Meier method. Sur-

vival curves showed that patients with high Gal-3 expres-

sion have no significant different survival compared to

those who had low Gal-3 expression (P = 0.281).
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poorly-differentiated CCA seems to be a common phenotype

of this CCA subtype since similar observation was also re-

ported for intrahepatic CCA of Japanese patients who had

no history of liver fluke infection.23 In the present study, asso-

ciations of low Gal-3 expression with poorly-differentiated

CCA and lymphatic invasion were observed. These observa-

tions implied that low Gal-3 expression may correlate with

unfavourable outcome since these two parameters are known

to result in a poor prognosis for CCA patients.24,25 However,

the correlation of Gal-3 expression and patients’ survival

could not be demonstrated in the present study. This is prob-

ably due to the small number of CCA patients with low Gal-3

expression and/or with poorly-differentiated type CCA. In

addition, the majority of the patients (88%) in the present

study were in advanced stage with metastasis. Nevertheless,

down-regulation of Gal-3 in more aggressive phenotypes has

been described for CCA23 and several human cancers, e.g.

breast,4 colon,26 ovarian27 and thyroid28 carcinomas.

Many reports indicate multiple roles for Gal-3 in cancer

pathogenesis, proliferation and metastasis; however, altering

Gal-3 expression can result in increased or decreased prolifer-

ation, differentiation and metastasis in a specific way,

depending on the properties of the particular cell type. The

finding that down-regulation of Gal-3 expression is associated
with a more aggressive type of CCA and positive lymphatic

invasion prompted us to investigate the effects of Gal-3 sup-

pression on cell growth and metastasis of CCA cell lines.

Since RNA interference allows in-depth study of the molecu-

lar mechanisms of a specific gene target, we used siRNA du-

plexes to specifically examine the roles of Gal-3 in growth,

migration and invasion of CCA cell lines in vitro. Our results

did not support the association of Gal-3 expression and cell

growth as depletion of Gal-3 by siRNA had no effect on the

proliferation of the CCA cell lines studied. siRNA silencing

of Gal-3 expression, however, significantly enhanced cell

migration and invasion of CCA cells; thus, suppression of

Gal-3 may be critical for migration and invasion of CCA.

Gal-3 functions differ depending on the site of its localisa-

tion and cell types. Expression of Gal-3 in breast carcinoma

cell lines leads to rapid spread of the cells.29 In prostate and

several other cancers, however, cytosolic accumulation of

Gal-3 promoted metastasis, angiogenesis and abolition of

anchorage dependence, while its nuclear localisation inhib-

ited metastasis and anchorage independence and promoted

apoptosis.26,30,31 In our study, Gal-3 was mostly found in cyto-

plasmic compartments of CCA tissues and can possibly be

implicated in increasing cell motility and invasion. This find-

ing is in agreement with studies on prostate cancer in which

cytoplasmic Gal-3 induced significantly increased Matrigel

invasion, anchorage-independent growth and in vivo tumour

growth and angiogenesis.30

The role of Gal-3 in cell migration and invasion may be

attributed to the cytoplasmic and extracellular Gal-3. Gal-3

can bind some cytokeratins bearing a terminal a1,3 linked

N-acetylgalactosamine residue in cytoplasm and may modu-

late cell motility.32 On the other hand, extracellular Gal-3 may

exhibit numerous autocrines and paracrines which affect and

mediate CCA phenotypes and functions by means of cell–cell



Table 2 – Multivariate analysis by a Cox Proportional
Hazards Regression model

Variable HR
(hazard
ratio)

95% confidence
interval (CI)

P

Sex

Female 1

Male 1.155 0.57–2.31 0.685

Age

>56 1

<56 0.973 0.42–2.25 0.949

Gal-3 expression

Low 1

High 1.054 0.45–2.46 0.901

Gross type

Intraductal growth type 1

Mass forming 1.16 0.85–4.61 0.450

Mixed 1.26 0.33–4.85 0.726

Histological grading

Invasive papillary 1

Well- to moderately-

differentiated

0.649 0.11–3.59 0.620

Poorly-differentiated 0.554 0.19–1.56 0.265

Mixed 0.792 0.24–2.59 0.701

Staging

II–III 1

IVA 0.214 0.05–0.78 0.020

IVB 1.09 0.38–3.07 0.867

Vascular invasion

No 1

Yes 0.635 0.30–1.13 0.216

Neural invasion

No 1

Yes 0.862 0.31–2.36 0.716

Lymphatic invasion

No 1

Yes 0.52 0.23–1.18 0.118

Fig. 3 – siGal-3 suppresses Gal-3 expression in CCA cell lines

(viz., KKU-100 and KKU-M214). (A) Expression of Gal-3

protein by immunoblotting with anti-Gal-3. (B) Relative Gal-

3 expression levels (% of parental control) after siGal-3

transfection for 72 h.

Fig. 4 – Effect of siGal-3 on cell proliferation. The number of

cells was determined by SRB assay. CCA cell lines KKU-100

(A) or KKU-M214 (B) were treated with either lipofectamine

(solid line) or siGal-3 (dashed line) for 24, 48 and 72 h.

Each point represents averaged values from triplicates.
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and cell–matrix contacts. The effect of Gal-3 as a modulator of

cell adhesion is based on its multivalent properties and on its

ability to bind cell surface glycoproteins and glycosylated

components of the extracellular matrix. Gal-3 was shown to

bind laminin, fibronectin, hensin, elastin, collagen IV and ten-

ascin. Gal-3 also binds certain integrins (a1b1 integrin and a

subunit of aMb1 integrin), the main membrane molecules in-

volved in cell adhesion.33 Gal-3 can inhibit or potentiate cell

adhesion of different cell types depending on its concentra-

tion. Suppression of cellular Gal-3 expression may reduce

extracellular Gal-3, minimise the interaction of cell to extra-

cellular matrix and subsequently reduce cell adhesion, which

in turn would promote cell migration, as evidenced in our

study. The precise mechanism(s) by which Gal-3 regulates

these processes in CCA, however, needs confirmation.

Gal-3 expression depends on a complex, fine-tuned mech-

anism involving numerous transcription factors and signal-

ling pathways, which varies with cell type, external stimuli

and environmental conditions. The present study demon-

strates the down-regulation of Gal-3 expression in poorly-dif-
ferentiated and lymphatically invasive CCA. Our data, which

show that the suppression of Gal-3 expression results in sig-



Fig. 5 – Effect of siGal-3 on cell motility. Numbers of migrated

cells were compared between mock- (black bar) and siGal-3-

treated CCA cells (grey bar). The data are the averaged values

from triplicates and represent one of the two independent

experiments. *P = 0.023, **P = 0.004.

Fig. 6 – Effect of siGal-3 on cell invasion. The numbers of

cells invading the Matrigel were compared between the

mock- (black bar) and siGal-3-transfected CCA cells (grey

bar). The data are the averaged values from triplicates and

represent one of the two independent experiments.
*P = 0.004; **P < 0.001.
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nificantly enhanced cell migration and invasion in vitro, indi-

cate that a decrease in Gal-3 expression may be an important

factor influencing tumour progression in CCA. These results

suggest that Gal-3 could be functionally involved in CCA

progression and metastasis; however, further studies are

necessary to detail the exact mechanism by which Gal-3

down-regulation influences the CCA phenotype.
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