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Abstract

Introduction: Cholangiocarcinoma is a rare malignancy of the biliary tract, the incidence of which is rising, but the
pathogenesis of which remains uncertain. No common genetic defects have been described but it is accepted that chronic
inflammation is an important contributing factor. We have shown that primary human cholangiocyte and hepatocyte
survival is tightly regulated via co-operative interactions between two tumour necrosis family (TNF) receptor family
members; CD40 and Fas (CD95). Functional deficiency of CD154, the ligand for CD40, leads to a failure of clearance of biliary
tract infections and a predisposition to cholangiocarcinoma implying a direct link between TNF receptor-mediated
apoptosis and the development of cholangiocarcinoma.

Aims: To determine whether malignant cholangiocytes display defects in CD40 mediated apoptosis. By comparing CD40
and Fas-mediated apoptosis and intracellular signalling in primary human cholangiocytes and three cholangiocyte cell lines.

Results: Primary cholangiocytes and cholangiocyte cell lines were relatively insensitive to direct Fas-mediated killing with
exogenous FasL when compared with Jurkat cells, which readily underwent Fas-mediated apoptosis, but were extremely
sensitive to CD154 stimulation. The sensitivity of cells to CD40 activation was similar in magnitude in both primary and
malignant cells and was STAT-3 and AP-1 dependent in both.

Conclusions: 1) Both primary and malignant cholangiocytes are relatively resistant to Fas–mediated killing but show
exquisite sensitivity to CD154, suggesting that the CD40 pathway is intact and fully functional in both primary and
malignant cholangiocytes 2) The relative insensitivity of cholangiocytes to Fas activation demonstrates the importance of
CD40 augmentation of Fas dependent death in these cells. Agonistic therapies which target CD40 and associated
intracellular signalling pathways may be effective in promoting apoptosis of malignant cholangiocytes.
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Introduction

Fas (CD95) is a prototypic death inducing receptor of the TNF

receptor superfamily which induces death by apoptosis when

engaged by its ligand FasL (CD178) [1,2]. Fas is widely expressed

in the heart, liver, spleen and thymus [3] and regulated expression

of CD178 is critical to prevent uncontrolled Fas activation in B

lymphocytes [4]. The liver expresses low levels of Fas constitutively

which increase rapidly during inflammation rendering hepatocytes

potentially susceptible to Fas-mediated death. Biliary cells in

primary biliary cirrhosis (PBC) were originally reported to undergo

apoptosis in response to FasL cross linking which contributes to

progressive bile duct loss [5]. In addition to Fas, liver epithelial

cells express other death receptors of the TNF Receptor

superfamily (TNFR) in response to inflammation or infection

including TRAIL receptors, TNFR1/2, and CD40 rendering

them susceptible to apoptosis via several receptors [6].

CD40, a 50 kDa cell surface type I glycoprotein first discovered

on B cells, lacks a classical death domain [7]. The cognate ligand

for CD40, CD154 (CD40 ligand, CD40L, gp39, TRAP) does not

bind other TNFR although it can interact with the soluble

complement inhibitor C4b binding protein which may function as

a competitive inhibitor of CD40 activation [8]. CD154 is a type II

transmembrane protein that retains activity as a soluble trimer. It

is expressed on the surface of several cell types including activated

T lymphocytes and macrophages [9,10].

CD40 on B cells regulates cell survival, proliferation and isotype

class switching [11]. Patients with X-linked hyper IgM syndrome

have a mutation in the CD154 gene, which is associated with

enhanced susceptibility to Pneumocystis Carinii, Cryptosporidosis and

development of biliary tract, liver and pancreatic tumours [12].

The presence of CD40 on the majority of carcinomas [13], its

absence or low constitutive expression on normal tissue, and

inducibility of CD40 by pro-inflammatory cytokines such as TNFa
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and IFN-c indicate a potential role for CD40 in the development

of malignancy at sites where there is chronic inflammation [14].

That there are approximately 27 TNFR compared with 19

known TNF ligands implies shared receptors and integrated

signaling pathways; for example all members of the TNF

superfamily can activate NF-kB albeit to varying degrees [15].

We were the first group to demonstrate that CD40 activation

induces Fas-dependent apoptosis of hepatocytes via induction of

autocrine/paracrine FasL in vitro, and may amplify hepatocyte loss

in liver injury [16]. Our subsequent work demonstrated that CD40

and Fas are expressed by cholangiocytes (biliary epithelial cells) in

inflamed portal tracts and ligation of cholangiocyte CD40 by

CD154 leads to autocrine or paracrine amplification of Fas

mediated apoptosis mediated through sustained activation of AP-1

(JNK/ERK) and JAK2 dependent activation of STAT-3 [17,18].

Cholangiocarcinoma is a rare but rapidly increasing malignancy

of the biliary tract [19]. It is usually diagnosed late and average 5

year survival rates are only 5%–10%. Cholangiocarcinoma is 10

times more common in Japan and Southeast Asia due to a high

incidence of Clonorchis sinensis and Clonorchis viverrini parasitic

infections [20]. Other risk factors for cholangiocarcinoma include

hepatolithiasis [21], abnormal biliary anatomy (15% increased

risk) [22], chronic hepatitis B or C infection [23] and primary

sclerosing cholangitis, a chronic inflammatory and scarring disease

of the bile ducts [24]. The pathogenesis of cholangiocarcinoma

development in biliary disease is unknown but chronic inflamma-

tion, bile salt toxicity and chronic bacterial contamination have all

been implicated [25].

Constitutive activation of the CD40 pathway has been implicated

in cell transformation and neoplastic growth [26]. Paradoxically

some ovarian and cervical cancer cell lines express CD40 and can

be induced to undergo apoptosis when stimulated with a range of

TNF ligands [27]. This prompted us to investigate whether CD40 is

expressed in cholangiocarcinoma and if so whether it is functional

and therefore a potential therapeutic target.

We report that cholangiocarcinoma cells express functional

CD40 and undergo apoptosis when stimulated with soluble

trimeric CD154. This was associated with an increase in FasL

mRNA and signaling via AP-1 (c-Fos/c-Jun) and STAT-3. We

also show for the first time that both cholangiocarcinoma cell lines

and primary cholangiocytes were comparatively insensitive to

directly stimulation with exogenous FasL despite expressing

abundant levels of cell surface Fas. These observations shed

further light on TNFR mediated mechanisms which control

epithelial cell fate and have important implications for therapeutic

approaches to treatment of cholangiocarcinoma.

Materials and Methods

2.1. Sources of liver tissue and isolation of cholangiocytes
Cholangiocytes were isolated from a variety of end stage liver

disease tissue removed at transplantation and from non-diseased

liver tissue from organs that were surplus to transplant

requirements [28]. All tissue was obtained from fully informed

patients with written consent. Ethical approval for the study was

granted by the South Birmingham Research Ethics Committee

(LREC ref. CA/5192). Liver tissue underwent mechanical and

enzymatic digestion with Collagenase type 1A (Sigma Aldrich,

Dorset, UK) and density gradient centrifugation on 33%/77%

Percoll. Cholangiocytes were further purified by immunomagnetic

isolation using antibodies against the cholangiocyte-specific

receptor HEA 125 (Progen, Heidelberg, Germany). The cells

were cultured in Dulbecco’s Modified Eagle medium, Hams F12

plus 10% heat-inactivated human serum, glutamine (2 mM),

hepatocyte growth factor (10 ng/ml, Peprotech, London, UK),

epidermal growth factor (10 ng/ml, Peprotech), hydrocortisone

(2 mg/ml), cholera toxin (10 ng/ml, Sigma Aldrich), tri-iodo-

thyronine (2 nM, Sigma Aldrich) and insulin (0.124 U/ml) with

penicillin (100 IU/ml) and streptomycin (100 mg/ml, Gibco,

California, USA). Cells were cultured to confluence in tissue

culture flasks coated with rat tail collagen.

Cells were harvested by gentle trypsinization (Invitrogen) and

used between passage 2 and 5 to ensure phenotypic stability.

AKN-1 (a gift from Dr A Nussler, University of Ulm, Germany),

CC-LP-1 and CC-SW-1 (a gift from Dr P Bosma, AMC Liver

Centre, University of Amsterdam, Netherlands) were maintained in

DMEM with 10% FCS, L-glutamine (2 mM), penicillin (100 U/ml)

and streptomycin (100 mg/ml) on uncoated flasks. Jurkat cells were

maintained in RPMI 1640 (Invitrogen) with 10% FCS, L-glutamine

(2 mM), penicillin (100 U/ml) and streptomycin (100 mg/ml).

2.2 Expression of CD40, Fas and FasL by flow cytometry
Cell surface expression of CD40, Fas or FasL was assessed by

flow cytometry using a Coulter Epics XL flow cytometer and the

following antibodies: CD40-PE (10 mg/ml, Axxora, Bingham,

UK), Fas-PE (10 mg/ml, Dako, Ely, UK) and FasL-PE (4 mg/ml,

BD Pharmingen, Oxford, UK) with an isotype-matched IgG1-PE

antibody (10 mg/ml, Dako). All data were analysed using

Cytomation Summit v3.1 (Dako).

2.3 Assessment of FasL involvement in apoptosis by RT-
PCR

Cholangiocyte FasL mRNA expression was measured by RT-

PCR after incubation of cells with soluble recombinant human

(srh) trimeric CD154 (1 mg/ml, Axxora, ALX-522-015), or soluble

recombinant human FasL (50 ng/ml, Axxora, ALX-522-001) for

24 hours. The concentrations of CD154 and FasL were optimum

as used in previously published studies [16,17,18]. The ligand

concentrations were determined by titration against primary

hepatocytes or cholangiocytes (for CD154) or against a Fashigh

Jurkat cell line. No further increases in apoptosis was observed

with higher concentrations of either ligand on the primary cells

(data not shown) or on the Jurkat cell line where 50 ng/ml result in

apoptosis of .90% of the total population. Total RNA was

extracted with the Qiagen RNEasy kit (Qiagen, Crawley, UK)

according to the manufacturer’s protocol. FasL and b-actin

mRNA were detected using RT-PCR. Primer pairs for FasL

and b-actin were synthesized by Alta Bioscience Ltd. (Birming-

ham, UK) using the following sequences: FasL forward 59-

ACTGGCAGCATCTTCACTTC-39 and reverse 59-TTCAAA-

ATCTTGACCAAATGC-39, b-actin forward 59-CATCAC-

CATTGGCAATGAGC-39 and reverse 59-ATCCACACGGAG-

TACTTG-39. Reverse transcription (RT) was carried out using a

standard protocol incubating the RT mix at room temperature for

10 min, followed by 1 h at 42uC and 5 min at 95uC. Samples were

held at 4uC before PCR amplification according to the following

cycling program: 2 min denaturation at 96uC, followed by 35

cycles of 30 seconds at 96uC, 1 minute at 55uC, and 1 minute at

72uC with a final extension for 10 minutes at 72uC. Samples were

held at 4uC overnight. After PCR amplification, samples were

electrophoresed in 2% agarose gel and stained with ethidium

bromide.

2.4 Transcription factor activation in cells following
stimulation with CD154

Cholangiocyte monolayers were treated with srh CD154 (1 mg/

ml), srh FasL (50 ng/ml) or srh TNFa (10 ng/ml Peprotech) for

CD40 and Fas Mediated Death
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24 hours. Monolayers were then harvested by scraping into ice

cold PBS. Cytoplasmic and nuclear protein extracts were

prepared using a standard protocol [29] and protein content of

each sample determined using the Micro Lowry Total Protein Kit

(Sigma, according to the manufacturer’s instructions). Samples

(40 mg protein) were resolved on a 10% Bis-Acrylamide gel by

SDS-PAGE, followed by transfer to nitrocellulose membrane

(Amersham Pharmacia Biotech, Buckinghamshire, UK). Mem-

branes were blocked overnight at 4uC in phosphate-buffered

saline (PBS) containing 5% w/v non-fat dried milk and then

washed (3610 minutes) with 0.1% Tween-20/PBS, before

incubating with primary antibodies. All incubations were for

1 hour at room temperature in PBS Tween containing 5% w/v

non-fat dried milk. The following antibodies were used; a)

phospho-STAT3 mouse monoclonal antibody at 0.2 mg/ml

(Santa Cruz Biotechnology Inc. Cat. No. sc-8059, Santa Cruz,

CA, USA). b) c-Fos rabbit polyclonal primary antibody at

0.4 mg/ml (Santa Cruz Biotechnology Inc. Cat. No. sc-52). c) c-

Jun rabbit polyclonal primary antibody at 0.4 mg/ml (Santa Cruz

Biotechnology Inc. Cat. No. sc-44) and d) b-actin mouse

monoclonal antibody at 0.4 mg/ml (Sigma, Cat. No. A5441).

Antibodies were detected using either horse radish peroxidase

(HRP) conjugated rabbit anti mouse IgG (1.3 mg/ml) for 1 hour

at room temperature or HRP conjugated goat anti rabbit IgG

(0.25 mg/ml) for 1 hour at room temperature (Dako). Protein

bands were visualised using enhanced chemiluminescence (Pierce

Perbio, Cramlington, UK) and exposure to Hyperfilm-ECL

(Amersham Pharmacia Biotech) and quantified by densitometry

scanning (BioRad 2000 Gel Doc system, BioRad, Hemel

Hempsted, UK). Equality of protein loading and transfer onto

membranes was confirmed by probing for b-actin and staining

with Ponceau S solution (Sigma).

2.5 Assessment of apoptosis by in situ DNA end labelling
(ISEL) staining

Apoptosis was quantified by ISEL staining and assessment of

morphology on cytospin preparations of cholangiocytes as

previously described [30,31].

Cholangiocytes were incubated for 24 hours in a) medium alone

b) 1 mg/ml srh CD154, a concentration previously shown to

provide optimal induction of apoptosis in these cells [15] or srh

FasL 50 ng/ml (optimal dose for induction of apoptosis in the

Jurkat cell line).

2.6 Statistical analysis
Data are expressed as the mean 6 SD from at least three

experiments unless otherwise stated. A Student’s unpaired t-test

was used to compare individual data with control values. A

probability of P,0.05 was taken as denoting a significant

difference from control data. All primary cell culture experiments

were carried out a minimum of 3 times.

Results

Protein expression of CD40, Fas and FasL on isolated
cholangiocytes

In the absence of stimulation cultured primary human

cholangiocytes and the cell lines expressed CD40, high levels of

Fas and very low levels of FasL. Fas and FasL levels were

unchanged by the addition of IFN-c to the culture media for

48 hours whereas CD40 expression increased significantly in

response to IFN-c in all cell types except AKN-1 cells (figure 1).

Induction of FasL mRNA following CD40 activation on
cholangiocarcinoma cell lines and primary
cholangiocytes

Activation of cholangiocarcinoma cell lines or primary cholan-

giocytes with soluble trimeric CD154 resulted in a significant

increase in FasL mRNA after 4 hours stimulation compared with

basal levels in unstimulated cells. Although the results for the CC-

LP-1 cell line failed to reach statistical significance (when

compared to b-actin controls) the trend was the same as the

other two cell lines and the primary cells (figure 2).

Transcription factor activation in cholangiocarcinoma
cells compared with primary cholangiocytes

We previously reported [17] that activation of cholangiocytes by

CD40 ligation results in sustained upregulation of c-Fos/c-Jun

(AP-1 subunits) and phosphorylation of STAT3 and apoptotic cell

death [18]. Here although there was some variation in the

magnitude of response between cells types, the trend/activation

profile was similar to the primary cells in all three cholangiocarci-

noma cell lines (figure 3). pSTAT-3, c-Fos and c-Jun increased in

all cells following stimulation with CD154 compared to unstimu-

lated cells or those stimulated with FasL or TNFa.

Induction of apoptosis after stimulation with soluble
CD154 or FasL

Activation of cell-surface CD40 with srh CD154 induced similar

high levels of apoptosis in primary and malignant cells after

24 hours; whereas only the CC-SW-1 cholangiocarcinoma cell

line underwent apoptosis when stimulated with FasL for 24 hours

despite all cell lines and primary cells expressing high levels of cell

surface Fas. The Jurkat cell line was used as a positive control to

show that the srh FasL was functional and could induce apoptosis

in an appropriately sensitive cell line cultured in similar conditions

(figure 4).

Discussion

We have demonstrated that cholangiocarcinoma cells express

CD40 and like primary cholangiocytes are exquisitely sensitive

to CD154 mediated apoptosis. After stimulation with CD154

there was a sustained upregulation of FasL and induction of

apoptosis was accompanied by activation of the AP-1 (c-Fos/

c-Jun) and pSTAT-3 signalling pathways as previously reported

in primary cholangiocytes [16,17,18]. Thus the functional

elements of the CD40 death-inducing mechanism are intact in

cholangiocarcinoma.

The expression of CD40 on cholangiocarcinoma and the

increased levels of expression detected after IFN-c stimulation are

consistent with previous studies reporting CD40 expression on

other carcinomas e.g. nasopharyngeal carcinoma [32,33]. The

increased levels of CD40 seen in diseased tissue and cholangio-

carcinoma could be explained by high local levels of proin-

flammatory cytokines such as TNFa and IFN-c at sites of

persistent chronic inflammation [14].

Fas is expressed by non-malignant bile ducts and expression

increases in chronic inflammatory biliary disease and on bile

ducts that have become dysplastic [34]. Fas is also expressed in

well-differentiated cholangiocarcinoma but expression is dimin-

ished or absent from poorly differentiated tumours [34].

Cholangiocarcinoma cell lines display variable levels of Fas,

for example the extrahepatic cholangiocarcinoma cell line Sk-

ChA-1 includes a mixed population of high and low Fas-

expressing cells as determined by mRNA and protein analysis

CD40 and Fas Mediated Death
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[35,36]. Thus although cholangiocytes constitutively express Fas

and this is preserved during neoplastic transformation it can be

downregulated as the tumour becomes more genetically

unstable [34].

FasL mRNA expression has also been reported to be increased

in malignant cholangiocytes compared with the low levels detected

in non-malignant cells [37]. All three cell lines we studies showed

low expression of FasL but this was readily increased by CD154

Figure 1. Expression of CD40, Fas and FasL protein on the cell surface assessed by flow cytometry. Cells were grown in media alone or
stimulated with IFN-c at 50 ng/ml for 48 hours. (a) flow cytometry histograms of matched isotype control (red outline) and CD40, Fas and FasL
expression (green solid colour) (b) shows the percentage positive cells for CD40, Fas and FasL protein. n = 3+/2 standard deviation. *p,0.05,
**p,0.01 as compared to untreated controls.
doi:10.1371/journal.pone.0014037.g001

CD40 and Fas Mediated Death
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stimulation. Inhibition of gene transcription, alteration of

posttranscriptional modification and protein processing may

account for the low constitutive FasL expression observed.

After 4 hours incubation in media alone or with srh FasL, low

levels of FasL mRNA were detected. When cells were incubated

with soluble recombinant CD154, expression of FasL mRNA was

markedly upregulated. These data are consistent with previous

studies in which CD154 stimulation of primary non-malignant

cholangiocytes increased FasL mRNA threefold compared to

media alone. Previous studies with hepatocytes also showed that

apoptosis after stimulation with CD154 could be significantly

reduced with a blocking antibody to FasL. The sustained

upregulation of FasL may explain why the pro-apoptotic effects

of CD154 are so potent providing an essential amplification signal

to maintain FasL production and thus promote autocrine/

paracrine Fas activation [17].

Specific transcription factors have been implicated in regulating

cholangiocyte death and survival [17,18] and here we found these

were conserved in the cholangiocarcinoma cells. The signalling

pathways examined previously were characterized extensively

using specific pharmacological inhibitors and shown to be critical

for induction of cholangiocyte apoptosis after CD154 ligation.

STAT-3 was examined because it can regulate cell survival and

drive apoptosis in mammary epithelial cells [38]. Previous studies

in the liver suggested that STAT-3 is a global cell survival factor

involved in tissue regeneration but these experiments used whole

liver extracts and therefore do not show what happens to

individual cell types [39]. It is the phosphorylated form of the

molecule that conveys signals and at 24 hours after treatment with

CD154 levels of phospho STAT-3 were increased compared with

FasL stimulated or unstimulated cells suggesting that in these

circumstances and cells STAT-3 is pro-apoptotic [18]. CD40

ligation can also cause the activation of the transcription factor

complex AP-1, which consists of two heterodimer subunits c-Fos

and c-Jun [40] and these have been found to be pro-apoptotic

[41,42,43] because they form dimers capable of binding to

promoter regions of genes involved in apoptosis such as caspase 3.

Consistent with this we found increased levels of c-Fos and c-Jun in

cells undergoing apoptosis at 24 hours in response to CD154 but

not FasL. The activation demonstrated here of STAT-3 and AP-1

(c-Jun and c-Fos) following CD154 treatment suggests that these

are common pathways downstream for CD40 in both the primary

and malignant cells and are associated with apoptotic cell death. In

vivo the scenario is likely to be more complex. It may be for

example that cholangiocarcinoma cells do become increasingly

insensitive to Fas ligation and protected from CD40 induced

apoptosis as a consequence of the high levels of the CD154

antagonist C4BP found in close proximity to the tumours [8]. At

present this remains an area under active investigation in our

laboratory.

Primary cholangiocytes and cholangiocarcinoma cells intriguing

seemed to express low levels of CD40 but high levels of Fas.

However in contrast to CD154, very little apoptosis was observed

when stimulated directly with FasL. This finding was not expected

and suggests that Fas activation does not deliver a potent pro-

apoptotic signal in cholangiocytes or their malignant counterparts.

Figure 2. Fas ligand induction to promote apoptosis assessed by RT-PCR at 4 hours. Cells were grown in culture media alone, stimulated
with srh CD154 at 1 mg/ml or srh FasL at 50 ng/ml for 4 hours. (a) densitometry scanning data for FasL PCR gels at 4 hours. n = 4+/2 standard error of
the mean. (b i) a representative FasL PCR gel and (b ii) the corresponding b-actin gel. *p,0.05, **p,0.01 as compared to untreated controls.
doi:10.1371/journal.pone.0014037.g002
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Fas resistance is well-reported in several cancers [44,45] and may

provide an important survival advantage to the tumour. However

here we have demonstrated for the first time that normal

cholangiocytes are similarly insensitive to FasL. The reasons for

this are presently unknown but the fact that we can induce Fas-

dependent apoptosis via CD40 ligation in these cells suggests that

CD40 not only induces FasL expression to provide autocrine Fas

activation but that it also directly induces signals that activate the

otherwise suppressed Fas death pathway. The finding that the

lymphocyte-derived Jurkat cell line readily underwent apoptosis

when stimulated with srh FasL indicates that the differences were

due to cell type and not the biological activity of the ligand.

When any of the cell types were challenged with soluble CD154,

the majority underwent apoptosis, with the cell lines being equally

as sensitive as the primary cells. The response of primary

cholangiocytes is consistent with what we have shown previously

[17] but differ from a study which reported that both non-

malignant and malignant urothelial cells failed to undergo

apoptosis when stimulated with soluble CD154, whereas cell-

bound CD154 induced apoptosis of the malignant cell lines. This

Figure 3. Transcription factor activation in cells undergoing apoptosis after stimulation with soluble TNF ligands. Cells were grown in
media alone, with srh CD154 at 1 mg/ml, srh FasL at 50 ng/ml or srh TNFa at 10 ng/ml for 24 hours. Graphs show densitometry scanning data, n = 3+/
2 standard deviation and representative autoradiographs of primary cholangiocyte samples showing (a) pSTAT-3 (60 kDa), (b) c-Fos (60 kDa) and (c)
c-Jun (35 kDa) all with their corresponding b-actin blots (45 kDa). *p,0.05, **p,0.01, ***p,0.001 as compared to untreated controls.
doi:10.1371/journal.pone.0014037.g003

CD40 and Fas Mediated Death
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Figure 4. Apoptosis induction in cholangiocytes after stimulation with soluble TNF ligands. All cells were cytocentrifuged and stained by
the standard ISEL technique to detect apoptosis after culture in media alone, media with srh CD154 at 1 mg/ml or media with srh FasL at 50 ng/ml for
24 hours. All control slides without DNA polymerase klenow fragment were negative (a i). (a ii) primary cholangiocytes in media alone, (a iii) shows
primary cholangiocytes stimulated with soluble CD154 and (a iv) primary cholangiocytes challenged with soluble FasL. (b) shows the percentage
positive ISEL stained cells in all cell types when grown in media alone, with CD154 or with FasL. n = 3+/2 standard deviation. *p,0.05, **p0.01,
***p,0.001 as compared to untreated controls.
doi:10.1371/journal.pone.0014037.g004
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lead the authors to conclude that mode of ligand presentation was

important for the induction of apoptosis [46]. That we saw

responses with srh CD154 might relate to the nature of the ligand

we used but suggests also that ligand presentation may not be

critical for this pathway.

At least one previous study reported that a CD40 positive

tumour cell line resistant to Fas cytotoxicity was susceptible to

TNFR or CD40-mediated death [47]. It has been known for a

number of years that members of the TNF superfamily can

interact with each other, and this includes CD40 and Fas. While

some studies showed that stimulating the CD40 receptor inhibits

Fas-induced apoptosis in normal and neoplastic cells [48,49],

many more have shown that CD40 and Fas can synergize to

enhance the apoptosis signal to increase cell death and that

receptor levels on the cell surface may determine the outcome.

Other studies have examined the CD40/Fas costimulatory effects

on apoptosis in malignant cells and found that this also occurs in a

range of tumour cell lines including the human myeloma cell line

XG2 [50], B cell lymphoma cells [51], breast carcinoma cell lines

[52] and chronic lymphocytic leukemia cells [53]. Chu and

colleagues reported that CD40 ligation on CLL B cells induced a

programme of events in which shifts in the balance of anti-

apoptotic and pro-apoptotic FLIP and FADD were associated with

initial resistance to Fas-mediated killing followed by subsequent

sensitization. A similar mechanism could be operating in these

cholangiocarcinoma cells that are resistant to direct Fas ligation

but die in a Fas-dependent process after CD40 ligation. Here we

have shown that similar mechanisms apply to cholangiocarcinoma

cells.

One of the most interesting findings in this study was that

despite the apparent low levels of CD40 on the cell surface, all of

the cholangiocarcinoma cell lines nevertheless under went high

levels of apoptosis. This apparent lack of correlation between

receptor levels and biological effect may be explained by

differences in receptor density and/or occupancy. The importance

of receptor occupancy and CD154 concentration in determining

functional outcome has been reported previously in Burkitt

lymphoma cells where high concentrations of CD154 suppressed

proliferation while low concentrations of CD154 sustained growth

[54]. Another and possibly more likely explanation was that only a

small subpopulation of cells are required to express CD40 which

once stimulated express and present sufficient FasL to drive

apoptosis in Fas expressing neighboring cells in a juxtacrine or

paracrine manner. This clearly warrants further studies which are

beyond the scope of the present investigation but if correct it

suggests that under these circumstances it is the juxtacrine/

paracrine mechanism of FasL presentation which predominates as

a mechanism for regulation of apoptosis in cholangiocytes. This

remains speculative but worthy of future investigation.

Because CD40 is upregulated in many cancers it is a potential

target for anti-cancer therapy. Recombinant CD154 has been

used in a phase I clinical trial in patients with either advanced solid

tumours or high grade non-Hodgkin’s lymphoma with some

evidence of efficacy and little evidence of serious toxicity [55]. A

humanized anti-CD154 antibody (hu5C8) was developed with the

objective of suppressing CD40-mediated immune activation in

autoimmune disease and transplantation but clinical trails were

complicated by increased thromboembolic events and had to be

halted [56]. Anti-human CD154 antibody (AB1793) has subse-

quently been shown to prevent kidney allograft rejection in

monkeys presumably by suppression of immune cell activation

[57] but also possibly by inhibiting renal epithelial cell loss

resulting from similar mechanisms to those proposed in the liver.

The authors concluded that the thromboembolic events seen

previously were antibody class-specific thus reviving enthusiasm

for its clinical use.

Tumours which express CD40 can stimulate the generation of

anti-tumour effector cells [58] and CD40 activation in vivo

enhances the survival of activated T cells [59] and promotes DC

accumulation and survival [60]. CD154 has been transduced into

murine tumours in a mouse model of prostate cancer to reduce cell

viability and increase apoptosis. Vaccination of CD154-expressing

cells induced anti-tumour immunity and peritumoural injections

induced tumour growth suppression [61]. There is growing

evidence that macrophages are capable of killing tumour cells

[62] and our previous studies reporting that CD154-bearing

macrophages are present in the human liver and can induce

apoptosis in CD40-expressing cholangiocytes [63] suggests

another mechanism through which CD40 could mediated anti-

tumour responses in cholangiocarcinoma.

In this study we have shown that cholangiocarcinoma cells lines

are resistant to Fas–mediated killing but show sensitivity to CD40

mediated apoptosis suggesting that CD154 therapy might be

effective in the treatment and management of cholangiocarci-

noma. CD40/CD154 therapy in cholangiocarcinoma could work

in two ways; by stimulating anti-tumour responses in leukocytes,

and by the indirect promotion of cell death via CD40-dependent

induction of FasL. However caution is necessary because there is

the potential for inducing death of non-malignant cholangiocytes if

the treatment is not targeted to the tumour.

Acknowledgments

The authors gratefully acknowledge clinical members of the

Queen Elizabeth University Hospital Liver and Hepatobiliary

Surgical Unit for assistance with procurement of tissue samples.

The authors are grateful to Dr Andreas Nussler (University of

Ulm, Germany) and Dr Piter Bosma (University of Amsterdam,

Netherlands) for supplying the cell lines. We would also like to

thank Mrs Gill Muirhead for all her technical assistance.

Author Contributions

Conceived and designed the experiments: EH SA. Performed the

experiments: EH. Analyzed the data: EH KTW SA. Contributed

reagents/materials/analysis tools: KTW. Wrote the paper: EH SA.

Offered expert advice on interpretation of data and manuscript

preparation: DHA.

References

1. Itoh N, Yonehara S, Ishii A, Yonehara M, Mizushima S, et al. (1991) The

polypeptide encoded by the cDNA for human cell surface antigen Fas can

mediate apoptosis. Cell 66: 233–243.

2. Suda T, Takahashi P, Goldstein P, Nagata S (1993) Molecular cloning and

expression of Fas ligand, a novel member of the tumour necrosis family. Cell 75:

1169–1178.

3. French LE, Hahne M, Viarde I, Radlgrubber G, Zanone R, et al. (1996) Fas and

Fas ligand in embryos and adult mice: ligand expression in several immune-

privileged tissues and co expression in adult tissues characterized by apoptotic

cell turnover. Journal of Cell Biology 133(2): 335–343.

4. Bonfoco E, Stuart PM, Brunner T, Lin T, Griffith TS, et al. (1998) Inducible

non-lymphoid expression of Fas ligand is responsible for superantigen-induced

peripheral deletion of T cells. Immunity 9: 711–720.

5. Harada K, Ozaki S, Gershwin ME, Nakanuma Y (1997) Enhanced apoptosis

relates to bile duct loss in primary biliary cirrhosis. Hepatology 26(6): 1399–1405.

6. Afford SC, Adams DH (2005) Following the TRAIL from hepatitis C virus and

alcohol to the fatty liver. Gut 54: 1518–1520.

7. Paulie S, Ehlin-Hericksson B, Mellstedt H, Koho H, Ben-Aissa H, et al. (1985)

p50 surface antigen restricted to urinary bladder carcinomas and B lymphocytes.

Cancer Immunol Immunother 20: 23–28.

CD40 and Fas Mediated Death

PLoS ONE | www.plosone.org 8 November 2010 | Volume 5 | Issue 11 | e14037



8. Williams KT, Young SP, Negus A, Young LS, Adams DH, et al. (2007) C4b
binding protein binds to CD154 preventing CD40 mediated cholangiocyte

apoptosis: a novel link between complement and epithelial cell survival. PLoS

One 2: e159.

9. Ochs HD, Hollenbaugh D, Aruffo A (1994) The role of CD40L (gp39)/CD40 in
T/B cell interactions in primary immunodeficiency. Seminars In Immunology 6:

337–341.

10. Mach F, Schonbeck U, Sukhova G, Bourcier T, Bonefoy JY, et al. (1997)
Functional CD40 ligand is expressed on human vascular endothelial cells,

smooth muscle cells and macrophages: implications for CD40/CD40L signalling
in atherosclerosis. Proc of the Natl Acad of Sci U S A 94: 1931–1936.

11. Armitage RJ, Fanslow WC, Strockbine L, Sato TA, Clifford KN, et al. (1992)

Molecular and biological characterisation of a murine ligand for CD40. Nature
357: 80–82.

12. Hayward AR, Levy J, Facchetti F, Notarangelo L, Ochs HD, et al. (1997)

Cholangiopathy and tumours of the pancreas, liver and biliary tree in boys with

X-linked immunodeficiency with hyper IgM. Journal of Immunology 158:
977–983.

13. Ottaiano A, Pisano C, De Chiara A, Ascierto PA, Botti G, et al. 2002 CD40

activation as a potential tool in malignant neoplasms. Tumorigenesis 88(5):
361–366.

14. Stamenkovic I, Clark EA, Seed B (1989) A B-lymphocyte activation molecule

related to the nerve growth factor receptor and induced by cytokines in
carcinomas. EMBO Journal 8: 1403–1410.

15. Gaur U, Aggarwal BB (2003) Regulation of proliferation, survival and apoptosis

by members of the TNF superfamily. Biochemical Pharmacology 66:
1403–1408.

16. Afford SC, Randhawa S, Eliopoulos AG, Hubscher SG, Young LS, et al. (1999)

CD40 activation induces apoptosis in cultured human hepatocytes via induction
of cell surface Fas ligand expression and amplifies Fas-mediated hepatocyte

death during allograft rejection. The Journal of Experimental Medicine 89:

441–446.

17. Afford SC, Ahmed-Choudhury J, Randhawa S, Russell C, Youster J, et al.

(2001) CD40 activation-induced, Fas dependent apoptosis and NF-kappaB/AP-

1 signalling in human intrahepatic biliary epithelial cells. FASEB journal 15:
2345–2354.

18. Ahmed-Choudhury J, Williams KT, Young LS, Adams DH, Afford SC (2006)

CD40 mediated human cholangiocyte apoptosis requires JAK2 dependent
activation of STAT3 in addition to activation of JNK 1/2 and ERK 1/2.

Cellular Signalling 18: 456–468.

19. Khan SA, Thomas HC, Davidson BR, Taylor-Robinson SD (2005) Cholangio-
carcinoma. The Lancet 365: 1303–1314.

20. Watanapa P (1996) Cholangiocarcinoma in patients with opisthorchiasis. British

Journal of Surgery 83: 1062–1064.

21. Kubo S, Kinoshita H, Hirohashi K, Hamba H (1995) Hepatolithiasis associated
with cholangiocarcinoma. World Journal of Surgery 19: 637–641.

22. Lipsett PA, Pitt HA, Colombani PM, Biotnott JK, Cameron JL (1994)

Choledochal cyst disease: a changing pattern of presentation. Annals of Surgery
220: 644–652.

23. Shin HR, Lee CU, Park HJ, Seol SY, Chung JM, et al. (1996) Hepatitis B and C

virus, Clonorchis sinensis for the risk of liver cancer: a case-control study in
Pusan, Korea. International Journal of Epidemiology 25: 933–940.

24. Broome U, Olsson R, Loof L, Bodemar G, Hultcrantz R, et al. (1996) Natural

history and prognostic factors in 305 Swedish patients with primary sclerosing
cholangitis. Gut 38: 610–615.

25. Ohtsuka T, Inoue K, Ohuchida J, Nabae T, Takahata S, et al. (2001)

Carcinoma arising in choledochocele. Endoscopy 33: 614–619.

26. Baxendale AJ, Dawson CW, Stewart SE, Mudaliar V, Reynolds G, et al. (2005)
Constitutive activation of the CD40 pathway promotes cell transformation and

neoplastic growth. Oncogene 24: 7913–7923.

27. Eliopoulos A, Davies C, Knox PG, Gallagher NJ, Afford SC, et al. (2000) CD40
induces apoptosis in carcinoma cells through activation of cytotoxic ligands of

the tumour necrosis factor family. Molecular and Cellular Biology 20:

5503–5515.

28. Joplin R, Strain AJ, Neuberger JM (1989) Immuno-isolation and culture of
biliary epithelial cells from normal human liver. In Vitro Cell Development and

Biology 25: 1189–1192.

29. Abmayr SM, Yao T, Parmely T, Workman JL (2006) Preparation of Nuclear
and Cytoplasmic Extracts from Mammalian Cells. in Asubel FM, Brent R,

Kingston RE, Moore DD, Seidman JG, Smith JA, Struhl K, eds. Current
Protocols in Molecular Biology John Wiley & Sons: New York.

30. Afford SC, Hubscher S, Strain AJ, Adams DH, Neuberger JM (1995) Apoptosis

in the human liver during allograft rejection and end-stage liver disease. Journal
of Pathology 176: 373–380.

31. Ansari B, Coates PJ, Greenstein BD, Hall PA (1993) In situ end labeling detects

DNA strand breaks in apoptosis and other physiological and pathological states.
Journal of Pathology 170: 1–8.

32. Zong YS, Lin H, Choy DT, Sham JS, Wei W, et al. (1991) Nasopharyngeal

carcinoma and lymph infiltration. Oncology 48: 290–296.

33. Rissoan MC, Van Kooten C, Chomart P, Galibert L, Durand I, et al. (1996)
The functional CD40 antigen on fibroblasts may contribute to the proliferation

of rheumatoid synovium. Clinical and Experimental Immunology 106: 481–490.

34. Shimonishi T, Isse K, Shibata F, Aburanti I, Tsuneyama K, et al. (2000) Up-

regulation of Fas ligand at early stages and down-regulation of Fas at progressed

stages of intrahepatic cholangiocarcinoma reflect evasion from immune

surveillance. Hepatology 32: 761–769.

35. Pickens A, Pan G, McDonald JM, Vickers SM (1999) Fas expression prevents

cholangiocarcinoma growth. Journal of Gastrointestinal Surgery 3: 374–382.

36. Pan G, Ahn EY, Chen Y, Feng G, Reddy V, et al. (2007) Reciprocal co-

expression of Fas and Fas ligand in human cholangiocarcinoma. International

Journal of Oncology. 31: 843–850.

37. Que FG, Phan VA, Phan VH, Celli A, Batts K, et al. (1999) Cholangiocarci-

noma express Fas ligand and disable the Fas receptor. Hepatology 30(6):

1398–1404.

38. Chapman RS, Lourenco PC, Tonner E, Flint DJ, Selbert S, et al. (1993)

Suppression of epithelial apoptosis and delayed mammary gland involution in

mice with a conditional knockout of STAT-3. Genes and Development 13:

2604–2616.

39. Starkel P, Bishop K, Horsmans Y, Strain AJ (2003) Expression and DNA-

binding activity of signal transducer and activator of transcription 3 in alcoholic

cirrhosis compared to normal liver and primary biliary cirrhosis in humans.

American Journal of Pathology 162(2): 587–596.

40. Schonbeck U, Libby P (2001) The CD40/CD154 receptor/ligand dyad.

Cellular and Molecular Life Sciences 58: 4–43.

41. Angel P, Karin M (1991) The role of Jun, Fos and the AP-1 complex in cell

proliferation and transformation. Biochem Biophys Acta 1072: 129–157.

42. Le-Niculescu H, Bonfoco E, Kasuya Y, Claret FX, Green DR, et al. (1999)

Withdrawal of survival factors results in activation of the JNK pathway in

neuronal cells leading to Fas ligand induction and cell death. Molecular Cell

Biology 19: 751–763.

43. Fan M, Goodwin ME, Birrer MJ, Chambers TC (2001) The c-Jun NH(2)-

terminal protein kinase/AP-1 pathway is required for efficient apoptosis induced

by vinblastine. Cancer Research 61(11): 4450–4458.

44. Clement MV, Stemenkovic I (1994) Fas and tumour necrosis factor receptor-

mediated cell death: similarities and distinctions. Journal of Experimental

Medicine 180: 557–567.

45. Cascino I, Papoff G, Marin R, De Testi R, Ruberti G (1996) Fas/Apo1 (CD95)

receptor lacking the intracytoplasmic signaling domain protects tumour cells

from Fas-mediated apoptosis. Journal of Immunology. 156: 13–17.

46. Bugajska U, Georgopoulos NK, Southgate J, Johnson PWM, Graber P, et al.

(2001) The effects of malignant transformation on susceptibility of human

urothelial cells to CD40-mediated apoptosis. Journal of the National Cancer

Institute 94: 1381–1395.

47. Hess S, Engelmann H (1996) A novel function of CD40: induction of cell death

in transformed cells. Journal of Experimental Biology 183: 159–167.

48. Cleary AM, Fortune SM, Yellin MJ, Chess L, Lederman S (1995) Opposing

roles of CD95 (Fas/Apo1) and CD40 in the death and rescue of human low

density tonsillar B cells. Journal of Immunology 155: 3329–3337.

49. Jakobsen E, Jonsson G, Bjork P, Paulie S (1998) Stimulation of CD40 human

bladder carcinoma cells inhibits anti-Fas/APO1 (CD95)-induced apoptosis.

International Journal of Cancer 77: 849–853.

50. Bergamo A, Bataille R, Pellat-Deceunynk C (1997) CD40 and CD95 induce

programmed cell death in the human myeloma cell line XG2. British Journal of

Haematology 97: 652–655.

51. Wang D, Freeman GJ, Levine H, Ritz J, Robertson MJ (1997) Role of CD40

and CD95 (APO-1/Fas) antigens in the apoptosis of human B cell malignancies.

British Journal of Haematology 97: 409–417.

52. Wingett DG, Vestal RE, Forcier K, Hadjokas N, Nielson CP (1998) CD40 is

functionally expressed on human breast carcinomas: variable inducibility by

cytokines and enhancement of Fas-mediated apoptosis. Breast Cancer Research

and Treatment 50: 27–36.

53. Chu P, Deforce D, Pedersen IM, Kim Y, Kitada S, et al. (2002) Latent sensitivity

to Fas-mediated apoptosis after CD40 ligation may explain activity of CD154

therapy in chronic lymphocytic leukemia. PNAS 99: 3854–3859.

54. Stewart R, Wei W, Challa A, Armitage RJ, Arrand JA, et al. (2001) CD154 tone

sets the signaling pathways and transcriptome generated in model CD40-

pluricompetent L3055 Burkitt’s lymphoma cells. Journal of Immunology 179:

2705–2712.

55. Vonderheide RH, Dutcher JP, Anderson JE, Eckhardt SG, Stephans KF, et al.

(2001) Phase I study of recombinant human CD40 ligand in cancer patients.

Journal of Clinical Oncology 19 (13): 3280–3287.

56. Ferrant JL, Benjamin CD, Cutler AH, Kalled SL, Hsu YM, et al. (2004) The

contribution of Fc effector mechanisms in the efficacy of anti-CD154

immunotherapy depends on the nature of the immune challenge. International

Immunology 16(11): 1583–1594.

57. Schuler W, Bigaud M, Brinkmann V, DiPadover F, Geisse S, et al. (2004)

Efficacy and safety of AB1793, a novel human anti-CD154 monoclonal antibody

in cynomologous monkey renal transplantation. Transplantation 77(5): 717–726.

58. Alexandroff AB, Kackson AM, Paterson T, Haley JL, Ross JA, et al. (2000) Role

for CD40-CD40 ligand interactions in the immune response to solid tumours.

Molecular Immunology 37: 515–526.

59. Maxwell JR, Campbell JD, Kim CH, Vella AT (1999) CD40 activation boosts

T-cell immunity in vivo by enhancing T-cell clonal expansion and delaying

peripheral T-cell deletion. Journal of Immunology 162: 2024–2034.

60. Esche C, Gambotto A, Satoh Y, Gerein V, Robbins PD, et al. (1999) CD154

inhibits tumour-induced apoptosis in dendritic cells and tumour growth.

European Journal of Immunology 29: 2148–2155.

CD40 and Fas Mediated Death

PLoS ONE | www.plosone.org 9 November 2010 | Volume 5 | Issue 11 | e14037



61. Dzojic H, Loskog A, Totterman TH, Essand M (2006) Adenovirus-mediated

CD40 ligand therapy induces apoptosis in carcinoma cells and systemic

immunity in the TRAMP-C2 mouse prostate cancer model. Prostate 66:

831–838.

62. Klimp AH, deVries EGE, Scherphof GL, Daemen T (2002) A potential role of

macrophage activation in the treatment of cancer. Critical Reviews in
Oncology/Haematology 44: 143–161.

63. Alabraba E, Lai V, Boon L, Wigmore SJ, Adams DH, Afford SC (2008)

Coculture of human liver macrophages and cholangiocytes leads to CD40-
dependent apoptosis and cytokine secretion. Hepatology 47(2): 552–562.

CD40 and Fas Mediated Death

PLoS ONE | www.plosone.org 10 November 2010 | Volume 5 | Issue 11 | e14037


