
Preclinical report 783

Novel targeted approaches to treating biliary tract cancer: the
dual epidermal growth factor receptor and ErbB-2 tyrosine
kinase inhibitor NVP-AEE788 is more efficient than the
epidermal growth factor receptor inhibitors gefitinib and
erlotinib
Marcus Wiedmanna, Jürgen Feisthammela, Thilo Blüthnera, Andrea Tannapfelb,
Thomas Kamenza, Annett Klugea, Joachim Mössnera and Karel Cacaa

Aberrant activation of the epidermal growth factor receptor

is frequently observed in neoplasia, notably in tumors of

epithelial origin. Attempts to treat such tumors with

epidermal growth factor receptor antagonists resulted

in remarkable success in recent studies. Little is known,

however, about the efficacy of this therapy in biliary

tract cancer. Protein expression of epidermal growth

factor receptor, ErbB-2, and vascular endothelial growth

factor receptor-2 was assessed in seven human biliary

tract cancer cell lines by immunoblotting. In addition,

histological sections from 19 patients with extrahepatic

cholangiocarcinoma were analyzed for epidermal growth

factor receptor, ErbB-2 and vascular endothelial growth

factor receptor-2 expression by immunohistochemistry.

Moreover, we sequenced the cDNA products representing

the entire epidermal growth factor receptor coding region

of the seven cell lines, and searched for genomic epidermal

growth factor receptor amplifications and polysomy by

fluorescence in-situ hybridization. Cell growth inhibition by

gefitinib erlotinib and NVP-AEE788 was studied in vitro by

automated cell counting. In addition, the anti-tumoral effect

of erlotinib and NVP-AEE788 was studied in a chimeric

mouse model. The anti-tumoral drug mechanism in this

model was assessed by MIB-1 antibody staining, terminal

deoxynucleotidyl transfer-mediated dUTP nick end-

labelling assay, von Willebrand factor staining, and

immunoblotting for p-p42/44 (p-Erk1/2, p-MAPK) and

p-AKT. Immunoblotting revealed expression of epidermal

growth factor receptor, ErbB-2, and vascular endothelial

growth factor receptor-2 in all biliary tract cancer cell lines.

EGFR was detectable in six of 19 (32%) extrahepatic

human cholangiocarcinoma tissue samples, ErbB-2 in 16

of 19 (84%), and vascular endothelial growth factor

receptor-2 in nine of 19 (47%). Neither epidermal growth

factor receptor mutations nor amplifications or polysomy

were found in the seven biliary tract cancer cell lines.

Gefitinib, erlotinib and NVP-AEE788 caused a significant

growth inhibition in vitro; however, there was a significant

difference in efficacy (NVP-AEE788 > erlotinib > gefitinib).

After 14 days of in-vivo treatment, using the chimeric

mouse model, tumors had a significantly reduced volume

and mass after NVP-AEE788, but not after erlotinib

treatment, as compared with placebo. Reduction of

proliferation (signalling via the mitogen-activated protein

kinase pathway), induction of apoptosis and inhibition

of angiogenesis were the main mechanisms of drug

action. No significant reduction of anti-apoptotic AKT

phosphorylation, however, occurred, which may be a

possible counter mechanism of the tumor. Epidermal

growth factor receptor, ErbB-2, and vascular endothelial

growth factor receptor-2 expression was detectable in

biliary tract cancer, and receptor inhibition exerts marked

effects on tumor growth in vitro and in vivo, which was

strongest for the dual EGFR/ErbB-2 inhibitor NVP-AEE788.

Therefore, further clinical evaluation of this new drug

for the treatment of biliary tract cancer is recommended.
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Introduction
The epidermal growth factor receptor (EGFR, or HER1,

ErbB-1) was cloned in 1984 by Ullrich et al. [1] and is a

close relative of v-abl. It belongs to a family of related

receptor tyrosine kinases that includes HER2 (or NEU,

ErbB-2), HER3 (or ErbB-3) and HER4 (or ErbB-4).

Three classes of ligands bind the EGFRs: the first classThese authors contributed equally to the work.
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includes EGF, amphiregulin and transforming growth

factor-a; the second class includes b-cellulin, heparin

binding EGF (HB-EGF) and epiregulin; and the third

class is composed of the neuregulins [2]. When activated,

the different receptors form either homodimers or

heterodimers. They play an important role during

embryogenesis and development by relaying signals for

proliferation, survival, migration and differentiation from

the extracellular environment into the cell. As signalling

by EGFR is associated with cellular survival and

proliferation, it is easy to understand why over-expression

of EGFR and dysregulation of EGFR signalling pathways

are frequently observed in many types of human

neoplasias including most of the gastrointestinal malig-

nancies [3,4]. Cells over-expressing EGFR display many

characteristics associated with tumorigenesis. These

characteristics include invasion of the cell into surround-

ing tissue, lymph vessels or blood vessels, metastasis and

unregulated cell proliferation, late-stage disease, resis-

tance to chemotherapeutic drugs, resistance to hormone

therapy, and poor patient prognosis [5]. Oncogenic

activation of EGFR signalling, however, can occur not

only by increased expression of EGFR, but also by

excessive ligand expression or transactivation through

receptor dimerization [6] with the Ras/Raf/mitogen-

activated protein kinase (MAPK) kinase (MEK)/MAPK

and phophatidylinositol 30-kinase (PI3K)/AKT signalling

cascades as the main downstream pathways [7]. Whereas

the first pathway influences cell proliferation, migration

and differentiation, the second results in inhibition of

apoptosis. Other pathways involved in EGFR signalling

are phospholipase C, Ca2 + /calmodulin-dependent

kinases, and the JAK/signal transducer and activator

of transcription pathway. Furthermore, angiogenesis is

enhanced by upregulation of vascular endothelial growth

factor (VEGF) and interleukin-8 [8]. Finally, there is

a crosstalk with other signalling molecules such as

G-protein-coupled receptors and integrins.

The two main classes of EGFR inhibitors are monoclonal

(mc) antibodies (such as cetuximab, matuzumab, pani-

tumumab, ABX-EGF, EMD 72000 and h-R3) and tyrosine

kinase inhibitors (TKIs). Some of the TKIs are selective

for EGFR (such as gefitinib, erlotinib, AG1478 and

PD153035), others inhibit both (dual) the EGFR and

ErbB-2 [such as lapatinib (GW572016), BMS-599626,

EKB-569 and PKI-166], a third class inhibits all (pan)

EGFR family members (such as CI-1033 and PD183805),

and a fourth class includes combined dual EGFR

and VEGF receptor (VEGFR) inhibitors (such as NVP-

AEE788 and ZD6474) [4,9,10]. Anti-EGFR monoclonal

antibodies have shown antitumor activity in advanced

colorectal carcinoma, squamous cell carcinomas of the

head and neck, non-small cell lung carcinoma (NSCLC),

and renal cell carcinomas. TKIs have a partially different

activity profile. Gefitinib and erlotinib are approved for

the treatment of NSCLC. NVP-AEE788 has been tested

in preclinical studies for the treatment of lung cancer,

mammary cancer, pancreatic cancer, colon carcinoma,

bladder cancer, prostate cancer, ovarian carcinoma,

anaplastic thyroid carcinoma, cutaneous squamous cell

carcinoma and oral squamous cell carcinoma. It is now

under trial in a phase I study in patients with solid tumors

(NCT00118456) and in phase I/II studies in combination

with everolimus for the therapy of patients with recurrent

or relapsed glioblastoma multiforme (NCT00107237 and

NCT000825215). Recently, mutations and amplifications

of the EGFR gene have been identified in NSCLC and

predict for enhanced sensitivity to anti-EGFR TKIs [11].

Little is known, however, about the situation for biliary

tract cancer, a rare tumor with a grim prognosis and

limited treatment options. Therefore, the objectives of

the current study were to investigate EGFR, ErbB-2 and

VEGFR-2 expression in biliary tract cancer cell lines and

in histological sections from patients with extrahepatic

cholangiocarcinoma (CC), and to evaluate the efficacy

of in-vitro and in-vivo treatment with selective EGFR

inhibitors gefitinib and erlotinib and the dual EGFR/

ErbB-2 inhibitor NVP-AEE788.

Materials and methods
Drugs, cells and animals

Seven biliary tract cancer cell lines – five extrahepatic

bile duct cancer cell lines (EGI-1, TFK-1, CC-SW-1, CC-

LP-1 and SK-ChA-1) [12–16] and two gallbladder cancer

cell lines (Mz-ChA-1 and Mz-ChA-2) [15] – were

examined. All cell lines were cultured in a 371C incubator

with 5–10% CO2 in appropriate media. Human epider-

moid carcinoma cells (A-431) and NIH3T3 murine

fibroblasts were obtained from the Tumorbank of the

German Cancer Research Center (DKFZ, Heidelberg,

Germany) and were grown as monolayers in Dulbecco’s

modified Eagle’s medium with 10% fetal calf serum. The

EGFR inhibitors gefitinib (ZD1839, Iressa) and erlotinib

OSI-774, Tarceva) were provided by AstraZeneca (Lon-

don, UK) and Roche Pharma (Reinach, Switzerland;

originally Genentech, San Francisco, USA). NVP-AEE788

(targeting EGFR, ErbB-2 and VEGFR-2) was obtained

from Novartis (Basel, Switzerland). Hoechst dye and mc

b-actin antibody were purchased from Sigma-Aldrich

Chemie (Munich, Germany), mc EGFR (ErbB-1) and

polyclonal (pc) VEGFR-2 (KDR, Flk-1) antibodies from

Santa Cruz Biotechnology (Santa Cruz, California, USA),

mc MIB-1 and pc von Willebrand factor (vWF) antibodies

from Dako (Glostrup, Denmark), and mc p-p42/44 (p-

Erk1/2, p-MAPK), mc AKT, mc p-AKT and mc ErbB-2

antibodies from Cell Signaling Technology (Beverly,

Massachusetts, USA). Six- to 8-week-old female athymic

NMRI nude mice were supplied from Taconic Europe

(Ry, Denmark) and held under pathogen-free conditions.

Human care was administered and study protocols

complied with the institutional guidelines.
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Immunoblotting

Cell culture monolayers were washed twice with ice-cold

phosphate-buffered saline and lysed with buffer contain-

ing Tris–HCl (20 mmol/l, pH 7.5), NP-40 (1%), Triton-X

(0.5%), NaCl (250 mmol/l), ethylenediamine tetraacetic

acid (1 mmol/l), 10% glycerol and one tablet of complete

mini-ethylenediamine tetraacetic acid-free protease in-

hibitor cocktail (Boehringer, Mannheim, Germany) (in

10 ml buffer). Protein concentration was determined by

the Bradford protein assay (Bio-Rad, Munich, Germany).

Cell lysates (30 mg) were separated on sodium dodecyl

sulphate polyacrylamide gels and electroblotted onto

polyvinylidene difluoride membranes (Amersham Phar-

macia Biotech, Freiburg, Germany). Membranes were

then incubated in blocking solution [5% dry milk in

10 mmol/l Tris–HCl, 140 mmol/l NaCl, 0.1% Tween-20

(TBS-T)], followed by incubation with the primary

antibody at 41C overnight (5% dry milk or 5% bovine

serum albumin in TBS-T). The membranes were

then washed in TBS-T and incubated with horse-

radish peroxidase (HRPO)-conjugated secondary anti-

bodies for 1 h at room temperature. Antibody detection

was carried out with an enhanced chemoluminescence

reaction.

Reverse transcription polymerase chain reaction and

sequencing of epidermal growth factor receptor cDNA

Total RNA was extracted from 5� 105 cells with the

RNeasy Mini Kit (Qiagen, Hilden, Germany) according

to the instructions of the manufacturer. First-strand

cDNA synthesis was carried out with 1 mg of total RNA

and Oligo (dT)12 – 18 using the Superscript Kit (Gibco/

BRL, Rockville, Maryland, USA). In order to detect

EGFR mutations, cDNA products were amplified in six

overlapping segments using the following primers: (1)

sense, 50-ATG CGA CCC TCC GGG A-30, antisense

50-GGC AGG TGT CCT TGC ACG-30 [base pair (bp)

247–1039], (2) sense, 50-GCC GCA AAT TCC GAG AC-

30, antisense 50-GGA GCA CAA GGC ATG GC-30 (bp

998–1779), (3) sense, 50-TGG GAC CTC CGG TCA GA-

30, antisense 50-CTG GGT GTA AGA GGC TCC AC-30

(bp 1689–2330), (4) sense, 50-TCG TTC GGA AGC

GCA-30, antisense 50-TGG CTG AGG GAG GCG TTC

T-30 (bp 2263–3054), (5) sense, 50-GGA ATC CCT GCC

AGC-30, antisense 50-GAT TCT GCA CAG AGC CAG-30

(bp 2995–3568) and (6) sense, 50-ACA TAA ACC AGT

CCG TTC CC-30, antisense 50-CAT GCT CCA ATA AAT

TCA CTG C-30 (bp 3521–3879). The polymerase chain

reaction (PCR) was performed using 60 s for denaturation

at 941C, 1 min annealing at 561C and 90 s for extension at

721C for a total of 35 cycles. The amplified PCR products

were gel purified (QIAquick Gel Extraction Kit; Qiagen),

and directly sequenced from both directions. Results

were compared with published wild-type sequence bp

247–3879 (amino acids 1–1210) using BLAST search

program (Gen Bank accession no. NM_005228) covering

exons 1–26 of the gene.

Fluorescence in-situ hybridization

Studies were carried out with the use of dual-color DNA

fluorescence in-situ hybridization (FISH) probes contain-

ing the LSI EGFR (Vysis, Downers Grove, Illinois, USA)

probe specific for the EGFR locus (7p12) labelled with

Spectrum Orange (Vysis) and the CEP7 chromosome 7

centromere (7p11.1–q11.1) probe labelled with Spectrum

Green (Vysis). We analyzed 33–100 non-overlapping

tumor cell nuclei to determine the number of red

(EGFR) and green (CEP7) signals observed as well as

the pattern of distribution of signals. We also determined

the number of copies of EGFR and classified them

according to the six FISH categories defined by

Cappuzzo et al. [17]. Samples with a high number of

copies of EGFR (high degrees of polysomy or amplifica-

tion) were considered to be FISH-positive.

Immunohistochemical staining

Paraffin-embedded tissue sections from resection speci-

mens of 19 patients with extrahepatic CC were de-waxed,

hydrated through graded alcohol, and immunostained

with antibodies to EGFR, ErbB-2 and VEGFR-2 using

the avidin–biotin–HRPO method as described previously

[18]. Immunoreactivity was revealed using True Blue

peroxidase substrate (KPL, Gaithersburg, Maryland,

USA). The sections were counterstained with hematox-

ylin–eosin and mounted with Permount (Fisher, Pitts-

burgh, Pennsylvania, USA). For the tumor tissues, the

percentage of positive cells was estimated and the

staining intensity was semiquantitatively recorded as

1 + , 2 + or 3 + . For statistical analyses, the staining

results were categorized into four groups according to

Went et al. [19]. Tumors without any staining were

considered negative. Tumors with 1 + staining intensity

in less than 60% of cells and 2 + intensity in less than

30% of cells were considered weakly positive. Tumors

with 1 + staining intensity in or more 60% of cells, 2 +

intensity in 30–79% or 3 + intensity in less than 30%

were considered moderately positive. Tumors with 2 +

intensity in 80% or more or 3 + intensity in 30% or more

of cells were considered strongly positive. Only membra-

nous or membranous plus cytoplasmic staining was

considered for analysis because cytoplasmic staining

alone proved to be false-positive in all preabsorption

control experiments. For MIB-1 staining we used paraffin

sections and for vWF-staining cryosections from animal

tumors following protocols that have been described

elsewhere [20,21].

Inhibition of cell growth

The effect of gefitinib, erlotinib and NVP-AEE788 on

cellular proliferation was assessed by automated cell

counting (Schaerfe Casy 2.0 Cell Counter, Reutlingen,

Germany) according to the manufacturer’s instructions.

Briefly, 2� 105 cells were seeded in T-25 cell culture

flasks. Twenty-four hours after incubation, cells were

treated with gefitinib, erlotinib and NVP-AEE788 at five
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different concentrations. After 6 days of incubation, cells

were trypsinized, washed and analyzed in triplicates by

automated cell counting.

Animal studies

Tumors were induced by injecting 5� 106 Mz-ChA-2 or

EGI-1 cells in 200 ml phosphate-buffered saline subcuta-

neously into the flank region of NMRI nude mice.

Treatment was started when an average tumor volume of

200 mm3 was reached (usually after 2 weeks). The verum

group received either erlotinib (0.5% w/v methyl cellulose

solution) or NVP-AEE788 [10% v/v m-methyl-pyrrolidone

(NMP) and 90% v/v PEG300 solution] orally, whereas the

control group received placebo (carrier solution without

drug) only. Treatment was continued for 14 consecutive

days, tumors were daily measured with a Vernier caliper

and tumor volumes were calculated using the formula

tumor volume = 0.5� L� W2, where L represents the

length and W the width of the tumor. When treatment

was finished, animals were killed and tumors excised and

weighed.

Terminal deoxynucleotidyl transferase-mediated dUTP

nick end-labelling POD test

Terminal deoxynucleotidyl transferase-mediated dUTP

nick end-labelling (TUNEL) (in-situ cell death detec-

tion kit; POD) was used to detect apoptosis in paraffin

sections from mouse tumor tissue. The TUNEL test was

carried out following the manufacturer’s instructions

(Roche, Penzberg, Germany) as described before [22].

Apoptotic cells (red) were counted under a light

microscope after fluorescence signal conversion using

antibody with conjugated peroxidase and the substrate for

peroxidase (DAB; Roche).

Statistical analysis

Statistical calculations were performed using SPSS,

version 10.0 (SPSS, Chicago, Illinois, USA). Numeric

data were presented as mean value with standard

deviation (SD). Inter-group comparisons were carried

out with the Student t-test. P values less than 0.05 were

considered significant.

Results
Epidermal growth factor receptor, ErbB-2 and vascular

endothelial growth factor receptor-2 protein expression

in biliary tract cancer cell lines

The expression of EGFR, ErbB-2 and VEGFR-2 in all

seven human biliary tract cancer cell lines was assessed by

immunoblotting. Cell lysates of cell lines A-431 and

NIH3T3 served as positive controls, and showed bands at

170 (EGFR), 185 (ErbB-2) and 150/200 kDa (VEGFR-2).

Staining with b-actin-antibody confirmed equal protein

loading. All seven cell lines demonstrated EGFR, ErbB-2

and VEGFR-2 expression at different levels (Fig. 1).

Sk-ChA-1 and Mz-ChA-1 showed the highest expression

level for EGFR and ErbB-2; CC-LP-1, TFK-1 and

Mz-ChA-1 the highest level for VEGFR-2; CC-SW-1

showed the lowest expression level for EGFR, Mz-ChA-2

for ErbB-2, and EGI-1 and Mz-ChA-2 the lowest level for

VEGFR-2.

Reverse transcription polymerase chain reaction and

sequencing of epidermal growth factor receptor cDNA

Mutational analysis in the EGFR-positive cell lines by

direct sequencing of polymerase chain reaction (PCR)

products did not reveal any mutations.

Fluorescence in-situ hybridization

We searched for genomic EGFR amplifications and

polysomy by FISH. FISH of diploid tumor cells showed

one or two red (EGFR) and one or two green (CEP7)

signals, and no excess of red signals. Therefore, no

amplifications and polysomy were found in the seven

biliary tract cancer cell lines (Fig. 2).

Epidermal growth factor receptor, ErbB-2 and vascular

endothelial growth factor-2 protein expression in

human biliary tract cancer tissue

In order to analyze the expression of EGFR, ErbB-2 and

VEGFR-2 in human biliary tract cancer, paraffin-em-

bedded tissue sections from 19 patients suffering from

extrahepatic hilar CC were immunostained with EGFR,

ErbB-2 and VEGFR-2 antibodies using the avidin–biotin–

HRPO method. The clinical characteristics of the study

population are summarized in Table 1 [23,24]. As a result,

three of the 19 tissues samples displayed a strong EGFR

immunostaining ( + + + ), three a rather weak immuno-

staining ( + ) and 13 were negative ( – ). Thus, six of 19

Fig. 1
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The expression of EGFR, ErbB-2, and VEGFR-2 in all seven human
biliary tract cancer cell lines was assessed by immunoblotting. Cell
lysates of cell lines A-431 and NIH3T3 served as positive controls.
Staining with b-actin antibody confirmed equal protein loading. All
seven cell lines demonstrated EGFR, ErbB-2 and VEGFR-2 expression
at different levels. EGFR, epidermal growth factor receptor; VEGFR,
vascular endothelial growth factor receptor.
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(32%) of the histological sections of extrahepatic hilar CC

tested showed strong to weak expression of EGFR. In

addition, two of the 19 tissue samples displayed a strong

ErbB-2 immunostaining ( + + + ), two an intermediate

immunostaining ( + + ), 12 a rather weak immunostain-

ing ( + ) and three were negative ( – ). Therefore, ErbB-2

expression was detected in 16 of 19 (84%) samples.

Finally, nine of 19 (47%) tissue samples showed a rather

weak immunostaining for VEGFR-2 ( + ), whereas 10

samples were negative ( – ). The immunoreactivity of

EGFR, ErbB-2 and VEGFR-2 was found mainly in the

cell membrane (Fig. 3).

Inhibition of cell growth

After 6 days of incubation, three cell lines were

intermediate sensitive to gefitinib [1 mmol/l < IC50

(inhibitory concentration 50%) r 10 mmol/l] and three

were resistant (IC50 > 10 mM) (Fig. 4a). In contrast, three

cell lines were sensitive to erlotinib (IC50r 1 mmol/l),

four intermediate sensitive and no cell line resistant

(Fig. 4b). The efficacy of NVP-AEE788 treatment,

however, was the highest (four cell lines were sensitive,

three were intermediate sensitive and no cell line

was resistant) (Fig. 4c). The mean IC50 value was

15.29 ± 9.71 mmol/l for gefitinib, 2.68 ± 2.32 mmol/l for

erlotinib and 1.01 ± 0.70 mmol/l for NVP-AEE788

(Table 2). In addition, dimethyl sulfoxide, the solvent

of gefitinib, erlotinib and NVP-AEE788, alone had no

influence on cell growth (data not shown).

Chimeric mouse model

Tumors were induced in nude mice by subcutaneous

injection of Mz-ChA-2 and EGI-1 cells. These cell lines

were selected because they had shown the best growth

capability in nude mice in our previous studies [25].

Treatment of mice consisted of oral gavage of erlotinib,

NVP-AEE788, or placebo. Five and 6 days after beginning

erlotinib treatment [20 mg/kg body weight (BW) daily],

EGI-1 cell tumors had a significantly reduced volume in

comparison with control (n = 10 for each group) (Fig. 5a).

Fig. 2

Mz-ChA1

CC-LP-1

Mz-ChA-2

Sk-CHA-1

EGl-1

TFK-1

We searched for genomic EGFR amplifications and polysomy by FISH.
No amplifications and polysomy were found in the seven biliary tract
cancer cell lines. FISH of diploid tumor cells showed one or two red
(EGFR) and one or two green (CEP7) signals. EGFR, epidermal
growth factor receptor; FISH, fluorescence in-situ hybridization.

Table 1 Clinical characteristics of the study population

Patient initials Patient age (years) Tumor stage (UICC
2002) [23]

Bismuth–Corlette
classification [24]

Tumor grade EGFR staining ErbB-2 staining VEGFR-2 staining

D.K. 56 IIB IV G2 – – +
G.E. 72 IIB IIIa G2 – – +
R.E. 46 IIB IIIa G2 – + +
H.H. 59 IIA IV G2 – + + –
E.K. 43 IA IIIa G1 – + –
A.K. 46 IIA IV G2 – – –
L.S. 61 III IIIb G2 + + +
C.B. 74 IIA IIIa G3 + + + + + + –
B.K. 72 IIA II G2 – + +
R.M. 61 IB IV G2 – + –
H.M. 61 IIB IIIa G2 + + + –
B.P. 39 IV IV G2 + + + + –
C.S. 42 IIA IIIa G2 + + +
B.S. 68 IIA IIIb G2 – + +
G.T. 59 IIB IIIa G2 + + + + + + +
M.T. 65 IIA IV G2 – + –
M.U. 74 IB I G3 – + –
U.W. 44 IIB IIIa G3 – + +
E.D. 67 IB IV G2 – + –

EGFR, epidermal growth factor receptor; VEGFR, vascular endothelial growth factor receptor.
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In contrast to that, daily erlotinib treatment of mice

bearing Mz-ChA-2 cell tumors did not result in any

change of tumor growth compared with control (n = 10

for each group) (Fig. 5b). Treatment of Mz-ChA-2 tumors

with NVP-AEE788 resulted in a reduced volume in

comparison with control (n = 4 for each group). This

effect was stronger for 30 mg/kg BW daily than 50 mg/kg

BW every 3 days (Fig. 5c). Differences, however, were not

statistically significant [P = 0.45 for NVP-AEE788

(50 mg/kg BW every 3 days) vs. placebo and P = 0.15 for

NVP-AEE788 (30 mg/kg BW daily) vs. placebo]. In

contrast, EGI-1 cell tumors had a significantly reduced

volume in comparison with control (n = 10 for each group,

P < 0.01) from 2 days after beginning treatment with

NVP-AEE788 (30 mg/kg BW daily) (Fig. 5d). At the end

of the experiment (day 15), tumor mass was significantly

diminished as compared with control after daily treat-

ment with 30 mg/kg BW NVP-AEE788 (P < 0.01), which

was not observed for erlotinib (Fig. 5a–e). In order to

assess the anti-tumoral drug mechanism, paraffin sections

of mouse tumors were stained with hematoxylin–eosin,

MIB-1 (proliferation marker), TUNEL (apoptosis mar-

ker) and vWF (angiogenesis marker). Treatment with

erlotinib and NVP-AEE788 reduced proliferation (re-

duced MIB-1 staining), induced apoptosis (increased

TUNEL-staining) and inhibited angiogenesis (reduced

Fig. 3

 EGFR    

 ErbB-2

 VEGFR-2

− + +++

+ + +++

+

+

Paraffin-embedded tissue sections from 19 patients suffering from extrahepatic hilar CC were immunostained with EGFR, ErbB-2 and VEGFR-2
antibodies by using the avidin–biotin–horseradish peroxidase method. (a) As a result, three of the 19 tissues samples displayed a strong EGFR
immunostaining, three a rather weak immunostaining and 13 were negative. (b) In addition, two of the 19 tissues samples displayed a strong ErbB-2
immunostaining, two an intermediate immunostaining, 12 a rather weak immunostaining and three were negative. (c) Finally, nine of 19 (47%) tissue
samples showed a rather weak immunostaining for VEGFR-2, whereas 10 samples were negative (magnification�40). CC, cholangiocarcinoma;
EGFR, epidermal growth factor receptor; VEGFR, vascular endothelial growth factor receptor.
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vWF staining) (Fig. 6a). The expression of p-p42/44

(p-Erk1/2, p-MAPK) and p-AKT was assessed by im-

munoblotting. NIH3T3 cells without and with EGF

stimulation served as negative and positive control.

Whereas signalling via the MAPK pathway was dimin-

ished by erlotinib and NVP-AEE788, there was no

significant reduction of PI3K/AKT signalling, which may

be a possible counter mechanism of the tumor.

Discussion
Non-resectable biliary tract cancer is associated with a

poor prognosis due to wide resistance to chemotherapeu-

tic agents and radiotherapy. It is therefore essential to

search for new therapeutic approaches. It has been shown

that the EGF superfamily of transmembrane receptors is

involved in the pathogenesis of CC [26]. Transformed

cholangiocytes, but not normal or fetal biliary epithelial

cells, over-express ErbB-2 as determined by immunohis-

tochemical staining of tumor specimens [27–30]. A strong

positive correlation was observed between increased

ErbB-2 immunoreactivity measured in the tumors and

risk conditions like hepatolithiasis and primary sclerosing

cholangitis [28,30–32]. Enhanced immunoreactivity for

ErbB-2 correlated directly with tumor differentiation and

was highest in well-differentiated tumors [31,32]. A rat

model of CC induced by chemical carcinogens showed

clear development of c-neu (rat homolog of human ErbB-

2) expression and activation, particularly in regions of the

tumor that contain dysplastic and neoplastic cells [33].

ErbB-2 is able to form homodimers or heterodimers with

other ErbB receptor family members, resulting in an

unregulated proliferative signal. Thus, a transgenic mouse

model that over-expresses ErbB-2 was found to rapidly

develop gallbladder adenocarcinomas in the context of

increased ErbB-2/EGFR heterodimer formation, activa-

tion of MAPK and up-regulation of cyclooxygenase-2

levels [34]. Recently, the EGFR has also been linked with

the pathogenesis of CC. Bile acids, including deoxycholic

acid, a potent tumor promotor in the hamster model of

cholangiogenesis [35], were shown to induce cyclo-

oxygenase-2 in cultured immortalized human H69

cholangiocyte and KMBC cell lines through a mechanism

involving transactivation of the EGFR [36,37]. Bile acids

further have been shown to block protein degradation of

myeloid cell leukemia protein 1, a potent anti-apoptotic

protein of the B-cell leukemia/lymphoma-2 (Bcl-2)

family, via activation of EGFR signalling [38]. Consider-

ing these data, there are a number of reasons why EGFR

is such an attractive target for therapy of biliary tract

cancer. First, pathological examination of diagnostic tissue

taken from patients can be used to identify patients

with EGFR-positive tumors. Second, clinical trials for

other tumors have demonstrated that interruption of the

EGFR signalling using specific EGFR inhibitors inhibits

tumor proliferation and viability. Finally, in adults, EGFR

does not appear to play a crucial physiological role.

Moreover, it is hoped that by targeting this receptor it

will be possible to reduce the harmful side effects caused

by chemotherapy.
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Therefore, in a first step, we evaluated the expression of

EGFR and ErbB-2 in seven human biliary tract cancer cell

lines by immunoblotting. In addition, VEGFR-2 status

was assessed. As a result, all examined cell lines

demonstrated EGFR, ErbB-2 and VEGFR-2 expression,

at different levels, however.

In certain tumors, including some glioblastomas and, as

shown recently, breast cancer, a truncated EGFR lacking a

portion of the extracellular domain (exons 2–7) is

expressed (EGFRvIII) [39–42]. EGFRvIII appears to

be constitutively active and is oncogenic in NIH3T3 cell

transformation assays [40,43–47]. Detection of EGFR-

vIII, which is one of a number of EGFR splice variants

that have been observed in human cells (e.g. EGFRvI,

EGFRvII and others), is associated with a poor patient

prognosis. In addition, data from three recent studies

strongly suggest that other gain-of-function somatic

mutations affecting the catalytic domain (specifically

the ATP binding site, exons 18–21) of the gene encoding

EGFR are strongly associated with response of NSCLC to

gefitinib and erlotinib, two EGFR TKIs [48–50]. These

mutations appear to enhance the ability of the ligand to

induce EGFR activity and also prolong the binding of the

EGFR inhibitor to the kinase domain. Secondary muta-

tions, however, can also lead to resistance in initially

treatment-sensitive tumors, as shown recently for gefiti-

nib treatment of NSCLC [51]. As there is no sufficient

data for the situation in biliary tract cancer, we performed

reverse transcriptase PCR and sequencing of EGFR

cDNA in our seven EGFR-positive cell lines. Mutational

analysis by direct sequencing of PCR products did not

reveal any mutations. This is consistent with the results

of a study that examined exons 18–21 only in 40

hepatomas and biliary tract cancers [52]. Another

alteration is amplification of the EGFR gene, a phenom-

enon that has been found in 40–50% of glioblastomas, and

also in other tumors such as NSCLC and colorectal

cancer [53,54]. It is related to a shorter interval to relapse

and poorer survival in human glioblastoma, and an

increased likelihood of mutations occurring in the EGFR

gene, but a better response to anti-EGFR treatment in

colorectal cancer and NSCLC [50,54–57]. We searched

for genomic EGFR amplifications and polysomy by FISH,

but results were negative for our seven biliary tract cancer

cell lines.

In a next step, we analyzed the expression of EGFR,

ErbB-2 and VEGFR-2 in paraffin-embedded tissue

sections from 19 patients suffering from extrahepatic

hilar CC by immunohistochemistry. No data exist for

VEGFR-2 expression in biliary tract cancer and only a few

data for EGFR expression in intrahepatic CC, whereas

several studies have examined ErbB-2 expression in

intrahepatic CC and gallbladder cancer [28–31,58,59].

Thus, Ito et al. [29] found 45% of intrahepatic CC

positive for EGFR and other groups of ErbB-2 expression

between 0 and 70% in intrahepatic CC and 64% in

gallbladder cancer [28–31,58,59]. As a result of our study,

32% of the histological sections of extrahepatic hilar CC

tested showed strong to weak expression of EGFR, 84%

of ErbB-2 and 47% of VEGFR-2.

We then tested seven biliary tract cancer cell lines for the

in-vitro effect of gefitinib, erlotinib and NVP-AEE788 by

automated cell counting. Whereas gefitinib and erlotinib

are pure EGFR inhibitors, NVP-AEE788 represents a dual

EGFR/ErbB-2 inhibitor with additional anti-VEGFR-2

activity. It belongs to the class of the 7H-pyrrolo-[2,3-d]-

pyrimidines. After 6 days of incubation, gefitinib,

erlotinib and NVP-AEE788 caused a significant growth

inhibition in vitro, but there was a significant difference in

efficacy (NVP-AEE788 > erlotinib > gefitinib). The

mean IC50 value was 15.29 ± 9.71 mmol/l for gefitinib,

which is much higher than IC50 values reported for

human breast, ovarian, gastric and colon cancer cell lines

ranging from 0.1 to 0.9 mmol/l [60,61]. In contrast, the

mean IC50 value was 2.68 ± 2.32 mmol/l for erlotinib and

even lower for NVP-AEE788 (1.01 ± 0.70 mmol/l). The

last value was quite promising as it is known that MCF-7

human breast cancer and T24 bladder carcinoma cells

have values of 2.5 and 4.5 mmol/l [62]. In addition, we

assessed apoptosis by the annexin V/propidium iodide

staining kit (Annexin Apoptosis Detection Kit I; BD

Biosciences, Heidelberg, Germany) and cell proliferation

by the In-Situ Cell Proliferation Kit, FLUOS (Roche,

Mannheim, Germany) after treatment with the three

different drugs in vitro. Both an induction of apoptosis and

an inhibition of cell proliferation were detectable (data

not shown).

Considering these in-vitro results, we decided to test the

two most effective drugs erlotinib and NVP-AEE788 in
vivo in comparison with placebo using the chimeric

mouse model. Five and 6 days after beginning daily oral

erlotinib treatment with 20 mg/kg BW, a dose that was

effective in a head and neck cancer model [63], EGI-1

cell tumors had a significantly reduced volume in

comparison with control, whereas Mz-ChA-2 cell tumors

had not. One limitation of our study may be the short

course of treatment and surveillance in our mice, which

Table 2 Inhibition of cell growth by gefitinib, erlotinib and
NVP-AEE788

Cell line IC50(mmol/l)

Gefitinib Erlotinib NVP-AEE788

TFK-1 5.09 0.90 0.49
EGI-1 17.57 4.22 2.31
CC-LP-1 23.20 3.10 1.10
CC-SW-1 6.64 1.67 0.56
Sk-ChA-1 4.27 0.90 0.72
Mz-ChA-1 23.79 0.90 0.36
Mz-ChA-2 26.47 7.05 1.51
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Fig. 5
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was much longer in the above-mentioned head and neck

cancer study, in which mice were observed up to 60 days.

Tumor size extent beyond 800 mm3 in the placebo group,

however, ended our experiment for ethical reasons.

Treatment of Mz-ChA-2 tumors with NVP-AEE788

resulted in a reduced volume in comparison with control.

The difference, however, was not significant, which might

have been caused by the limitation of the small number

of animals in each group (n = 4). The effect was stronger

for the dose of 30 mg/kg BW daily than for the dose of

50 mg/kg BW every 3 days, confirming the data of Traxler

et al. [62] for DU145 human prostate cancer cells.

Therefore, in a second experiment with EGI-1 cell

tumors we used NVP-AEE788 at a daily oral concentra-

tion of 30 mg/kg BW. From 1 day after beginning

treatment with NVP-AEE788, tumors had a significantly

reduced volume in comparison with control. At the end of

all animal experiments (day 15), tumor mass was

significantly diminished as compared with control after

treatment with NVP-AEE788. This may be explained by

the fact that each member of the EGFR family has

differing kinase activity with ErbB-2, which is the

preferred binding partner for EGFR, possessing the

greatest [64,65]. Interestingly, the heterodimer between

EGFR and ErbB-2 may transmit a more potent signal

than an EGFR homodimer [66]. In addition, recent

theories suggest that ErbB-2 may not need a ligand to be

activated; in fact, it may not bind ligands at all [66]. This

may explain the more potent effect of NVP-AEE788 than

of erlotinib given the fact that CCs frequently co-express

both receptors as demonstrated for our cell lines and

patients’ specimens. Finally, VEGFR-2, which is usually

expressed in vascular endothelial cells to mediate the

major growth and permeability action of VEGF, was found

in our biliary tract cancer cell lines and patients’

specimens’ too. This discovery implies an additional

direct inhibition of VEGFR-2 signalling by NVP-AEE788

on the tumor cell surface.

Several signal transduction pathways have been impli-

cated in EGFR-dependent cell survival. Primarily, these

include the Ras/Raf/MEK/MAPK cascade and the PI3K/

AKT-dependent signalling events. At least two MAPK

targets relevant for cell survival in the anchorage-

independent state have been identified. Specifically,

EGFR-mediated MAPK activation is required for high-

level expression of Bcl-XL, an antiapoptotic member of

the Bcl-2 family of proteins, as shown in keratinocytes

and MDCK cells (human breast epithelial cell line)

[67,68]. It also enhances phosphorylation of the pro-

apoptotic Bcl-2 family member BAD on serines 112 and

155 in mammary epithelial cells [69]. Phosphorylation is a

prerequisite for sequestration and functional inactivation

of BAD [70,71], thus preventing apoptosis. In certain

experimental settings, EGFR activation is also associated

with activation of the PI3K/AKT survival pathway or

nuclear factor kB [72,73]. In our study, the expression of

p-p42/44 (p-Erk1/2, p-MAPK) and p-AKTwas assessed by

immunoblotting. Whereas signalling via the MAPK path-

way was diminished by erlotinib and NVP-AEE788, there

was no significant reduction of PI3K/AKT-signalling,

which may be a possible counter mechanism of the

tumor, induced by other events such as K-Ras, PI3K or

PTEN mutations [74–77]. Finally, inhibition of angiogene-

sis by erlotinib and NVP-AEE788 was observed in our

animal study (as demonstrated by reduced vWF staining).

This phenomenon may be due to direct or indirect

effects on endothelial cells. As EGFR stimulates tran-

scription of VEGF through the MAPK pathway [78],

erlotinib and NVP-AEE788 may inhibit VEGF transcrip-

tion, thus diminishing the availability of ligand for

endothelial cell-based VEGFR-2. In addition, NVP-

AEE788 may directly inhibit endothelial cell-based

VEGFR-2.

In conclusion, EGFR, ErbB-2 and VEGFR-2 expression

was detectable in biliary tract cancer and receptor

inhibition exerts marked effects on tumor growth in vitro
and in vivo, which was strongest for the dual EGFR/ErbB-

2 inhibitor NVP-AEE788. Therefore, further clinical

evaluation of NVP-AEE788 for the treatment of biliary

tract cancer is recommended.
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