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Differential effects of cetuximab and AEE 788 on epidermal
growth factor receptor (EGF-R) and vascular endothelial growth
factor receptor (VEGF-R) in thyroid cancer cell lines

S. Hoffmann - A. Burchert - A. Wunderlich -
Y. Wang - S. Lingelbach + L. C. Hofbauer *
M. Rothmund * A. Zielke

Published online: 10 July 2007
© Humana Press Inc. 2007

Abstract This study evaluated the role of EGF and the
effects of EGF-targeting drugs (Cetuximab, AEE 788) on
growth, apoptosis, and autocrine VEGF-secretion of thy-
roid cancer (TC) cells. Autocrine activation of the epider-
mal growth factor receptor (EGF-R) is commonly regarded
to contribute to the malignant phenotype of TC cells and
may therefore represent a rational therapeutic target. Out of
a number of TC cell lines two anaplastic (Hth74, C643),
one follicular (FTC133), and one papillary thyroid cancer
cell line (TPC1) were analyzed in depth for VEGF-R-and
EGF-R-expression, basal and EGF-stimulated (1-100 ng/
ml) VEGF protein secretion and proliferation. Subse-
quently the antiprolifereative and antiangiogenic effect of
cetuximab (Erbitux®), a monoclonal antibody that blocks
the EGF-R and AEE 788, a novel dual-kinase inhibitor of
EGF-R and VEGF-R were assessed, and the downstream
EGF-R signal transduction was analyzed by means of
detecting phosphorylated pEGF-R, pVEGF-R, pAkt, and
p-MAPK. EGF stimulated VEGF-mRNA expression and
protein secretion in all TC cell lines. The EGF-R antagonist
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Cetuximab consistently decreased VEGF secretion in all
TC cell lines (min. 15%, n.s. in C643 cells and max. 90%
in Hth74 cells, P < 0.05), but did not affect tumor cell
proliferation in vitro. In contrast, the EGF-R- and VEGF-
R-kinase inhibitor AEE 788 not only reduced VEGF
secretion (min. 55%, P < 0.05 in C643 and max. 75%,
P < 0.05, in FTC133), but also exhibited a dose-dependent
inhibition of tumor cell proliferation (min. 75%, P < 0.05
in C643 and max. 95%, P < 0.05 in Hth74) and was a
potent inductor of apoptosis in two of four TC cell lines.
These effects were always accompanied by reduced levels
of pEGF-R, pVEGF-R, pAkt, and pMAPK. Although
inhibition of the EGF-receptor by Cetuximab potently
disrupts autocrine secretion of VEGF, only the concurrent
inhibition of the VEGF- and EGF receptor, e.g., by AEE
788 induces reduced proliferation and apoptosis in vitro.
This suggests a particular rationale for the use of tyrosine
kinase inhibitors with dual modes of action such as AEE
788 in thyroid cancer.

Keywords Thyroid cancer - EGF - EGF-R -
Angiogenesis - Tyrosine kinase inhibitor

Introduction

Thyroid cancer is the most common endocrine malignancy
and its prevalence is increasing considerably [1]. When
treated by surgery and radioiodine long-term survival can
be achieved for the majority of well differentiated thyroid
cancers [2]. However, anaplastic (ATC) and poorly dif-
ferentiated carcinomas, which are unable to trap iodine,
exhibit an extremely aggressive behavior and represent
some of the most lethal malignant diseases. Their median
survival rarely exceeds 3-6 months [3-5]. So far, no
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Fig. 1 Detection of t-EGF-R (total EGF-R) and t-VEGF-R2 in
thyroid cancer cell lines by Western Blot. The figure shows EGF-R
and VEGF-R2 to be expressed by all of the thyroid cancer cell lines
that were used for blocking experiments at different individual levels

effective treatment can be offered to patients suffering
from ATC.

Angiogenesis is a prerequisite for tumor growth as well
as metastatic spread and describes the recruitment of blood
vessels by a growing primary tumor or metastasis. It is
initiated by factors intrinsic to the tumor cells that induce
migration and proliferation of endothelial cells [6, 7]. Pro-
angiogenic factors, particularly VEGF, are essential for
thyroid tumor development [8]. VEGF has been docu-
mented to be the main stimulator of angiogenesis in the
thyroid gland and was found to be regulated by TSH and
EGF [9, 10]. Its complex receptor and gene regulation was
analyzed in thyroid cancer cell lines in vitro and its level of
expression was found to be a negative prognostic factor in
clinical series of papillary thyroid cancer [11-14]. Anti-
angiogenetic strategies, e.g., neutralizing antibodies direc-
ted against VEGF, have already been proven successful in
experimental thyroid cancer [15-18]. Within the frame-
work of tumor growth and tumor angiogenesis EGF is
associated to various steps of thyroid cancer development.
Activation of the EGF-R, leads to activation of several
downstream signal transduction pathways, including
mitogen-activated protein kinase (MAPK) and (Akt) that
promote cell proliferation and survival [19-21]. In ana-
plastic thyroid cancer, loss of TSH receptor and overex-
pression of EGF receptor (EGF-R) were suggested as
markers of de-differentiation [22-24]. EGF-R has been
documented to be associated with poor outcome in papil-
lary thyroid cancers and EGF-R was found to be overex-
pressed in anaplastic thyroid carcinoma cells [25, 26].
Moreover, EGF-administration promoted proliferation and
invasion of follicular thyroid cancer cells [27]. We have
recently shown that EGF enhances autocrine VEGF
secretion of thyroid cancer cells, particularly in the absence
of functioning TSH receptor [10]. In line with this,
administration of neutralizing anti EGF/ anti TGFo anti-

bodies resulted in inhibition of thyroid cancer cell prolif-
eration [28]. Recently an inhibition of thyroid tumor cell
growth by the EGF-R-inhibitor Gefinitib (Iressa®) was
demonstrated in vitro and in vivo, suggesting that inhibitors
of EGF-R may be worthwhile to be explored for their anti-
tumor activity in anaplastic and poorly differentiated
thyroid cancers [26].

Cetuximab is a monoclonal antibody that specifically
binds to EGF-R, thereby inhibiting downstream signal
transduction pathways. It has been shown to enhance
radiosensitivity, to inhibit cell proliferation, radiation-
induced damage repair, and tumor angiogenesis in vivo and
in vitro [29]. Based on its clinical activity Cetuximab has
recently been approved for application in colorectal cancer
[30].

AEE 788, a pyrimidine derivate, is a novel ‘‘dual spe-
cific’’ tyrosine kinase inhibitor targeting EGF-R (ErbB-1)
and VEGF-R. It has been demonstrated to have anti-tu-
moractivity against breast-, lung-, bladder-, and squamous
cell carcinoma of the oral cavity in vitro and in vivo [31,
32]. A previous report also suggested antiproliferative and
antiangiogenic activity of this compound in follicular
thyroid cancer in vitro and in vivo [33]. In the current
study, the tumorsuppressing and antiangiogenic activity of
Cetuximab a neutralizing antibody directed against EGF-R
and AEE788, a dual tyrosine kinase inhibitor directed
against EGF-R/VEGF-R was evaluated in a number of
thyroid carcinoma cell lines. To this end proliferation of
tumor cells, apoptosis and in vitro VEGF secretion as well
as the effect of the substances on post EGF-R (down-
stream) signal transduction were analyzed. The overall aim
of this study was to assess the potential of neutralizing
antibodies against EGF-R (Cetuximab) or combined inhi-
bition of EGF-R and VEGF-R by application of a dual
tyrosine kinase inhibitor (AEE 788) to target the EGF/
EGF-R system in thyroid cancer cell lines from various
histological background for tumor suppression and anti-
angiogenic therapy.

Results

EGF-dependent VEGF secretion in thyroid cancer
cell lines

Autocrine stimulation and activation of oncogenic recep-
tors provide a rationale for therapeutic inhibition. There-
fore the expression levels of t-VEGF-R and t-EGF-R in
thyroid cancer cell lines were first analyzed. Both receptors
were expressed by all thyroid cancer cell lines, albeit at
variable levels. Highest expression of t-EGF-R was deter-
mined in anaplastic C643:3 cells. The f-Actin referenced
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expression of t-VEGF-R did not display remarkable dif-
ferences among the presented thyroid cancer cell lines
(Fig. 1).

Basal VEGF secretion differed distinctly among the
various cell lines (100+/—40 pg/ml to 2200+/-450 pg/ml).
EGF was confirmed as a major stimulator of VEGF-
secretion. Here we demonstrated an up to 20-fold increase
in EGF-stimulated VEGF secretion in Hth74 cells
(1,800 pg/ml versus 100 pg/ml basal secretion), and a 3
and 2 fold increase of VEGF secretion in FTCI133-
(4,500 pg/ml versus 1,500 pg/ml), and TPCl-cells
(1,800 pg/ml versus 900 pg/ml), respectively (Fig. 2a). In
addition to the anaplastic thyroid cancer cell lines, one
papillary (TPC1) and one follicular (FTC133) of high EGF
driven VEGF secretion were chosen for further experi-
ments. Of note, cell lines known to express a functional
TSH receptor (e.g., HTC TSHr and C643), had only minor
changes of VEGF-expression and -secretion in response to
EGF, despite confirmed expression of the EGF-receptor.
EGF-stimulated VEGF mRNA expression occurred in a
dose-dependent manner in all of the thyroid cancer cell
lines, as representatively shown for Hth 74 cells respec-
tively (Fig. 2b). We did not observe relevant changes in
VEGF mRNA levels due to FGM.

EGF-R-blockage by Cetuximab inhibits VEGF
secretion, but does not affect cell proliferation nor
apoptosis

The data above indicated that blocking EGF-R should
overcome basal and EGF-stimulated autocrine VEGEF-

secretion. Indeed, cetuximab significantly inhibited VEGF
secretion in three of four tested thyroid cancer cell lines,
particularly in those that were highly responsive to EGF-
mediated VEGF secretion (Fig. 3). For example, cetux-
imab almost completely inhibited VEGF secretion in
Hth74 cells (95%, P < 0.05), but only slightly (10-15%,
n.s.) in C643 cells. Unexpectedly however, with the
exception of the high EGF responsive Hth74 cells, cetux-
imab did not affect tumor cell proliferation of TC cell lines
in vitro, irrespective of the presence of supplemented EGF
(example: Cetuximab 10 pg/ml vs. control, incubation time
5 days: Mean OD in C643 0.71 £ 0.15 vs. 0.65 + 0.09, in
Hth74 0.88 +0.2 vs. 0.8 +0.12, in FTCI33 0.44 +
0.11 vs. 0.39 £ 0.08 and in TPC1 0.48 = 0.17 vs. 0.51 =
0.22, all n.s.). Likewise, cetuximab did not cause apoptosis
in any of the thyroid cancer cell lines. Hence, inhibition of
EGF-mediated VEGF secretion by cetuximab at concen-
trations of up to 10 ng/ml, had per se no effect on apoptosis
or proliferation of thyroid cancer cells in vitro.

AEE 788 inhibits VEGF-secretion, cell proliferation,
and causes apoptosis of thyroid cancer cell lines

AEE 788 blocks the kinase activity of the EGF-R [31]. We
therefore evaluated if this compound—in analogy to the
EGF-R-blocker cetuximab—reduces VEGF-secretion. As
depicted in Fig. 4a, AEE 788 reduced VEGF secretion in
all tested cell lines. Asked, whether dual inhibition of the
EGF-R and VEGF-R has also additional inhibitory effects,
we could demonstrate, that in contrast to cetuximab, AEE
788 also caused a dose-dependent inhibition of tumor cell
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Fig. 4 (a) Effect of a dual tyrosine kinase inhibitor (AEE 788%) to
in vitro VEGF secretion of thyroid cancer cell lines. Experiments
employed 0.1-5 pM AEE 788® and EGF (100 ng/ml), values are
given as mean, cell number adjusted VEGF [pg/ml]+SD. (b) Synopsis
of the effect of a dual tyrosine kinase inhibitor (AEE 788%) to
proliferation of thyroid cancer cell lines in vitro at different times of

proliferation. The strongest inhibition of proliferation as
measured by means of MTT colorimetric assay was seen in
C643 and Hth74 (75% and 95%, respectively, P < 0.05)
(Fig. 4b). The inhibitory concentration (IC 50) at 48 h was
calculated with 4 uM in C643, 3 uM in Hth74, 3.5 uM in
FTC133 and 4.5 uM in TPC1 cells, respectively (Fig. 4b).

Finally, growth inhibition by AEE 788 was accompa-
nied by a dose-dependent induction of apoptosis in two of
the four cell lines studied (Fig. 4c). Low micromolar

incubation (24, 96, 144 h). Experiments employed 0.1-5 ptM AEE
788%, values are given as mean optical density (OD) + SD. (c) Effect
of the dual tyrosine kinase inhibitor (AEE 788®) on apoptosis of
thyroid cancer cell lines. Experiments employed 0.1-5 uM AEE 788,
values are given as [%] apoptotic cells + SD

concentrations of AEE 788 caused a distinct apoptotic re-
sponse in Hth74 and FTC133 cells, but much less pro-
nounced in C643 cells. No increase in apoptotic cells was
observed in TPCI at concentrations of up to 5 uM
(Fig. 4c), however at higher concentrations of up to 10 uM
we also observed tumor cell death in TPC1 (data not
shown). Hence, AEE 788 mediated EGF-R/VEGR-inhibi-
tion had a significantly superior antiproliferative efficacy
than blockage of EGF-R with cetuximab.
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AEE 788 blocks EGF-R/VEGF-R-dependent signal
transduction

As representatively shown for C643 cells, AEE 788 did not
affect receptor expression levels of VEGF-R and EGF-R,
nor its downstream signaling cascade partners Akt and
MAPK, but caused a dose-dependent inhibition of the
EGF-/VEGF-receptor phosphorylation in all of the TC cell
lines (Fig. 5). AEE 788 completely inhibited VEGF-
receptor phosphorylation at 100 nM in all cell lines. AEE
788 also completely blocked EGF-receptor phosphoryla-
tion at 50 nM in all cell lines. This was associated by an
inhibition of phosphorylation/activation of the down-
stream-targets of the EGF-R p-Akt, and p-MAPK. Of note,
the concentrations of AEE 788 needed to completely block
downstream p-Akt, and p-MAPK were well above those
required to block the upstream receptors. This may indicate
additional and EGF-R/VEGF-R-independent signaling in-
put on MAPK and Akt which are inhibited by AEE 788 at
higher concentrations.

Discussion

The common failure of established therapeutic strategies in
poorly differentiated and anaplastic thyroid cancer urgently
mandates new options of treatment. Ample evidence exists
that overexpression and -activation of EGF and EGF-R
contribute to de-differentiation of anaplastic and poorly
differentiated thyroid cancer and cause poor prognostic
outcome [23-25]. It has recently been demonstrated that
the serum-level of EGF and VEGF may be used as a
prognostic marker in thyroid cancer [34].

In this work, we were able to demonstrate EGF-R and at
the same time VEGF-R to be expressed by transformed
thyroid cells. Their presence was confirmed on the protein as
well as on mRNA level and included the phosphorylated, i.e.,

Fig. 5 Effect of the dual
tyrosine kinase inhibitor AEE
788 on EGF/VEGF related
signal transduction in thyroid
cancer cell lines in vitro.
Western Blot scans of total
EGF-R, VEGF-R2, Akt and
MAPK as well as the
phosphorylated forms in cell
lysat of an anaplastic thyroid
cancer cell line (C643) are
depicted. AEE 788 was
employed at concentrations of
0.05-5 [uM]
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activated forms of both receptors in all of the tumor cell lines.
The fact that VEGF-R is expressed not only by tumor-
associated endothelial cells, where it causes activation of
tumor angiogenesis, but also by thyroid tumor cells is a novel
finding that may implicate autocrine stimulation of angio-
genesis or cell growth. Indeed autocrine activation of the
VEGF/VEGF-R system had previously been suggested to
function as an autocrine loop in thyroid carcinogenesis [35,
36]. VEGEF secretion was demonstrated to be regulated by
activation of EGF-R by its specific ligand EGF in undiffer-
entiated thyroid cancer cells, a finding we had previously
reported especially to occur in the absence of a TSH receptor
[10]. It is well known that undifferentiated thyroid carcinoma
cells are capable of de novo synthesis and secretion of EGF
and up-regulation of EGF-R [23, 24]. Taken together, this
evidence would strongly support the concept of an autocrine
loop resulting in VEGF-secretion as a consequence of EGF
synthesis and activation of EGF-R.

Previous work had already shown the efficacy of VEGF-
targeting strategies to inhibit growth of experimental
thyroid cancer [15-18], and blocking EGF-R would be
critical to fully interrupt such an autocrine EGF/EGF-R/
VEGF loop. Moreover, it is currently unclear, whether
simultaneous blocking of EGF-R and VEGF-R further adds
to interrupt this autocrine loop. It is therefore that we
addressed this issue in a panel of undifferentiated thyroid
cancer cell lines by comparing two EGF-R-blocking drugs:
cetuximab, a monoclonal anti-EGF-R antibody that blocks
its activation, and AEE 788 a dual-kinase inhibitor that
blocks both, EGF-R and VEGF-R.

Cetuximab reduced in vitro VEGF secretion up to 90%,
when administered to thyroid cancer cells. It eliminated the
stimulating effect of exogenously administered EGF on
VEGF-secretion. This effect is most likely mediated by
reduced levels of hypoxia-inducable-factor 1 alpha (HIF-1
alpha), as was recently demonstrated in A431 epidermoid
carcinoma cells [37]. Besides from down-regulating HIF-1
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alpha, other inhibitors such as gefitinib, erlotinib were
demonstrated to decrease VEGF expression by decreasing
Spl binding to the proximal core VEGF promoter [38].
Importantly, Cetuximab did not inhibit proliferation of
thyroid cancer cells, which was convincingly demonstrable
in three out of four cell lines, suggesting a quite specific
anti-angiogenic effect of the Cetuximab. This observation
is well in line with reports from thyroid, pancreatic, and
prostate cancer, were administration of Cetuximab had
only little effect on in vitro proliferation [39—41]. Con-
flicting data exist with regard to the in vivo effects of
Cetuximab on tumor proliferation in experimental cancer
[39, 42]. However, when combined with chemotherapy,
Cetuximab was demonstrated to enhance the effect of iri-
notecan on xenotransplanted anaplastic thyroid cancer cells
[41]. Taken together, it would appear that the responsible
mechanism of Cetuximab’s anti-tumor effect might pri-
marily be a highly specific down-regulation of EGF-driven
VEGF-secretion contributing to anti-angiogenesis, rather
than inhibition of thyroid carcinoma cell growth.

In contrast, AEE 788, a substance known to block both
EGF-R and VEGF-R, not only inhibited VEGF-secretion,
but also caused inhibition of proliferation and induced
apoptosis of tumor cells. Thus, AEE 788 was not as
selective with regard to anti-angiogenetic action as ob-
served for Cetuximab. However, with regard to inhibition
of tumor cell growth AEE 788 may have more potential,
because of the additional effect on tumor cell proliferation
and induction of apoptosis. This may suggest that dis-
rupting the autocrine loop at the level of EGF-R may be a
less effective anti-tumor strategy than simultaneous inhi-
bition of EGF-R and VEGF-R by means of a dual-kinase
inhibitor. A possible explanation for the increased efficacy
of dual-kinase inhibition may be that constitutive activation
of VEGF-R has mitogenic activity independent from
EGF-R mediated VEGF-secretion. Such mitogenic activity
of VEGF-R was recently hypothesized for thyroid carci-
noma, but awaits confirmation [36]. For breast carcinoma
cells, it was demonstrated that specific VEGF receptors are
expressed by the tumor cells and that these receptors re-
spond to autocrine VEGF, resulting in the activation of
signaling pathways that impede apoptosis and promote cell
migration [43]. Alternatively, AEE 788 may block other
kinases or downstream signaling pathways, independent
from EGF-R or VEGF-R, that are not affected by cetux-
imab—as was just recently shown in anaplastic thyroid
cancer cells, where imatinib blocked PDGFR [44]. Finally,
we have shown, that AEE 788 potently inhibits down-
stream signaling pathways such as Akt- and Ras/MAPK-
signaling, known to be important for proliferation and
survival of thyroid carcinoma cells as well as associated to
the metastatic phenotype [45-49]. In follicular thyroid
cancer cells AEE788 alone showed enhanced growth

inhibition compared to other TKI (PKI166 and PTK787)
and all three TKI displayed individual potential to induce
cell apoptosis [33]. This may be attributed to the fact that
AEE788, in addition to its primary inhibition of EGFR and
VEGFR pathways, can also inhibit c-Src, ckit, and RET
pathways at higher doses [31]. Given its significant efficacy
as single substance and its multiple modes of action, AEE
788 may be even more effective in combination with
conventional chemotherapy. Such strategies have already
been shown to be effective in experimental colon, prostate,
ovarian, and anaplastic thyroid carcinoma [50-53].

In summary, this study describes the co-expression of
functional EGF-R and VEGF-R in all histologic types of
thyroid cancer cell lines and shows for the first time the
regulation of VEGF by EGF through EGF-R. It demon-
strates that disrupting the EGF/EGF-R/VEGF/VEGF-R
autocrine loop by a dual-kinase inhibitor is more effective
to induce apoptosis, to inhibit VEGF-secretion and tumor
cell proliferation in thyroid carcinoma cell lines as com-
pared to a monoclonal antibody that blocks EGF-R only.
However, the antibody exhibited a highly selective anti-
VEGF-effect and thus well suited to be used in multiple
drug regimes. These data warrant the use of AEE 788 and
cetuximab in clinical trials of undifferentiated thyroid
cancers potentially in combination with anti-proliferative
chemotherapeutics.

Materials and methods
Thyroid cancer cell lines and culture conditions

The following cell lines were evaluated for EGF regulated
VEGF secretion: TPC1 [54], papillary-, FTC133 [55],
HTC, HTC-TSH-R [56], follicular-, XTC [57] Huerthle
cell-, C 643, Hth 74 [58], anaplastic thyroid cancer. Four
cell lines (TPC1, FTC 133, Hth74, C643) of high
EGF-mediated VEGF secretions were used for further
investigations. The cell lines were maintained in Full
Growth Medium (FGM = DMEM-h21/Ham’s F12 1:1 (v/
v), containing 25 mM Hepes, 0.055g/1 sodium pyruvate
and 0.365 g/l glutamine, 10% fetal bovine serum and
10,000 U/1 penicillin, 100 mg/1 streptomycin) at 37°C in a
100% humidified, 5% CO2 atmosphere as described [57].

For experiments, thyroid cancer cells in exponential
growth were harvested by brief incubation with cold
trypsin-EDTA (0.025%/M, Sigma) and vitality was as-
sessed by tryphan blue exclusion. Depending on the
experiment serum free H5 medium (DMEM-h21/Ham’s
F12 1:1 (v/v) with Glutamin. supplemented with bovine
insulin (10 pg/ml), human transferrin (5 pg/ml), somato-
statin (10 ng/ml), glycyl-L-histidyl-L-lysine acetate (2 ng/
ml) and hydrocortisone (1078 M)) was used instead of FGM
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during experiments, generally functional experiments were
conducted in both H5 and FGM conditions. Culture flasks
and dishes were obtained from Corning (Corning, NY), cell
culture medium was purchased from Biochrom (Berlin,
Germany) and h-EGF from Sigma (Munich, Germany).

Northern blot analysis

Total RNA of thyroid cancer cells was isolated using the
RNeasy-kit and QiaShredder (Qiagen, Hilden, Germany).
About 5-10 pg of total RNA were separated on 1.5% (w/v)
agarose/formaldehyde (2.2 M) gel and transferred to Hy-
bond N+ nylon membranes (Amersham, Arlington Heights,
IL) by capillary blotting. Random prime labeling and
hybridization procedures were carried out as reported using
a 320 bp 32P VEGF-probe hybridizing to three mRNA
species of VEGF [59]. Control hybridizations with human
B-actin cDNA verified that equal amounts of RNA were
loaded. Experiments were repeated three times with similar
results.

Tyrosine kinase inhibitor and neutralizing antibody

Cetuximab (Erbitux®) was generously provided by Merck
AG (Darmstadt, Germany) and was employed at concen-
trations of 0.01, 0.1, 1, and 10 pg/ml during experiments.
Dilutions were prepared using H5 medium. AEE 788 was
generously provided by Novartis Pharma AG (Basel,
Switzerland) and was employed at concentrations of 0.1, 1,
2, and 5 uM during proliferation and VEGF secretion
experiments. Prior to experiments AEE 788 was resolved
in DMSO (WAK Chemicals, Steinbach, Germany),
resulting in a stock solution of 10 mM. Further dilutions
were prepared using HS5 medium equivalent to a 10 mM
DMSO stock.

Western blot analysis of EGF-R downstream signal
transduction

Thyroid carcinoma cells were seeded at a density of
2-3 x 10° cells in 75cm? cell culture flasks and allowed to
adhere for 24 h. After switching to serum free H5S medium
cells were incubated with increasing concentrations of
AEE 788 (0.01, 0.05, 0.1, 0.5, 1, 2, and 5 pM) for 1 hour
followed by a 15 min stimulation with EGF (40ng/ml).
Total cell lysates were prepared by using RIPA Buffer
according to manufacturers instructions (Santa Cruz; Hei-
delberg, Germany). Protein concentrations were deter-
mined using a commercial kit (BCA-Protein Assay, Pierce,
Rockford, II, USA). Following 7.5% SDS-polyacrylamid
gel electrophoresis (SDS-PAGE) under reducing condi-
tions an immunoblot analysis was performed using anti-
EGF-R (Santa Cruz, 1:200), anti-VEGF-R2 (Santa Cruz,

1:100-1:200), anti p-EGF-R (Cell signaling, 1:200-1:500),
and anti-p-VEGF-R2 (Abcam, 1:1000). Total and activated
Akt and MAPK were analyzed using anti-Akt (Cell Sig-
naling, 1:750), anti-phospho-Akt (Cell Signaling, 1:750),
anti-p44/42 MAPK antibody (Cell Signaling, 1:750) and
anti-phospho-p44/42 MAPK (Cell Signaling, 1:750) as
described [60]. Detection of signals was done using the
ECL Western blotting detection reagent and analysis
system (Amersham, Piscataway, NJ, USA).

In vitro proliferation assay

The evaluation of antiproliferative activity of Cetuximab
and AEE 788 on thyroid cancer cells employed a MTT
based assay as described elsewhere [59]. Prior to the
experiments cell toxicity of compounds was determined to
find optimal culture conditions. Concentrations of up to
10 pg/ml for Cetuximab and up to 5 uM of AEE 788 were
found to be acceptable for experiments. Briefly TC cells
were harvested, repeatedly washed with calcium- and
magnesium-free PBS, resuspended in FGM and plated at a
density of 1 x 10* vital cells into triplicate wells of flat
bottom microtitration plates. Cells were allowed to adhere
and resume full growth under optimized conditions (FGM)
over 24 h. Then FGM was changed to specific culture
conditions (HS5, H5+EGF 10 ng/ml, FGM, FGM+EGF
10 ng/ml) and compounds were added in the following
concentrations: Cetuximab 0.01, 0.1, 1, and 10 pg/ml; AEE
788 0.1, 1, and 5 pM. IC50 analysis employed additional
concentrations (0.01, 0.033, 0.066, 0.1, 0.33, 0.66, 1, 3.3,
6.6, and 10 uM). Incubations were continued for up to ten
generation times with refreshing the culture medium every
third day. Cell numbers were determined at 24, 96, and
144 h. Optical densities were determined at 570 nm with a
reference filter of 630 nm (Emax, Molecular Devices,
Munich, Germany). Experiments were repeated three times
in triplicates.

In vitro apoptosis assay

Drug-induced tumor cell apoptosis was evaluated by use of
an apoptosis ELISA (Titer Tacs, R&D Systems, Minneap-
olis, MA, USA). Designed for in situ detection and quanti-
fication of apoptosis in monolayer cell cultures this assay is
based on colorimetric detection of DNA fragments after
adding biotinylated nucleotides to the 3’ ends of DNA
fragments. TC cells, prepared as described above, were
plated into triplicate wells of a flat bottom microtitration
plate at a density of 2 x 10* cells/well. After 24 h FGM was
changed to H5 medium and after another 24 h cells were
incubated with increasing concentrations of Cetuximab
(0.01, 0.1, 1, and 10 pg/ml) or AEE 788 (0.1, 1, and 5 uM)
for 48 h. Then cells were fixed and the apoptosis assay was
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carried out according to the instructions of the manufacturer.
After termination of the colorimetric reaction absorbance
was measured at 450 nm. Experiments were repeated three
times and the extent of apoptosis was calculated as a function
of total vital cell number referenced to additional, non-
treated cells for each sample.

In vitro VEGF secretion

Drug dependent in vitro VEGF secretion of TC cells was
determined by using a VEGF ELISA (R&D Systems; Min-
neapolis, MA, USA) as previously described [10]. Briefly,
cells were seeded at a density of 1 x 107 cells into 24-well
multiwell plates and allowed to resume growth for 24 h in
FGM. Then cells were switched to serum free H5 for another
24 h. Thereafter H5 medium was changed to specific culture
conditions (H5, H5+EGF and FGM, FGM+EGF) and Ce-
tuximab (0.01, 1, and 10 pg/ml) or AEE 788 (0.1, 1, 2, and
5 uM) were added. After a 48-h incubation, conditioned
medium (CM) was harvested, centrifuged (15,000 X g,
20 min, 4°C) to remove debris and aliquots were stored at —
80°C until analyzed. ODs were measured at 450-570 nm
(Emax, Molecular Devices) and VEGF was calculated as cell
number referenced amount of VEGF (pgVEGF/ml). Exper-
iments were repeated three times in triplicates.

Statistical analysis

Unless otherwise stated, values are expressed as the
mean + standard deviation. Student’s paired ¢-test was used
to evaluate differences of continuous variables from samples
of interest and the respective controls during EGF-stimula-
tion and evaluation of EGF-post receptor signal transduction
or administration of compounds. All test were two-tailed. A
P-value of <0.05 was considered to indicate significance.

References

—

. N.R. Caron, O.H. Clark, Scand. J. Surg. 93, 261-267 (2004)

2. S. Diehl, C.B. Umbricht, A.P. Dackiw, M.A. Zeiger, Thyroid 15,
575-582 (2005)

3. K.B. Ain, Semin. Surg. Oncol. 16, 64-69 (1999)

. B. Mclver, L.D. Hay, D.F. Giuffrida, C.E. Dvorak, C.S. Grant,

G.B. Thompson, J.A. van Heerden, J.R. Goellner, Surgery 130,

1028-1034 (2001)

J.L. Pasieka, Curr. Opin. Oncol. 15, 78-83 (2003)

. J. Folkman, J. Natl. Cancer Inst. 82, 4-6 (1990)

D. Hanahan, J. Folkman, Cell 86, 353-364 (1996)

J.D. Ramsden, J. Endocrinol. 166, 475-480 (2000)

C.J. Hung, D.G. Ginzinger, R. Zarnegar, H. Kanauchi, M.G.

Wong, E. Kebebew, O.H. Clark, Q.Y. Duh J. Clin. Endocrinol.

Metab. 88, 3694-3699 (2003)

10. S. Hoffmann, L.C. Hofbauer, V. Scharrenbach, A. Wunderlich, 1.

Hassan, S. Lingelbach, A. Zielke J. Clin. Endocrinol. Metab. 89,

6139-6145 (2004)

N

© %N o

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

. J.D. Lin, T.C. Chao Cancer Biother. Radiopharm. 20, 648-661

(2005)

P. Siironen, J. Louhimo, S. Nordling, A. Ristimaki, H. Maenpaa,
R. Haapiainen, C. Haglund, Tumour Biol. 26, 57-64 (2005)

E. Kebebew, M. Peng, E. Reiff, Q.Y. Duh, O.H. Clark, A.
McMillan, Surgery 38, 1102-1109 (2005)

D.S. Kim, J.A. Franklyn, A.L. Stratford, K. Boelaert, J.C. Wat-
kinson, M.C. Eggo, C.J. McCabe, J. Clin. Endocrinol. Metab. 91,
1119-1128 (2006)

E.Y. Soh, M.S. Eigelberger, K.J. Kim, M.G. Wong, D.M. Young,
O.H. Clark, Q.Y. Duh, Surgery 128, 1059-1065 (2000)

A.J. Bauer, R. Terrell, N.K. Doniparthi, A. Patel, R.M. Tuttle, M.
Saji, M.D. Ringel, G.L. Francis, Thyroid 12, 953-961 (2002)
A.J. Bauer, A. Patel, R. Terrell, K. Doniparthi, M. Saji, M.
Ringel, R.M. Tuttle, G.L. Francis, Ann. Clin. Lab. Sci. 33, 192—
199 (2003)

S. Hoffmann, A. Wunderlich, I. Celik, K. Maschuw, Y. Hassan,
S. Lingelbach, A. Zielke, J. Cell. Biochem. 98, 954-965 (2006)
M.D. Ringel, N. Hayre, J. Saito, B. Saunier, F. Schuppert, H.
Burch, V. Bernet, K.D. Burman, L.D. Kohn, M. Saji, Cancer Res.
61, 6105-6111 (2001)

V. Vasko, M. Saji, E. Hardy, M. Kruhlak, A. Larin, V. Sav-
chenko, M. Miyakawa, O. Isozaki, H. Murakami, T. Tsushima,
K.D. Burman, C. De Micco, M.D. Ringel, J. Med. Genet. 41,
161-170 (2004)

S.M. Freeman, K.A. Whartenby, Drug. News Perspect. 17, 237—
242 (2004)

A.G. Fraumann, A.C. Moses, Metab. North Am. 19, 479-493
(1990)

Q.Y. Duh, E.T. Gum, P.L. Gerend, S.E. Raper, O.H. Clark, World
J. Surg. 14, 410418 (1990)

J.D. Bergstrohm, B. Westermark, N.E. Heldin, Exp. Cell Res.
259, 293-299 (2000)

L.A. Akslen, A.O. Myking, H. Salvesen, J.E. Varhaug, Br. J.
Cancer 68, 808-812 (1993)

B.A. Schiff, A.B. McMurphy, S.A. Jasser, M.N. Younes, D.
Doan, O.G. Yigitbasi, S. Kim, G. Zhou, M. Mandal, B.N. Bekele,
F.C. Holsinger, S.I. Sherman, S.C. Yeung, A.K. El-Naggar, J.N.
Myers, Cancer Res. 10, 8594-8602 (2004)

T. Hoelting, A.E. Siperstein, O.H. Clark, Q.Y. Duh, J. Clin.
Endocrinol. Metab. 79, 401-408 (1994)

B. Gabler, T. Aicher, P. Heiss, R. Senekowitsch-Schmidtke,
Anticancer Res. 17, 3157-3159 (1997)

E.S. Kim, F.R. Khuri, R.S. Herbst, Curr. Opin. Oncol. 13, 506—
513 (2001)

G.P. Adams, L.M. Weiner, Nat. Biotechnol. 23, 1147-1157
(2005)

P. Traxler, P.R. Allegrini, R. Brandt, J. Brueggen, R. Cozens, D.
Fabbro, K. Grosios, H.A. Lane, P. McSheehy, J. Mestan, T.
Meyer, C. Tang, M. Wartmann, J. Wood, G. Caravatti, Cancer
Res. 64, 49314941 (2004)

0.G. Yigitbasi, M.N. Younes, D. Doan, S.A. Jasser, B.A. Schiff,
C.D. Bucana, B.N. Bekele, I.J. Fidler, J.N. Myers, Cancer Res.
64, 7977-7984 (2004)

M.N. Younes, O.G. Yigitbasi, Y.W. Park, S.J. Kim, S.A. Jasser,
V.S. Hawthorne, Y.D. Yazici, M. Mandal, B.N. Bekele, C.D.
Bucana, 1.J. Fidler, J.N. Myers, Cancer Res. 65, 4716-4727
(2005)

A. Konturek, M. Barczynski, S. Cichon, A. Pituch-Noworolska, J.
Jonkisz, W. Cichon, Langenbecks Arch. Surg. 390, 216-221
(2005)

A. Maity, N. Pore, J. Lee, D. Solomon, D.M. O’Rourke, Cancer
Res. 60, 5879-5886 (2000)

J.M. Vieira, S.C. Santos, C. Espadinha, I. Correia, T. Vag, C.
Casalou, B.M. Cavaco, A.L. Catarino, S. Dias, V. Leite, Eur. J.
Endocrinol. 153, 701-709 (2005)



Endocr (2007) 31:105-113

113

37.

38.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

R.B. Luwor, Y. Lu, X. Li, J. Mendelsohn, Z. Fan, Oncogene 24,
4433-4441 (2005)

N. Pore, Z. Jiang, A. Gupta, G. Cerniglia, G.D. Kao, A. Maity,
Cancer Res. 66, 3197-3204 (2006)

. T. Karashima, P. Sweeney, J.W. Slaton, S.J. Kim, D. Kedar, J.I.

Izawa, Z. Fan, C. Pettaway, D.J. Hicklin, T. Shuin, C.P. Dinney,
Clin. Cancer Res. 8, 1253-1264 (2002)

7Z.Q. Huang, D.J. Buchsbaum, K.P. Raisch, J.A. Bonner, K.I.
Bland, S.M. Vickers, J. Surg. Res. 111, 274-283 (2003)

S. Kim, C.N. Prichard, M.N. Younes, Y.D. Yazici, S.A. Jasser,
B.N. Bekele, J.N. Myers, Clin. Cancer Res. 12, 600-607 (2006)
J.P. Overholser, M.C. Prewett, A.T. Hooper, H.W. Waksal, D.J.
Hicklin, Cancer 89, 74-82 (2000)

AM. Mercurio, E.A. Lipscomb, R.E. Bachelder, J. Mammary
Gland Biol. Neoplasia. 4, 283-290 (2005)

J. Kurebayashi, S. Okubo, Y. Yamamoto, M. Ikeda, K. Tanaka, T.
Otsuki, H. Sonoo, Cancer Chemother. Pharmacol. 58, 460-470
(2006)

K.T. Chen, J.D. Lin, T.C. Chao, C. Hsueh, C.A. Chang, H.F.
Weng, E.C. Chan, Thyroid 11, 41-46 (2001)

M.C. Specht, C.B. Barden, T.J. Fahey, Surgery 130, 936-940
(2001)

F. Kada, M. Saji, M.D. Ringel, Curr. Drug Targets. Immune.
Endocr. Metabol. Disord. 4, 181-185 (2004)

K.L. Dunn, P.S. Espino, B. Drobic, S. He, J.R. Davie, Biochem.
Cell. Biol. 83, 1-14 (2005)

C.S. Kim, V.V. Vasko, Y. Kato, M. Kruhlak, M. Saji, S.Y.
Cheng, M.D. Ringel, Endocrinology 146, 4456-4463 (2005)

50

51

52.

53.

54.
55.
56.
57.
58.

59.

60.

. K. Yokoi, P.H. Thaker, S. Yazici, R.R. Rebhun, D.H. Nam, J. He,
S.J. Kim, J.L. Abbruzzese, S.R. Hamilton, I1.J. Fidler, Cancer Res.
65, 3716-3725 (2005)

S. Yazici, S.J. Kim, J.E. Busby, J. He, P. Thaker, K. Yokoi, D.
Fan, 1.J. Fidler, Prostate 65, 203-215 (2005)

P.H. Thaker, S. Yazici, M.B. Nilsson, K. Yokoi, R.Z. Tsan, J. He,
S.J. Kim, LJ. Fidler, A.K. Sood, Clin. Cancer Res. 11, 4923-4933
(2005)

S. Kim, B.A. Schiff, O.G. Yigitbasi, D. Doan, S.A. Jasser, B.N.
Bekele, M. Mandal, J.N. Myers, Mol. Cancer Ther. 4, 632-640
(2005)

Y. Ishizaka, F. Itoh, T. Tahira, I. Ikeda, T. Ogura, T. Sugimura,
M. Nagao, Jpn. J. Cancer Res. 80, 1149-1152 (1989)

T. Hoelting, A. Zielke, A.E. Siperstein, O.H. Clark, Q.Y. Duh,
Clin. Exp. Metastasis. 12, 315-323 (1994)

M. Derwahl, M. Kuemmel, P.E. Goretzki, H. Schatz, M. Broec-
ker, Biochem. Biophys. Res. Commun. 191, 1131-1138 (1993)
A. Zielke, S. Tezelman, G.H. Jossart, M. Wong, A.E. Siperstein,
Q.Y. Duh, O.H. Clark, Thyroid 8, 475-483 (1998)

N.E. Heldin, B. Westermark, Thyroidology 3, 127-131 (1991)
M. Middeke, S. Hoffmann, I. Hassan, A. Wunderlich, L.C.
Hofbauer, A. Zielke, Exp. Clin. Endocrinol. Diabetes 110, 386—
392 (2002)

A. Burchert, Y. Wang, D. Cai, N. von Bubnoff, P. Paschka, S.
Muller-Brusselbach, O.G. Ottmann, J. Duyster, A. Hochhaus, A.
Neubauer, Leukemia 19, 1774-1782 (2005)



	Differential effects of cetuximab and AEE 788 on epidermal growth factor receptor (EGF-R) and vascular endothelial growth factor receptor (VEGF-R) in thyroid cancer cell lines
	Abstract
	Introduction
	Results
	EGF-dependent VEGF secretion in thyroid cancer cell&blank;lines
	EGF-R-blockage by Cetuximab inhibits VEGF secretion, but does not affect cell proliferation nor apoptosis
	AEE 788 inhibits VEGF-secretion, cell proliferation, and causes apoptosis of thyroid cancer cell lines
	AEE 788 blocks EGF-R/VEGF-R-dependent signal transduction

	Discussion
	Materials and methods
	Thyroid cancer cell lines and culture conditions
	Northern blot analysis
	Tyrosine kinase inhibitor and neutralizing antibody
	Western blot analysis of EGF-R downstream signal transduction
	In vitro proliferation assay
	In vitro apoptosis assay
	In vitro VEGF secretion
	Statistical analysis

	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for journal articles and eBooks for online presentation. Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


