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ABSTRACT

Central nervous system (CNS) atypical teratoid/rhabdoid tumours (AT/RT) are among the
paediatric malignant tumours with the worst prognosis and fatal outcome. Insulin-like
growth factor I receptor (IGF-IR) protects cancer cells from apoptosis induced by a variety
of anticancer drugs and radiation. In the present study, IGF-IR was expressed in 8/8 primary
AT/RT as detected by immunohistochemistry. Moreover, we found IGF-I and IGF-II mRNA in
BT-16 CNS AT/RT cells and IGF-II mRNA in BT-12 CNS AT/RT cells, and autophosphorylated
IGF-IR in both cell lines, indicating the potential presence of an autocrine/paracrine IGF-1/1I/
IGF-IR loop in CNS AT/RT. IGF-IR antisense oligonucleotide treatment of human CNS AT/RT
cells resulted in significant down-regulation of IGF-IR mRNA and protein expression, induc-
tion of apoptosis, and chemosensitisation to doxorubicin and cisplatin. These studies pro-
vide evidence for the influence of IGF-IR on cellular responses to chemotherapy and raise
the possibility that curability of selected CNS AT/RT may be improved by pharmaceutical
strategies directed towards the IGF-IR.

© 2007 Elsevier Ltd. All rights reserved.

1. Introduction

rhabdoid tumour of infancy in its aggressiveness, in some his-
tological features and in the loss of function of hSNF5/INI1, a

Central nervous system (CNS) atypical teratoid/rhabdoid tu-
mour (AT/RT) is a highly malignant embryonal tumour in
young children. CNS AT/RT is characterised by the presence
of rhabdoid cells, with or without fields resembling classical
primitive neuroectodermal tumour (PNET), epithelial tissue
and neoplastic mesenchyme.® The unique clinical, biological
and histological features of this tumour have been defined
over the past decade.? It is similar to the renal malignant
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recently described candidate tumour suppressor gene on
chromosome 22.* Experience to date indicates that infants
and children with CNS AT/RT respond very poorly to chemo-
therapy and radiotherapy.>® In one of the largest reported
series of patients with primary CNS AT/RT, only 6 of 36 chil-
dren who received chemotherapy showed objective responses
(>50% reduction in tumour mass) to chemotherapy and only 2
of 10 patients showed objective responses to radiotherapy.
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The median time to clinical progression was 4.5 months and
the median overall survival was 6 months. More recently,
aggressive therapy including high-dose chemotherapy with
stem cell rescue and intrathecal chemotherapy has prolonged
the natural history in a subset of children.” However, the
prognosis for children presenting with CNS AT/RT before
the age of 3 years is still dismal.”® To date, there are no expla-
nations for the remarkable resistance of this particular tu-
mour to cytostatic drugs and radiotherapy.

Insulin-like growth factor I receptor (IGF-IR) plays a funda-
mental role in cell growth and malignant transformation and
is an important mediator of antiapoptotic signals.>*® IGF-IR is
a membrane-bound heterotetramer receptor with two extra-
cellular ligand-binding o-subunits and two transmembrane
B-subunits with intrinsic tyrosine kinase activity. It is highly
expressed in a variety of human tumours including malignant
gliomas, meningiomas and medulloblastoma.*** Ogino et al.
analysed two primary AT/RT by immunohistochemistry and
demonstrated strong positivity for IGF-IR and one of its li-
gands (IGF-II), supporting the hypothesis that autocrine/para-
crine stimulation of cell growth by IGF-IR might be involved in
AT/RT tumourigenesis.” Experiments using dominant nega-
tive mutants of IGF-IR, antibodies to IGF-IR, or antisense strat-
egies directed against IGF-IR mRNA have shown that
decreased or aberrant receptor expression is associated with
a reversal of the transformed phenotype, induction of apopto-
sis and decrease of cellular radioresistance- and chemoresis-
tance.’®® Hence, IGF-IR has qualified as a target for the
development of novel anti-cancer therapies in selected tu-
mour types.'®*°

In this study, we evaluated IGF-IR expression in primary
CNS AT/RT and compared it to near-normal brain samples
and other paediatric brain tumours. In two human CNS AT/
RT cell lines, expression of IGF-IR, IGF-I and IGF-II was deter-
mined to study possible autocrine/paracrine loops. Moreover,
we down-regulated IGF-IR in two human CNS AT/RT cell lines
using an antisense oligonucleotide approach and measured
proliferation, apoptosis and chemosensitivity.

2. Patients and methods

2.1.  Primary tumour samples

Formalin-fixed, paraffin-embedded CNS AT/RT samples for
performing immunohistochemistry were available from 8
CNS AT/RT patients treated at The Children’s Hospital of Phil-
adelphia, PA. The median age at diagnosis of these CNS AT/RT
patients was 4.0 years (range 0.8-10.0 years); 6 were male and
2 were female. Tumour location was infratentorial in 5 pa-
tients and supratentorial in 3 patients. Snap frozen tumour
samples for performing Western blotting were available from
2 CNS AT/RT (left frontal lobe, male, 5.1 years; cerebellum,
male, 10.0 years), 17 medulloblastoma, 2 glioblastoma, 2 ana-
plastic astrocytoma, and 4 pilocytic astrocytoma patients
treated at The Children’s Hospital of Philadelphia, PA. Near-
normal brain samples included cerebellum of a 4-year-old gli-
oma patient, temporal cortex from a 4-year-old epilepsy sur-
gery patient, temporal cortex from a 14-year-old epilepsy
surgery patient, and occipital cortex from a 19-year-old epi-
lepsy surgery patient. Tumour and near-normal brain sam-

ples were snap frozen in liquid nitrogen in the operating
room and then stored at -80 °C until further analysis.

2.2. Human CNS AT/RT cells

BT-12 and BT-16 human CNS AT/RT cells were kind gifts from
Dr. Jaclyn Biegel, The Children’s Hospital of Philadelphia, PA.
These cell lines have been established from two infants with
CNS AT/RT (BT-12 from a 6-week-old female; BT-16 from a 2-
year-old male). They have been analysed for INI1 mutations
by Dr. Jaclyn Biegel and both contain INI1 mutations. BT-12
and BT-16 cells were cultured in DMEM (with Glutamax)/10%
FBS. All cell cultures were maintained at 37 °C in a humidified
atmosphere with 5% CO,.

2.3.  Immunohistochemistry

For histology, tissues were processed according to standard
protocols and stained with haematoxylin-eosin (HE). Immuno-
histochemical stains were carried out on an automated Nexus
staining apparatus (Ventana Medical Systems), following the
manufacturer’s guidelines. Antibodies to glial fibrillary protein
(GFAP; 1:300; Dako), INI1 (BAF47: 1:100, BD Biosciences), alpha-
smooth muscle actin (SMA: 1:20,000, Sigma) and epithelial
membrane antigen (EMA; 1:20; Dako) were used.

For IGF-IR immunostaining, sections were deparaffinised
with xylene, rehydrated and then blocked with 1% hydrogen
peroxide in methanol. After pretreatment with microwaves
(15 min in dH,0) and washing with 0.1 M Tris and 2% horse
serum, the slides were incubated overnight with a polyclonal
IGF-IRB antibody (Santa Cruz Biotechnology, Santa Cruz, CA;
Ref. [13]) at a 1:500 dilution. To detect the reaction, the slides
were incubated for 60 min with a goat anti-rabbit biotinylated
antibody (Vector Laboratories, Burlington, CA) at a 1:500 dilu-
tion and horseradish peroxidase StreptAvidin (Vector Labora-
tories, Burlington, CA) at a 1:1000 dilution. The immune
complex was visualised with the chromogenic substrate
diaminobenzidine tetrahydrochloride. For all samples, nega-
tive controls included omission of primary antibody and pre-
absorption of the primary antibody with IGF-IRB-blocking
peptide (Santa Cruz Biotechnology, Santa Cruz, CA). Normal
human cerebellum was used as a positive control.

2.4.  Western blot analysis

For protein analysis, cells growing in their mid-log phase,
homogenised frozen tumour, and near-normal brain tissue
samples were prepared in the lysis buffer (HEPES, pH 7.6:
25 mM; Triton X-100: 0.1%; NaCl: 300 mM; B-glycerophos-
phate: 20 mM; MgCl,: 1.5 mM; EDTA: 0.2 mM; DTT: 2 M; so-
dium orthovanadate: 0.2 mM; sodium fluoride: 10 mM,;
benzamidine: 1 mM; leupeptin: 2 ug/ml; aprotinin: 4 pg/ml
and PMSF: 500 pM) and incubated on ice for 30 min. The lysate
was centrifuged at 10,000g for 30 min and the supernatants
were stored at -80 °C until further use. After estimating the
protein concentration by the BCA method (Pierce), the lysates
were electrophoresed on SDS-polyacrylamide gels, and the
gels were subjected to immunoblotting. Membranes were
incubated overnight at 4 °C with anti-IGF-IRp polyclonal anti-
body (Santa Cruz Biotechnology, Heidelberg, Germany), or
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anti-p-actin monoclonal antibody (Abcam Ltd., Cambridge,
UK). Membranes were then washed three times at room tem-
perature and bound Ig was detected with anti-isotype mono-
clonal antibody coupled to horseradish peroxidase (Santa
Cruz Biotechnology, Santa Cruz, CA). The signal was visual-
ised by enhanced chemiluminescence ECL (Amersham Biosci-
ences, Diibendorf, Switzerland) and autoradiography. For
densitometry, the zymographic profiles of the gels were
scanned and densitometry performed by using NIH Image-
Quant. IGF-IR expression was semi-quantitated by compari-
son with the profiles of the near-normal brain samples.

Immunoprecipitations were performed using 1 nug of IGF-
IR antibody per 100 pg of protein lysate. After incubation at
4 °C for 2 h, the complex was precipitated with protein A Se-
pharose, electrophoresed on 8% polyacrylamide gels, and
transferred on to a nitrocellulose membrane. The blot was
then probed with a phosphotyrosine-specific antibody
(PY99; Santa Cruz Biotechnology, Santa Cruz, CA).

2.5. Quantitative RT-PCR

Isolation of total RNA and cDNA synthesis were performed as
previously described.?’ Quantitative RT-PCR of IGF-IR, IGF-I
and IGF-II mRNA was performed using an ABI Prism 7700 Se-
quence Detection System (Applied Biosystems, Rotkreuz,
Switzerland), as described.?? Primers and probes for IGF-IR,
IGF-1, IGF-II, and the endogenous control 185 rRNA were pur-
chased from Microsynth (Balgach, Switzerland). For primers
and probes sequences, see Table 1. Experiments were per-
formed in triplicate for each data point. Each sample was nor-
malised on the basis of its 18S rRNA content.

2.6. Uptake of IGF-IR antisense oligonucleotides to CNS
AT/RT cells

Antisense phosphorothioate oligonucleotides directed against
IGF-IR and control scrambled IGF-IR oligonucleotides with a
similar base composition but a randomised sequence as a
control were designed and manufactured by Biognostik (G&t-
tingen, Germany). Fluorescein-labelled phosphorothioate oli-
gonucleotides were used to monitor cellular uptake.
Exponentially growing BT-12 and BT-16 human CNS AT/RT

Table 1 - Sequences of primers and probes used for
quantitative RT-PCR

Gene Sequence of primers and probes
IGF-1 Forward 5'-AAGTCAGCTCGCTCTGTCCG-3’
Reverse 5-TTCCTGCACTCCCTCTACTTGC-3’
Probe 5'-TCTGGGTCTTGGGCATGTCGGTGT-3'
IGF-II Forward 5/-ACGTTCACTCTGTCTCTCCCACTA-3'
Reverse 5-AATT CGTCTGATTGTCCAGGGAGG-3'
Probe 5'-ACAGCTGACCTCATTTCCC GATACCT-3'
IGF-IR Forward 5'-GTGAAAGTGACGTCCTGCATTTC-3/
Reverse 5'-CCTTGTAGTAAACGGTGAAGCTGA-3'
Probe 5'-CACCACCACGTCGAAGAATCGCATC-3'
18S rRNA Forward 5'-AGTCCCTGCCCTTTGTACACA-3'

Reverse 5'-GATCCGAGGGCCTCACTAAAC-3’
Probe 5'-CGCCCGTCGCTACTACCGATTGG-3'

cells were plated in 16-well plastic chamber slides (Biognos-
tik, Gottingen, Germany) (2 x 10% cells/well) and 2 uM fluores-
cein-labelled phosphorothioate oligonucleotides were
directly added into the wells. Cells were fixed after 8, 12, 24,
and 48 h with -20 °C methanol and slides were sealed with
mounting medium containing 4,6-diamidino-2-phenylindole
(Vectashield Vector Laboratories, Burlingame, CA). Fluores-
cent uptake and distribution was visualised by fluorescence
microscopy. To determine the percentage of uptake, FITC-la-
belled cells were counted and related to the total number of
cells as previously described.?®

2.7. Measurement of cell viability

Exponentially growing BT-12 and BT-16 human CNS AT/RT
cells (3 x 10° cells/well) were treated with 2 uM IGF-IR anti-
sense oligonucleotides for 0, 8, 12, 24, 48, 72, and 96 h. Con-
trols included untreated cells, and cells treated with
scrambled oligonucleotides. A colourimetric 3-(4,5-dimethyl-
thiazol-2-yl)-5-(3-carboxymethoxyphenyl)-2-(4-sulphophe-
nyl)-2H-tetrazolium, inner salt (MTS) assay (Promega,
Wallisellen, Switzerland) was used to quantitate cell viability
as previously described.?* Each condition was performed in
triplicate.

2.8.  Detection of apoptosis

Exponentially growing BT-12 and BT-16 cells (3 x 10° cells/
well) were incubated with 2 M IGF-IR antisense oligonucleo-
tides for 0, 24, 48, 72 and 96 h. Controls included untreated
cells, and cells treated with scrambled oligonucleotides. A
photometric enzyme-immunoassay (Cell Death Detection
ELISAP'US; Roche Diagnostics, Basel, Switzerland) was used
for the quantitative determination of cytoplasmic histone-
associated DNA fragments, as described previously.?*

2.9.  Treatment of IGF-IR antisense pretreated CNS AT/RT
cells with cytotoxic drugs

After 24 h pretreatment with IGF-IR antisense oligonucleo-
tides (2uM), BT-12 and BT-16 human CNS AT/RT cells
(3 x 10° cells/well) were treated with cisplatin or doxorubicin
in the concentrations indicated. After a further incubation
of 48 h, cell viability was quantified by the MTS assay. Con-
trols included cells pretreated with scrambled oligonucleo-
tides and cells without pretreatment.

2.10. Statistical analysis

GraphPad Prism 4 (GraphPad Software, San Diego, CA, USA)
software was used to calculate IC50 values and their 95% con-
fidence intervals and to compare the fitted midpoints (log
ICsp) of the two curves statistically.

3. Results

3.1.  Expression of IGF-IR in primary CNS AT/RT

To study the expression of IGF-IR in CNS AT/RT, we per-
formed immunohistochemistry in eight formalin-fixed,
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paraffin-embedded primary CNS AT/RT and found IGF-IR
expression in all tumours studied (Fig. 1). For comparative
quantification, we performed Western blotting with a poly-
clonal IGF-IRf chain antibody in frozen tumour samples of
2 CNS AT/RT, 18 medulloblastoma, 8 glial tumours and 4
near-normal brain samples. We found a clear IGF-IR over-
expression in CNS AT/RT compared to near-normal brain
samples (Fig. 2a) and high IGF-IR expression in CNS AT/
RT compared to medulloblastoma and paediatric glial
CNS tumours (Fig. 2b).
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3.2.  IGF-I and IGF-II expression in human CNS AT/RT cells
To study the functional activity of IGF-IR and possible auto-
crine/paracrine loops, we performed Western blotting, auto-
phosphorylation studies and RT-PCR for IGF-I and IGF-II in
two human CNS AT/RT cell lines (Table 2). In BT-16 CNS AT/
RT cells, high levels of autophosphorylated IGF-IR and expres-
sion of IGF-I and IGF-II mRNA were detected indicating a pos-
sible autocrine/paracrine loop. In BT-12 cells, IGF-IR protein
expression was lower when compared to BT-16 cells, and no
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Fig. 1 - Exemplary morphological and immunohistochemical appearance of one out of eight investigated primary CNS AT/RT:
depicted is a malignant, highly cellular tumour consisting of numerous rhabdoid cells (arrows; hematoxylin and eosin, HE; a).
Immunohistochemical stainings revealed areas of epithelial, mesenchymal and neuroectodermal differentiation as
demonstrated by focal positivity for glial fibrillary acidic protein (GFAP, b), epithelial membrane antigen (EMA, c), smooth
muscle actin (SMA, d). As reported for the majority of AT/RTs, INI1 protein expression was lacking (internal positive control:
endothelial cells, arrows; e), probably due to inactivation of the INI1/hSNF5 gene. Virtually all tumour cells displayed a strong
immunoreactivity for IGF-IR (internal negative control: endothelial cells of a vessel (asterisks), which, at best, exhibited a

slight background signal, f). Scale bars: a-f: 50 pm.
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Fig. 2 - (a) Western blot analysis demonstrating high IGF-IR protein expression in primary CNS AT/RT (lanes 1 and 2)
compared to near-normal brain samples (lanes 3-6). Protein samples (100 pg) were electrophoresed on 8% SDS gels,
transferred to Immobilon-P membrane, and probed with IGF-IRf chain (97 kDa) antibodies. (b) Densitometric quantitation of
IGF-IR protein expression in two primary CNS AT/RT compared to other childhood brain tumours (17 medulloblastoma, four
high-grade gliomas and four pilocytic astrocytomas). Tumour tissue lysates (100 pg protein) were analysed for the expression
of IGF-IR by Western blot analysis.

Table 2 - Characteristics of BT-12 and BT-16 human CNS AT/RT cells

IGF-IR protein IGF-IR autophosphorylation IGF-I mRNA (RT-PCR)  IGF-II mRNA (RT-PCR)

(Western blotting)  (Immunoprecipitation, phosphotyrosin Ab)
BT-12 + + - +
BT-16 +++ +++ + ++

+++: high expression; ++: medium expression; +: low expression; —: no expression detectable.

IGF-I, but IGF-II was detectable. IGF-IR was also found to be
autophosphorylated, but to a lesser extent than in BT-16 cells.

3.3.  Antisense oligonucleotide-mediated down-regulation
of IGF-IR mRNA and protein expression

Uptake of the IGF-IR antisense oligonucleotides into the CNS
AT/RT cells was monitored using fluorescein-labelled oligonu-
cleotides. A maximal uptake of 70-80% was reached with a
concentration of 2 uM after 12 h treatment in three indepen-
dent experiments. This level was kept for 24 and 48 h after
treatment. Increasing the amount of antisense molecules
and incubation for longer times generated no increase in oli-
gonucleotide uptake. We then treated BT-12 and BT-16 human
CNS AT/RT cells for 48 h with IGF-IR antisense oligonucleo-
tides (2 M) and determined IGF-IR mRNA expression by
quantitative RT-PCR and IGF-IR protein expression by Western
blotting. In IGF-IR antisense oligonucleotide-treated BT-12
(BT-16) cells, the mean IGF-IR mRNA expression levels were
reduced to 51% (61%) compared to untreated cells and to
59% (75%) compared to control cells treated with scrambled
oligonucleotides (Fig. 3a). In IGF-IR antisense oligonucleo-
tide-treated BT-12 (BT-16) cells, the mean IGF-IR protein
expression levels were reduced to 39% (47%) compared to un-

treated cells and to 53% (51%) compared to control cells trea-
ted with scrambled oligonucleotides (Fig. 3b).

3.4. IGF-IR antisense treatment suppresses CNS
AT/RT cell proliferation

Treatment of BT-12 and BT-16 human CNS AT/RT cells with
IGF-IR antisense oligonucleotides (2 uM) resulted in a signifi-
cant time-dependent decrease of cellular proliferation when
compared to untreated and scrambled oligonucleotide-treated
cells as determined by the MTS assay (Fig. 4). No significant dif-
ferences in cellular proliferation were detected between un-
treated or scrambled oligonucleotide-treated cells.

3.5. IGF-IR antisense treatment increases apoptotic
cell death in CNS AT/RT cells

Treatment of BT-12 and BT-16 CNS AT/RT cells with IGF-IR
antisense oligonucleotides (2 pM) resulted in a significant
time-dependent increase of apoptotic cell death when com-
pared to untreated and scrambled oligonucleotide-treated
cells, as determined by Cell Death ELISA (Fig. 5). There were
no significant differences in apoptotic cell death between un-
treated or scrambled oligonucleotide-treated cells.



1586

EUROPEAN JOURNAL OF CANCER 43 (2007) 1581-1589

3.6. IGF-IR antisense treatment sensitises CNS AT/RT cells
to chemotherapy

To investigate whether IGF-IR down-regulation alters chemo-
sensitivity in CNS AT/RT cells, we tested different cytotoxic
drugs (doxorubicin, cisplatin) in IGF-IR antisense oligonucleo-
tide pretreated (2 pM; 24 h) BT-12 and BT-16 human CNS AT/
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RT cells, and measured cell proliferation by MTS assay. For
the two cytotoxic drugs tested, BT-16 human CNS AT/RT cells
were less sensitive when compared to BT-12 cells. We then
compared chemosensitivity of IGF-IR antisense oligonucleo-
tide treated cells with scrambled oligonucleotide treated con-
trol cells. As shown in Fig. 6, IGF-IR down-regulation by
antisense oligonucleotides resulted in significant increases
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Fig. 3 - Down-regulation of IGF-IR mRNA (a) and protein expression (b) by IGF-IR antisense oligonucleotide treatment (2 pM;
48 h) in human CNS AT/RT cells, as measured by quantitative RT-PCR (values represent the mean expression + SD n = 3) and

Western blot analysis (representative example).
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Fig. 4 - Down-regulation of IGF-IR through antisense oligonucleotide treatment (2 pM) suppresses proliferation in BT-12 and
BT-16 human CNS AT/RT cells, as measured by MTS assay at different time points. Values represent the absorbance at 490 nm

+SD (n =3).
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Fig. 5 - Down-regulation of IGF-IR through antisense oligonucleotide treatment (2 pM) increases apoptotic cell death in BT-12
and BT-16 human CNS AT/RT cells, as measured by Cell Death ELISA at different time points. Values represent the absorbance
at (405-490 nm) +SD (n = 3).
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Fig. 6 — Down-regulation of IGF-IR through antisense oligonucleotide treatment (2 pM; 48 h) results in significantly increased
chemosensitivity of BT-12 and BT-16 human CNS AT/RT cells to doxorubicin (a), and cisplatin (b). Values represent the mean
percentage of survival (+SD, n = 3) compared to a matched control which was not drug treated.
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of chemosensitivity of BT-12 and BT-16 cells to doxorubicin
(BT-12, IC-50: 0.0002 [95% confidence interval: 0.00009-
0.00048] versus 0.015 [95% confidence interval: 0.0092-
0.0231] pg/ml, p <0.0001; BT-16, IC-50: 0.005 [95% confidence
interval: 0.0016-0.0187] versus 0.11 [95% confidence interval:
0.0696-0.1767] nug/ml, p <0.0001), and cisplatin (BT-12, IC-50:
0.325 [95% confidence interval: 0.2437-0.4338] versus 0.715
[95% confidence interval: 0.3744-1.367] pg/ml, p =0.017; BT-
16, IC-50: 1.05 [95% confidence interval: 0.8131-1.357] versus
2.00 [95% confidence interval: 1.632-2.457] pg/ml, p = 0.001).

4, Discussion

In the present study, we found a significant IGF-IR expression
in all AT/RT specimen, as assessed by immunohistochemis-
try. Based on the analysis of two AT/RTs, for which material
for Western blotting was available, the level of IGF-IR expres-
sion was found to be clearly over-expressed compared to
normal brain and appeared to be higher when compared to
other paediatric CNS neoplasms. Moreover, we found IGF-I
and IGF-II mRNA in BT-16 human CNS AT/RT cells, and
IGF-II mRNA in BT-12 human CNS AT/RT cells. In both cell
lines, autophosphorylated IGF-IR was detected. Together
with the results of Ogino et al.”® these results indicate the
existence of an autocrine/paracrine IGF-I/II/IGF-IR loop in
CNS AT/RT.

The binding of IGF-I and/or IGF-II to IGF-IR results in acti-
vation of its intrinsic tyrosine kinase with subsequent activa-
tion of the PI3 kinase-AKT-Bad cascade thereby protecting the
cells from undergoing apoptosis.?>?® Activation of IGF-IR also
suppresses pro-apoptotic pathways such as the JNK path-
way.”’ It is therefore conceivable that highly expressed acti-
vated IGF-IR in CNS AT/RT might be involved in resistance
to apoptosis. In agreement with this hypothesis is our finding
that primary CNS AT/RT has a relatively high proliferation in-
dex, but only a low apoptotic index.

Recent studies demonstrate that the concept of IGF-IR tar-
geting as an approach for growth control in specific tumour
cells has qualified for the development of novel anti-cancer
therapies (reviewed in [20,28]) Several strategies have been
employed in different tumour cell lines to block either IGF-
IR function or expression, both in vitro and in vivo. These in-
cluded either inhibitors of ligand binding, e.g. peptide,
small-molecule competitive binding antagonists and antire-
ceptor antibodies or the use of inhibitors of IGF1R expression,
such as siRNA and antisense (reviewed in [9]).

In the present study, we used antisense oligonucleotides to
down-regulate IGF-IR in two human CNS AT/RT cell lines. We
were able to demonstrate that IGF-IR mRNA and protein
expression were significantly reduced in antisense oligonu-
cleotide-treated cells compared to control cells.

IGF-IR down-regulation in CNS AT/RT cells resulted in a
significant suppression of cellular proliferation, and induc-
tion of apoptosis. This is in accordance with previous
in vitro findings in antisense oligonucleotide-mediated IGF-
IR down-regulation in human lung cancer cells,” prostate
cancer cells®® and malignant glioma cells.?* Salatino et al.
demonstrated inhibition of in vivo breast cancer growth by
antisense oligonucleotides to IGF-IR mRNA.*?

We then studied whether down-regulation of IGF-IR alters
chemosensitivity and found that treatment with IGF-IR anti-
sense oligonucleotides resulted in a significant increase of
sensitivity to doxorubicin and cisplatin. Our results are con-
sistent with a large body of evidence which suggests that
IGF-IR signalling results in chemotherapy resistance in a wide
variety of tumours.*® For instance, inhibition of IGF-IR signal-
ling using a monoclonal antibody>* or expression of a domi-
nant-negative mutant of the IGF-IR* enhanced sensitivity to
paclitaxel in breast cancer cell lines. An anti-IGF-IR antibody
enhanced the sensitivity of pancreatic cancer xenografts to
gemcitalbine,36 and antisense inhibition of IGF-IR enhanced
sensitivity of prostate cancer cells to cisplatin, mitoxantrone
and paclitaxel.?”

Taken together, our findings indicate that AT/RT express
high levels of IGF-IR which may be activated through an auto-
crine/paracrine IGF-I/IGF-II/IGF-IR loop, contributing to the
aggressiveness and therapy resistance of this particular pae-
diatric brain tumour. Our results demonstrate that CNS AT/
RT cell growth can be inhibited by treatment with IGF-IR anti-
sense oligonucleotides. Moreover, we were able to demon-
strate that antisense-mediated down-regulation of IGF-IR
results in sensitisation to doxorubicin and cisplatin. These re-
sults raise the possibility that curability of selected tumours
may be improved by pharmaceutical strategies directed to-
wards the IFG-IR. The in vivo effects of IGF-IR inhibition and
whether inhibition also influences the response of AT/RT cells
to radiation therapy, are questions that remain to be
answered.
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