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Abstract 1. DiVerent expression
patterns of insulin-like growth factor
binding proteins in human pituitary
adenomas and craniopharyngiomas
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Insulin-like growth factors (IGFs) are impor-
tant growth promoting proteins. Their eVects
are mediated by IGF receptors, which are
involved in various biochemical pathways in
the cell and are expected to be a potential
target for new therapeutic approaches in can-
cer. IGF binding proteins (IGFBPs) act as
potent modulators of the cellular responses to
IGF-I. The presence and distribution of
IGFBPs in pituitary tumours has not been
explored previously. This study investigates
the expression of IGFBPs in human pituitary
adenomas and craniopharyngiomas.

Blocks of paraYn wax embedded, forma-
lin fixed tumour tissue from 98 pituitary
adenomas, including 27 recurrent tumours,
and from 14 primary craniopharyngiomas
were selected for detection of IGFBPs 1–6
with rabbit polyclonal antibodies. Immuno-
histochemistry was performed using the
avidin–biotin complex method with 3,3'
diaminobenzidine as chromogenic substance
under specific pretreatments. Material from
carcinoma in situ of the testis was used as
control tissue. The expression of IGFBPs was
evaluated semiquantitatively, and the subcel-
lular localisation of the staining was noted.

All tumours expressed diVerent IGFBP
types with a variable and diVuse intracyto-
plasmic staining pattern, except for four
craniopharyngiomas and one primary pitui-
tary adenoma, which showed no expression
of IGFBP-2. An intracytoplasmatic dot-like
pattern of expression was found in 10
pituitary adenomas stained with anti-
IGFBP-2 antibody, in 106 cases (including
11 craniopharyngiomas) with anti-IGFBP-3
antibody, in 69 tumours (including only three
craniopharyngiomas) with anti-IGFBP-4
antibody, in eight pituitary adenomas stained
with anti-IGFBP-5 antibody, and in 51
neoplasms (including three craniopharyngi-
omas) stained with anti-IGFBP-6 antibody.
Most tumours displayed an IGFBP staining
pattern consisting of a few small cytoplasmic
dots. On the other hand, most of the pituitary
adenomas (n = 79) and one craniopharyngi-
oma stained with anti-IGFBP-3 antibody
revealed many large intracytoplasmatic dots.
There was a significant diVerence in the
paranuclear dot-like immunostaining for
IGFBP-3 between craniopharyngiomas and
pituitary adenomas (p < 0.001, Fischer’s
exact test), but no significant diVerence in
IGFBP expression between primary and
recurrent pituitary adenomas.

Human pituitary adenomas and crani-
opharyngiomas express IGFBPs in diVerent
patterns. The role of the cytoplasmic dot-like
expression of IGFBP-3 in pituitary adenomas

should be explored more closely. Further
investigations are necessary to define the pos-
sible prognostic value of the diVerent expres-
sion patterns of IGFBP in these tumours.

Abstract 2. IGF-II inhibits butyrate
induced apoptosis of LIM 2405 human
colon cancer cells
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Butyrate is a short chain fatty acid that is
formed by bacterial fermentation of fibre in
the colon. It has been shown previously to
induce apoptosis and inhibit proliferation of
colon cancer cells. However, butyrate is a
more potent inhibitor of tumorigenesis in
vitro than in vivo.

LIM 2405 cells derive from a poorly
diVerentiated colon carcinoma. Sodium bu-
tyrate induced apoptosis of these cells is
assessed morphologically using Hoechst
33258 DNA staining, and also by DNA lad-
dering and cell death enzyme linked
immunosorbent assay (ELISA). When these
cells undergo apoptosis, they detach and float
in the medium. The eVect of butyrate was
dose dependent (0–30 mM).

Insulin like growth factor II (IGF-II) is an
autocrine growth factor for many colon cancer
cells. Pretreatment of LIM 2405 cells with
IGF-II (100 ng/ml, one hour) followed by
incubation with butyrate (10 mM) + IGF-II
for 24 hours increased the mean attached cell
number from 69 ± 3% to 95 ± 7% of control
(p < 0.01). There was a concomitant decrease
in the number of floating (apoptotic) cells from
180 ± 14% to 42 ± 8% of control (p < 0.001).
This result was confirmed by decreased inten-
sity of DNA ladders following incubation with
IGF-II and by cell death ELISA, which
showed that the number of apoptotic cells fol-
lowing treatment with IGF-II + butyrate was
approximately four times lower than with
butyrate alone (p < 0.001).

Multiple pathways have been implicated in
the actions of butyrate. The most important
of these is thought to be the inhibition of his-
tone deacetylase. Trichostatin A (TSA) is a
specific inhibitor of this enzyme and it had a
similar pro-apoptotic eVect to butyrate on
LIM 2405 cells. Incubation with IGF-II
slightly increased attached cell number from
64 ± 5% to 73 ± 6% of control but substan-
tially decreased floating cell number from
233 ± 15% to 49 ± 7% of control
(p < 0.001). The inhibition of TSA induced
apoptosis by IGF-II was confirmed by cell
death ELISA, which showed that the number
of apoptotic cells following treatment with
IGF-II + TSA was approximately three times
lower than with TSA alone (p < 0.01).

Butyrate also has tumorigenic eVects such
as increasing cell migration. This property
was confirmed for LIM 2405 cells (142
± 29% of control, p < 0.01). IGF-II also
increased migration by 80 ± 29% (p < 0.01).
In contrast to the eVects on apoptosis,
incubation of IGF-II and butyrate had an
additive eVect on migration (261 ± 47%,

p < 0.05 v butyrate). TSA (1 µM) did not
increase migration (101 ± 8% of control),
suggesting that this eVect of butyrate is not
dependent on the inhibition of histone
deacetylase.

These results suggest that: (1) IGF-II spe-
cifically antagonises the antitumorigenic ap-
optotic action of butyrate; (2) IGF-II acts
downstream of histone hyperacetylation.
IGF-II expression may be one mechanism
whereby colon cancer cells acquire resistance
to the antitumorigenic eVects of butyrate and
may explain at least in part the relatively
modest eVects of butyrate on tumorigenesis
in vivo.

Abstract 3. The IGF-I receptor in
cancer: transformation versus
diVerentiation
R BASERGA

Kimmel Cancer Center, Thomas JeVerson Uni-
versity, Philadelphia, USA
In most cell types in culture, the insulin-like
growth factor receptor (IGF-IR) sends an
unambiguous mitogenic signal. In other cell
types (such as myoblasts, osteoblasts, adi-
pocytes, oligodendrocytes, neurones, and
haemopoietic cells), IGF-I and IGF-II can
stimulate either proliferation or diVerentia-
tion, or both. We have studied the response of
haemopoietic cells to IGF-I in 32D cells.
32D cells are murine haemopoietic cells of
the myeloid lineage, which undergo apoptosis
within 24 hours after withdrawal of inter-
leukin 3 (IL-3). When 32D cells overexpress
(even modestly) the IGF-IR, they survive in
the absence of IL-3 and, with the addition of
IGF-I, they actually grow for about 48 hours.
Then, the cells begin to diVerentiate along
the granulocytic pathway, and eventually
decrease in number, as one would expect
from terminally diVerentiated cells. 32D cells
do not express IRS-1 or IRS-2. If 32D
IGF-IR cells are stably transfected with
IRS-1 cDNA, to generate 32D IGF-IR/IRS1
cells, the cells no longer diVerentiate, they
grow indefinitely in the absence of IL-3, and
they form tumours in animals. Conversely, if
32D cells are transfected with a plasmid
expressing Shc proteins they rapidly diVeren-
tiate. Thus, at least in the case of 32D cells
and the IGF-IR, the “cell context” is the
availability of individual substrates of the
IGF-IR. The presence or absence of a single
transducing molecule makes the diVerence
between malignant transformation and ter-
minal diVerentiation, based on diVerences in
the signalling pathways of the IGF-IR.

Abstract 4. Signalling pathways involved
in antiproliferative eVects of IGFBP-3
R C BAXTER

Kolling Institute of Medical Research, University
of Sydney, Royal North Shore Hospital, Sydney,
NSW 2065, Australia
The proliferation of cell populations repre-
sents the balance between cell division and
cell death. Insulin-like growth factor binding
protein 3 (IGFBP-3) has the potential to
modulate both of these processes, either by
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aVecting the interactions of IGFs with the
type 1 IGF receptor (IGF-1R), or by alterna-
tive IGF-1R independent mechanisms. The
tumour suppressor protein p53 could initiate
some IGFBP-3 mediated eVects, because
IGFBP-3 gene expression is activated by p53
in response to DNA damaging stimuli such as
ionising radiation (IR). Cell death (apoptosis)
may be induced by an alteration in the ratio of
pro-apoptotic and anti-apoptotic proteins of
the bcl-2 family—for example, the bax : bcl-2
ratio. In T47D breast cancer cells, which lack
wild-type p53 and are relatively resistant to
IR, transfection with IGFBP-3 cDNA causes
an increase in apoptosis as determined by
nuclear fragmentation or TUNEL labelling.
In clonogenic survival assays, IGFBP-3
transfected cells have a significantly reduced
survival rate compared with controls, when
exposed to increasing doses of IR, and indices
of apoptosis are significantly increased above
that seen in control cells. Thus, IGFBP-3 is
able to sensitise the IR resistant cell line to
radiation induced apoptosis even in the
absence of wild-type p53. The mechanism
appears to involve a post-transcriptional
increase in bax, because levels of Bax protein
but not mRNA are increased by IGFBP-3
and further by IR. Anti-apoptotic Bcl-xL lev-
els are correspondingly decreased (T47D
cells do not express Bcl-2). Evidence is accu-
mulating that IGFBP-3 signalling involves its
nuclear translocation. We previously used
mutagenesis to implicate the basic domain
residues of IGFBP-3 (228–232), KGRKR, in
this process. More recently we have shown, in
addition, the importance of basic residues
215–216 and 220–222 in the nuclear localisa-
tion sequence (Schedlich et al, J Biol Chem
2000;275:23462). Nuclear import of
IGFBP-3 is an energy dependent process and
is blocked by antibodies against importin-â;
furthermore, direct interaction of IGFBP-3
with importin-â can be shown by western
blot. Permeabilisation experiments indicate
that IGFBP-3 is retained in the nucleus, but
the nuclear elements with which it interacts,
and other proteins which it might co-
transport to the nucleus, are unknown.
IGFBP-3 signalling is also known to be
aVected by the ERK/mitogen activated kinase
(MAP) kinase pathway, because we have
shown that breast cancer cell lines expressing
oncogenic ras (for example, MCF-10T,
Hs578T) are relatively IGFBP-3 resistant
and can be sensitised to its inhibitory eVect
by the MEK inhibitor PD98059. MCF-10T
cells remain sensitive to transforming growth
factor â (TGF-â) inhibition despite their ras
overexpression, but in other cell lines this is
reported to block TGF-â signalling via a
MAP kinase mediated mechanism. We
showed previously that sensitivity to exog-
enous IGFBP-3 in T47D cells requires an
active TGF-â signalling pathway, because
added IGFBP-3 was ineVective in these cells
(which lack the TGF-â receptor type II and
are normally TGF-â resistant) unless they
were transfected to overexpress the TGF-â
receptor, and exogenous TGF-â was added
(Fanayan et al, Growth Hormone and Insulin-
like Growth Hormone Research 1999;9:338).
These data suggest that MAP kinase might
modulate cellular IGFBP-3 sensitivity via
interaction with TGF-â signalling intermedi-
ates. The exact pathways involved and the
reason why T47D cells are diVerentially
responsive to exogenous compared with
transfected IGFBP-3 remain to be resolved.

Supported by the NH and MRC, Australia.

Abstract 5. EVectiveness of the
phosphatidylinositol-3 kinase inhibitor
LY294002 against growth, survival, and
motility of Ewing’s sarcoma cells
S BENINI, V CERISANO, M C MANARA, M SERRA, P

PICCI, K SCOTLANDI

Laboratorio di Ricerca Oncologica, Istituti Orto-
pedici Rizzoli, Bologna, Italy
Given that several lines of evidence indicate
that the insulin-like growth factor I receptor
(IGF-IR) is implicated in the autocrine and
paracrine control of Ewing’s sarcoma growth
and may be particularly important in the
pathogenesis of this tumour, the main objec-
tive of this study is to provide a basis for the
development of future treatment strategies
targeting IGF-IR in this neoplasm. Previ-
ously, we reported that IGF-I promotes
growth, survival, and migration of Ewing’s
sarcoma cells. IGF-I has been shown to
modulate transformation, cell growth, and
survival through diVerent, although partially
overlapping, signal transduction pathways. In
particular, the anti-apoptotic eVect of
IGF-IR as well as its chemotactic action
appears to be mainly dependent on the
activation of phosphatidylinositol-3 kinase
(PI3-K). In this study, we evaluated the
eVects of LY294002, a potent inhibitor of
PI3-K, on the proliferation, survival, and
migration of Ewing’s sarcoma cells. Incuba-
tion with LY294002 (1, 5, and 10 µM)
induced a significant inhibition of Ewing’s
sarcoma cell growth in vitro. This eVect was
dose dependent and partially reversed by the
addition of exogenous IGF-I (10–100 ng/
ml). A consistent reduction of the S-phase
rate and a significant induction of apoptosis
was observed after LY294002 treatment.
Moreover, LY294002 was able to aVect the
migratory ability of Ewing’s sarcoma cells.
Finally, we found that the inhibition of PI3-K
by LY294002 rendered these cells more sen-
sitive to the chemotherapeutic agent doxoru-
bicin. In conclusion, these findings suggest an
important role of PI3-K inhibitors as a
potentially useful treatment for Ewing’s
sarcoma patients.

Abstract 6. Expression of IGF-1,
IGF-1R, and IGFBP-3 in eight sarcoma
cell lines
A BERNSTEIN

1,2, S LEDER
1, A SPENS

3, J EYER
1, D

KUBIS
1, W HEIN

2, H DRALLE
1, C HOANG-VU

1

1Klinik für Allgemeinchirurgie, 2Klinik für Or-
thopädie, and 3Klinik für Innere Medizin II,
Martin-Luther-University Halle-Wittenberg,
Halle, Germany
Insulin-like growth factor 1 (IGF-1) is among
the most prevalent growth factors secreted by
skeletal cells that are considered autocrine
regulators of osteoblastic cell function. IGF-1
has mitogenic activity for bone cells and
enhances the diVerential function of the oste-
oblast. The IGF-1 receptor (IGF-1R) is a
350 kDa glycoprotein. The cytoplasmic pro-
tein tyrosine kinase is activated by ligand
binding to the extracellular domains of the
receptor. Skeletal cells synthesise six of the
known IGF binding proteins (IGFBPs),
although the pattern of their expression varies
with the cell line studied and culture
conditions used. Overexpression of IGF-1R
or its ligand IGF-1 is frequently associated
with abnormal growth, cellular transforma-
tion, and the inhibition of apoptosis in
tumour cells. The aim of this study was to
characterise the expression of IGF-1, IGF-

1R, and IGFBP-3 in eight sarcoma cell lines
as basic data for the further study of rediVer-
entiation and dediVerentiation mechanisms
in human sarcomas.

Four human osteosarcoma cell lines
(SAOS-2, MG 63, SKOS, and HOS), two
Ewing’s sarcoma cell lines (MHH-ES1, ESP
38), and two human chondrosarcoma cell
lines (SW1353, HST 819T) were cultured
and grown on coverslips for direct immuno-
staining and microscopy. For reverse tran-
scription polymerase chain reaction (RT-
PCR) analysis total RNA was isolated from
cell cultures using a commercially available
kit. Coverslips were prepared for immuno-
staining using commercially available poly-
clonal antibodies. To study cell proliferation
MTT was also done for each cell line 24
hours, 48 hours, and 72 hours after culturing
of 5000 cells.

Transcripts of IGF-1, IGF-1R, and
IGFBP-3 were detected in all osteosarcomas
as well as in both Ewing’s sarcoma cell lines
and correlated well with the immunoreactivi-
ties. In both chondrosarcoma cell lines the
expression of IGF-1 mRNA was lower than
was seen in the osteosarcoma and Ewing’s
sarcoma cell lines, whereas IGF-1R and
IGFBP-3 transcripts were adequately ex-
pressed. However, both chondrosarcoma cell
lines had lower levels of IGF-1, IGF-1R, and
IGF-BP3 immunoreactivity. MTT test evalu-
ation revealed that the chondrosarcoma cell
lines had a lower proliferation rate when
compared with other sarcoma cell lines. Our
data demonstrated that overexpression of the
IGF-1/IGF-1R system is associated with
abnormal growth in human sarcoma cells.

Supported in parts by Land Sachsen-Anhalt and by
the Pinguin-Stiftung, Düsseldorf.

Abstract 7. Serum IGF-I and TGF-â1 in
patients with early stages of small cell
lung cancer (SCLC), non small cell lung
cancer (NSCLC), and breast cancer
H BORGIEL-MAREK
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1Department of Maxillofacial Surgery, 2Depart-
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Biochemistry, 4Department of Pulmonology, 5De-
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Conflicting data suggest that transforming
growth factor â1 (TGF-â1) can inhibit or
promote the progression of neoplastic cells. It
seems that in early stages of cancer the
neoplastic cells are sensitive to TGF-â1
mediated growth arrest so that TGF-â1 can
act as an antitumour promoter. However, in
advanced stages of cancer, resistance to such
TGF-â1 action develops. In addition, neo-
plastic cells produce large amounts of TGF-
â1, which may enhance tumour invasion and
metastasis by intensifying angiogenesis, im-
munosuppression of the whole organism, and
locally by enhancing the formation of extra-
cellular matrix. On the other hand, IGF-I
probably takes part in the promotion of the
growth of normal and neoplastic cells and
plays a role in the transformation processes,
in angiogenesis, and neoplastic progression.
It is thought that TGF-â1 is one of the
cytokines that can antagonise the stimulatory
eVect that IGF-I has on the proliferation of
neoplastic cells.
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The aim of the work was to: (1) assess the
serum concentrations of TGF-â1 and IGF-I
in patients with early stages of small cell lung
cancer (SCLC; 16 males), non-small cell
lung cancer (NSCLC; 13 males), and breast
cancer (15 premenopausal women); and (2)
determine correlations between TGF-â1 and
IGF-I in these patients.

TGF-â1 was determined by enzyme
linked immunosorbent assay (ELISA) and
IGF-Iwasestimatedbymeansofradioimmuno-
assay (RIA).

In patients with early stages of SCLC and
NSCLC, serum TGF-â1 concentrations
were significantly higher in comparison with
the control group (healthy subjects). IGF-I
concentrations in the patients did not diVer
significantly from the control group. Serum
TGF-â1 and IGF-I concentrations in pre-
menopausal patients with breast cancer did
not diVer significantly from those of healthy
women.

No interaction between mean TGF-â1
and IGF-I was shown in any of the studied
groups.

Abstract 8. Cloning and
characterisation of a longer fragment
containing a breakpoint downstream of
the IGF2 gene that is associated with
overexpression of IGF2 mRNA in
colorectal tumours
N BOUSSIF, D HODZIC, R WINKLER

Laboratory of Molecular Oncology, Department
of Pathology, University of Liege, Tour de
Pathologie B23, Sart Tilman, B-4000 Liege,
Belgium
The insulin-like growth factors (IGFs)
control cell proliferation, diVerentiation, and
death. IGF2 mRNA and peptide overexpres-
sion was associated with tumour progression
in diVerent experimental systems. We have
reported IGF2 mRNA overexpression in
30% of primary human colon cancers
(Lambert et al, Int J Cancer 1991;48:826–
30). The colon cancers contained increased
concentrations of the corresponding peptide
(Lambert et al, Int J Cancer 1991;48:826–30,
1991, Winkler et al, Horm Metabol Res
1999;31:148–54). Interestingly, in two
tumours overexpressing very high levels of
the transcript, the genes showed structural
alterations of their 3' region. A fragment
containing the breakpoint was cloned by
the vectorette PCR technique and character-
ised (Hodzic et al, Oncogene 1999;18:4710–
17).

Here, we report the isolation of a DNA
fragment containing the breakpoint from a
genomic library constructed from the DNA
of one of the tumours containing the
rearrangement. The library was screened
using a PCR based method described by
Israel et al, Nucleic Acids Res 1993;21:2627–
31. We isolated and characterised an 11 kb
hybrid fragment, containing 4 kb of the nor-
mal IGF2 gene and 7 kb of the new sequence
fused to the 3' region of the IGF2 gene. A
restriction map of the fragment was con-
structed. This fragment will be used to iden-
tify the origin of the new sequence and to
understand how and if it influences IGF2
gene expression.

Abstract 9. A Functional IGF-1
receptor–green fluorescent protein
chimaera to study kinase regulation by
tyrosine phosphatases
D BUCKLEY, P KIELY, C FENNELLY, G MURPHY, G

LOUGHRAN, R O’CONNOR

Cell Biology Laboratory, Department of Bio-
chemistry, Biosciences Research Institute, Na-
tional University of Ireland, Cork, Ireland
A chimaera of the insulin-like growth factor 1
receptor (IGF-1R) and green fluorescent
protein (GFP) has been engineered by fusing
GFP to the C-terminus of IGF-1R. Upon
transient or stable transfection into IGF-IR
null fibroblasts the IGF-1R–GFP protein
becomes localised to the plasma membrane,
becomes autophosphorylated in response to
IGF-1, and is capable of phosphorylating
endogenous substrates. Downstream signal-
ling molecules such as AKT and ERKs are
activated in response to this receptor at levels
comparable with wild-type IGF-IR. Immuno-
fluorescence with anti-phosphotyrosine anti-
bodies using TRITC for detection shows an
increase in cellular tyrosine phosphorylation
in response to IGF-1, some of which colocal-
ised with the IGF-IR–GFP.

We then used the IGF-IR–GFP to investi-
gate further the physiological importance of
negative regulators of IGF-1R kinase activity
that were identified in a Schizosaccharomyces
pombe yeast screen developed in our labora-
tory. We found that coexpression of the
protein tyrosine phosphatase PTP-1B (a
known negative regulator of insulin receptor
kinase activity) with the â-chain of IGF-1R
dramatically inhibits autophosphorylation
and abolishes IGF-1R kinase activity. IGF-1
stimulated Cos cells co-expressing IGF-1R–
GFP and PTP-1B have reduced tyrosine
phosphorylation on both IGF-IR–GFP and
cytoplasmic proteins, as detected by anti-
phosphotyrosine immunofluorescence.
These data indicate that IGF-IR–GFP is a
useful tool with which to analyse IGF-IR
function, and further demonstrate that
PTP-1B is a negative regulator of the
IGF-1R. This study also shows that a
fluorescence based assay can be used to study
potential negative regulators of the IGF-IR
kinase.

Abstract 10. IGF status is altered by
isoflavone supplementation in healthy
women
M J CAMPBELL

1, J V WOODSIDE
1, J W HONOUR

2, A J

C LEATHEM
1

1Department of Surgery, Royal Free and Univer-
sity College London Medical School, London,
W1W 7EJ, UK; 2Department of Chemical
Pathology, UCL Hospitals, London, W1P 6DB,
UK
Isoflavones are oestrogen-like plant com-
pounds that can act as anti-oestrogens and
may play a role in coronary heart disease and
breast cancer aetiology. Isoflavones may also,
like Tamoxifen, alter insulin-like growth
factor (IGF) status, thus potentially reducing
the risk of breast cancer.

The aim of this study was to assess the
eVect of one month of isoflavone supplemen-
tation (80 mg/day) on IGF status in healthy
premenopausal (n = 16) and postmenopau-
sal (n = 7) women in a randomised, placebo
controlled crossover study with a minimum
two month washout period. Fasting blood
samples were collected at baseline and at 28

days for the postmenopausal subjects, and at
baseline, day 1–3, day 6–8, day 12–15, day
21–23, and day 26–28 for the premenopausal
subjects to assess the eVects of the menstrual
cycle on IGF status. Concentrations of
IGF-1, IGF binding protein 1 (IGFBP-1),
and IGFBP-3 were measured by an enzyme
linked immunosorbent assay (ELISA) kit
from Diagnostic Systems Laboratories. For
postmenopausal subjects, IGF-1 and
IGFBP-3 concentrations were not aVected by
isoflavone supplementation. However,
IGFBP-1 concentrations were significantly
increased (mean, 44.3 (SE, 3.4) v mean,
54.7 (SE, 4.1) ng/ml; p < 0.05; baseline v
post-supplement). For premenopausal sub-
jects, there was a significant increase in both
IGF-1 over the menstrual cycle (mean, 169.6
(SE, 12.9) v 192.1 (SE, 12.6) ng/ml;
p < 0.05; baseline v post-supplement), and
IGFBP-3 concentrations (mean, 3116 (SE,
99) v 3319 (SE, 111) ng/ml; p< 0.05; day 1–3
v day 21–23) when subjects were on placebo,
whereas no significant increase was seen in
these subjects while on the isoflavone supple-
ment (IGF-1: mean, 198.4 (SE, 18.3) v
mean, 204.2 (SE, 11.5) ng/ml; p = NS;
IGFBP-3: mean, 3275 (SE, 157 v 3343 (SE,
112) ng/ml; p = NS; day 1–3 v day 21–23).

This study shows that one month of isofla-
vone supplementation can alter IGF status in
both premenopausal and postmenopausal
women, which may suggest a role for these
dietary compounds in breast cancer preven-
tion.

Abstract 11. IGF status is altered by
Tamoxifen in breast cancer patients
M J CAMPBELL, J V WOODSIDE, J SECKER-WALKER,
A TITCOMB, A J C LEATHEM

Department of Surgery, Royal Free and
University College London Medical School,
London, W1P 7LD, UK
Increased concentrations of insulin-like
growth factor 1 (IGF-1) have been found in
patients with breast cancer compared with
healthy controls, and healthy subjects with
high IGF-1 concentrations have been shown
to have an increased risk of developing breast
cancer. Tamoxifen is thought to reduce
IGF-1 concentrations initially and to increase
concentrations of its binding proteins.

The aim of this study was to compare
IGF-1, IGF binding protein 1 (IGFBP-1),
and IGFBP-3 concentrations in patients with
breast cancer (n = 7) and control subjects
(n = 14), and to assess the eVect of
Tamoxifen on IGF status in these patients.
Non-fasting blood samples were collected
from patients with breast cancer before
surgery and after at least five months of
Tamoxifen treatment, and from age matched
healthy control subjects. Concentrations of
IGF-1, IGFBP-1, and IGFBP-3 were
measured using an enzyme linked immuno-
sorbent assay (ELISA) kit from Diagnostic
Systems Laboratories. IGF-1 and IGFBP-3
were not significantly diVerent in cases and
controls. IGFBP-1 was significantly lower in
cases than in controls (mean, 9.39 (SE, 1.23)
v mean, 21.8 (SE, 5.5) ng/ml; p < 0.01).
Tamoxifen treatment had no significant eVect
on IGF-1 concentrations, but increased
IGFBP-1 (mean, 9.39 (SE, 1.23) v mean,
54.3 (SE, 26.3) ng/ml; p < 0.05; pre-
Tamoxifen v post-Tamoxifen) and IGFBP-3
concentrations (mean, 3139 (SE, 164) v
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mean, 3651 (SE, 196) ng/ml; p < 0.05; pre-
Tamoxifen v post-Tamoxifen).

This study shows that patients with breast
cancer have reduced concentrations of
IGFBP-1 compared with healthy control
subjects. It also shows that although
Tamoxifen had no eVect on IGF-1 concen-
trations, it can increase concentrations of
both IGFBP-1 and IGFBP-3, thus altering
the overall concentration of bioavailable
IGF-1 in the circulation. This may be another
mechanism whereby Tamoxifen exerts its
anticarcinogenic eVect in the secondary
prevention of breast cancer.

Abstract 12. IGF binding proteins:
independent regulators of cancer cell
growth—basic aspects and clinical
significance
P COHEN

Mattel’s Children’s Hospital at UCLA, Los
Angeles CA 90095, USA
Serum insulin-like growth factor binding
protein 3 (IGFBP-3) has been shown to be a
risk modulator for the development of pros-
tate, breast, and colon cancers. IGFBP-3 can
decrease cancer risk by counteracting the
eVects of IGF-I, but may also act directly on
cells. Multiple IGF independent actions of
IGFBPs on cancer cells have been identified
in recent years. These include growth inhibi-
tion, apoptosis, and the regulation of gene
expression. Evidence for cell surface recep-
tors for IGFBPs exists, but actual membrane
IGFBP receptors have yet to be cloned.
Interactions of IGFBPs with integrins and
matrix proteins are known to modulate cell
function and signal transduction through a
variety of pathways. IGFBPs also interact
directly with multiple extracellular molecules
with known growth regulatory functions
ranging from heparin to transferrin. To date,
it is entirely unknown how some IGFBPs
enter cells, yet several IGFBPs, including
IGFBP-2, IGFBP-3, and IGFBP-5 have
been detected intracellularly. Once inside the
cell, IGFBPs appear to be able to enter the
nucleus, compatible with the presence of a
nuclear localisation sequence (NLS) that
allows IGFBP-3 and IGFBP-5 to bind
â-importin, which serves as a nuclear shuttle.
Recently, the human papillomavirus onco-
protein E7 was found to bind IGFBP-3
intracellularly and to facilitate its proteo-
somal degradation, which leads to the loss of
its apoptotic functions and its nuclear locali-
sation. The roles of nuclear IGFBPs appear
to include transcriptional regulation of cell
cycle and apoptosis related genes. The main
nuclear receptor for IGFBP-3 appears to be
the retinoid receptor-X (RXR). Yeast two
hybrid experiments, co-immuno-
precipitation, GST pull down experiments,
ligand blots, and confocal microscopy con-
firm specific high aYnity binding of
IGFBP-3 to RXR in the nucleus. IGFBP-3
enhances RXR mediated signalling, but
inhibits the signalling of the RXR partners
RAR and PPAR. Furthermore, RXR knock-
out cells lose their response to IGFBP-3. In
cell line models of cancer, IGFBP-3 and
RXR ligands have additive eVects on the
induction of apoptosis. The roles of other
IGFBPs in the nucleus are under investiga-
tion. Together, these lines of research lead to
a clearer picture of IGFBPs as nuclear mol-
ecules, which probably serve as coactivators

and corepressors of traditional and/or or-
phan nuclear receptors. The importance of
these IGFBP functions in cancer, where
nuclear receptors play a key role, is being
evaluated.

Abstract 13. Serum IGFs and prostate
cancer
C CUTTING

1, K MEADOWS
2, J HOLLY

2,
A DALGLEISH

3, R KIRBY
1

1Department of Urology, St George’s Hospital,
London, UK; 2University Department of Surgery,
Bristol Royal Infirmary, Bristol, UK; 3Division of
Oncology, Department of Cellular and Molecular
Sciences, St George’s Hospital, London, UK
Insulin-like growth factor I (IGF-I) and
IGF-II are peptide hormones known to cause
cell proliferation and to inhibit apoptosis.
They have both been implicated in the devel-
opment of prostate cancer. A family of six
proteins, the IGF binding proteins
(IGFBPs), tightly bind to IGF-I and II.
IGFBP-3 binds to 95% of circulating IGF-I
and IGF-II, controlling the levels maintained
in the circulation. It is thought that while the
IGFs promote prostate cell growth, the
IGFBPs inhibit it. Interestingly, prostate spe-
cific antigen (PSA), a marker for prostate
cancer, is also known to be a specific
IGFBP-3 protease. Recent studies have
shown that serum IGF-I may be raised in
patients with prostate cancer. The objective
of this study was to investigate whether serum
concentrations of IGF-I, IGF-II, and
IGFBP-3 are diVerent in patients found to
have prostate cancer compared with those
with no evidence of cancer following prostate
biopsies.

One hundred and two consecutive patients
with suspected prostate cancer as a result of
either a raised PSA (> 4 ng/ml) or an abnor-
mal digital rectal examination went on to
have transrectal ultrasound guided prostate
biopsies. Before the biopsies, blood samples
were taken for analysis of IGF-I, IGF-II,
IGFBP-3, and PSA. The biopsies were
examined to distinguish those with prostate
cancer from those with no evidence of malig-
nancy.

Sixty three (61.7%) patients had no
evidence of malignancy (mean age, 67.2;
range, 47–87 years), and 39 (38.2%) were
found to have prostate cancer (mean age,
72.6; range, 53–91 years). Table 1 shows the
results of the IGF-II, IGF-II, IGFBP-3, and
PSA analyses in relation to the presence or
absence of cancer in these patients.

Thus, serum concentrations of IGF-I and
IGF-II were significantly raised in patients
found to have prostate cancer compared with
those with no evidence of prostate cancer. It
was also found that IGFBP-3 was raised in
those found to have prostate cancer.

Abstract 14. IGFs and IGFBP-3 and
IGFBP-5 in germ cells, carcinoma in
situ (CIS), and seminoma of the human
testis
B DRESCHER

1, H LAUKE
1, W ZUMKELLER

2

1Department of Anatomy, University Hospital
Eppendorf, Hamburg, Germany; 2Department of
Pediatrics, Martin-Luther-University Halle-
Wittenberg, Halle, Germany
Seminomas are common malignant germ cell
tumours in men aged between 30 and 50
years. Current knowledge supposes carci-
noma in situ (CIS) of the testis to be the pre-
cursor of both seminomas and non-
seminomas.

Insulin-like growth factor I (IGF-I) and
IGF-II and their binding proteins: IGFBPs
1–6, a highly conserved family of proteins
that bind IGFs with great aYnity, are known
to play an important role in the growth and
diVerentiation of many tissues and probably
in the promotion of cancer development.
The aim of this study was to investigate
whether IGF-I, IGF-II, and some of their
binding proteins have any relevance in the
development of testicular germ cell
tumours.

Therefore, the pattern of IGF-I, IGF-II,
and IGFBP-3 and IGFBP-5 expression in
normal testicular tissue, early tumour stages
(CIS and early invasive interstitial tumour
cells (ITCs)), and solid seminomas of the
human testis was investigated by means of
enzyme immunohistochemistry.

IGF-I immunoreactivity was found in a
proportion of the spermatogonia: approxi-
mately 50% of all CIS and ITC cells and in
60% of seminoma cells. Four of 20 cases
lacked IGF-I immunoreactivity in tumour
cells.

IGF-II immunoreactivity was not found in
spermatogonia (weak immunostaining was
detectable in some spermatocytes and sper-
matids). CIS cells were also negative for
IGF-II. Weak IGF immunoreactivity could
be seen one of 13 cases of ITC. In 12 of 20
cases a weak positive staining for IGF-II was
found in seminoma cells.

IGFBP-3 was detected in part of the nuclei
of spermatogonia, nuclei and cytoplasm of
spermatocytes and spermatids, and in part of
the cytoplasm and very few nuclei of the CIS
cells (weak staining). It could not be detected
in ITC, but was found in 11 of 20 cases in
seminoma cells (only in the periphery of the
tumour nodes).

IGFBP-5 immunoreactivity was found in
the cytoplasm and 20% of the nuclei of sper-
matogonia, the cytoplasm of spermatocytes,
and the cytoplasm and 10% of the nuclei of
spermatids. Strong immunostaining was de-
tected in all CIS cells (mostly cytoplasmic)
and ITC (mostly cytoplasmatic). IGFBP-5
was found in the cytoplasm of 70% of
seminoma cells.

In conclusion, IGF-I immunoreactivity is
found in normal germ cells as well as tumour

Table 1 Abstract 13. IGF-I, IGF-II, IGFBP-3, and PSA values in patients with and without
cancer

Values (ng/ml) No cancer Cancer
Logistic regression
accounting for age

Mean PSA (SD; range) 8.2 (9.5; 0.1–60.7) 100.9 (268.9; 1.6–1630) p < 0.001
Mean IGF-1 (SD; range) 120.8 (39.6; 53–217) 135.0 (43.4; 61–245) p = 0.025
Mean IGF-II (SD; range) 722.2 (193.3; 297–1136) 798.6 (230.6; 462–1563) p = 0.049
Mean IGFBP-3 (SD; range) 4.97 (1.49; 1.9–9.3) 5.54 (1.75; 3.7–12.8) p = 0.026

IGF, insulin-like growth factor; IGFBP, insulin-like growth factor binding protein; PSA, prostate specific
antigen.
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cells. In contrast, IGF-II can only be detected
in cells of solid seminoma and never in CIS
cells. This could indicate that IGF-II plays a
role in the development of solid germ cell
tumours, which is not required in early
tumour stages. IGFBP-3 and IGFBP-5 are
found both in normal germ cells and tumour
cells of all stages, although the quality of this
reaction changes. In normal cells nuclei and
(partly) cytoplasm are stained, whereas in
tumour cells immunoreactivity is found only
in the cytoplasm and not in the nuclei. The
relevance of these findings is still unclear but
it is likely that the IGF/IGFBP system plays a
role in the development of testicular germ cell
tumours. However, further speculations
about the (patho-)physiological role of these
findings cannot be made by means of immu-
nohistochemistry. Functional studies to in-
vestigate these findings are required.

Abstract 15. Signal transduction of
IGFBP-2 through integrins possibly
aVects survival and metastasis of
tumours
M W ELMLINGER, M LANGKAMP, B SCHÜTT, M B

RANKE

Childrens’ Hospital, University Tuebingen, Ger-
many
Recently, it has become apparent that the
insulin-like growth factor binding protein 2
(IGFBP-2) plays a role in the tumorigenesis
and growth of human tumours. In addition to
direct eVects on the biological actions of the
IGFs, IGF independent actions through
binding to cell surface integrins via the RGD
amino acid motif were expected, as has been
shown for IGFBP-1.

Hence, we studied the cellular binding and
signalling of IGFBP-2, and its eVects on cell
attachment and proliferation in a Ewing sar-
coma (A673) cell line expressing high
amounts of IGFBP-2 and a breast cancer cell
line (Hs578T) expressing no IGFBP-2.
125I-IGFBP-2 bound to both cell lines and
binding was competed for by IGFBP-1 and
synthetic RGD peptide, but not by other
IGFBPs or RGE peptide. Binding of
IGFBP-2 was found to be specific to the á5â1
integrin, whose presence was confirmed by
immunblot and flow cytometry. Further-
more, binding induced significant dephos-
phorylation (up to 40%) of the focal adhesion
kinase (FAK), an important protein of the
intracellular signalling of the integrin. Be-
cause we detected IGFBP-2 dependent
alterations in growth and cell adhesion of the
tumour cells, IGFBP-2 may play a role in the
survival and dissemination of these tumours.
Most probably, IGF independent actions of
IGFBP-2 through integrin signalling are
involved in these processes.

Abstract 16. Analysis of IGF-I and
IGF-II analogue binding to the type 1
receptor and correlation to ability to
inhibit apoptosis
B E FORBES

1, P J HARTFIELD
2, K SURINYA

1, K A

MCNEIL
1, J C WALLACE

1
S J MILNER

3, G L FRANCIS
3,

F OCCIODORO
4, L J COSGROVE

4

1Department of Biochemistry, University of
Adelaide, South Australia, 5005; 2School of
Biomedical Sciences, University of Newcastle,
Callaghan, NSW 2308, Australia; 3GroPep Pty
Ltd, PO Box 10065, Gouger Street, Adelaide

5000, Australia; 4CSIRO Division of Health
Sciences and Nutrition, Adelaide 5000, Aus-
tralia
Insulin-like growth factors (IGFs) play an
important role in the development of cancers
because they promote survival by activating
anti-apoptotic signalling pathways as a result
of binding type 1 receptors. In this study, we
have compared binding of IGF-I , IGF-II,
and various IGF analogues to a recombinant
high aYnity type 1 receptor following BI-
Acore analysis. The IGF-I analogues have
been designed either with mutated residues
that result in lower binding aYnities for the
type 1 receptor or IGF binding proteins
(IGFBPs). Concurrent investigations evalu-
ated the eVects of IGFs and the analogues in
the PC12 cell model of serum deprivation
induced apoptosis. Levels of apoptosis were
quantitated by counting the number of
condensed or fragmented Hoechst 33258
stained nuclei. IGF-I at 1 nM completely
prevented apoptosis in PC12 cells. Overall,
these studies support the conclusion that type
1 receptor binding aYnity correlates directly
with the ability of these analogues to prevent
serum deprivation induced PC12 cell apop-
tosis.

Abstract 17. IGFs protect human colon
carcinoma cells from IFN-ã/TNF-á
induced apoptosis independently of
cell–matrix and cell–cell interactions via
NF-êB activation
F GARROUSTE, M REMACLE-BONNET, J LUIS, G

POMMIER

UPRESA CNRS 6032, Faculté de Médecine,
Université de la Méditerranée, Marseille, France
We recently reported that insulin-like growth
factors (IGFs) and insulin conferred to
HT29-D4 human colon cancer cells an
almost complete resistance to apoptosis
induced by tumour necrosis factor á
(TNF-á) after sensitisation of the cells by
interferon ã (IFN-ã) or a combination of
anti-Fas antibody and TNF-á.

Here, we investigate the ability of des-(1-
3)-IGF-I (dIGF) to protect HT29-D4 cells
from IFN-ã/TNF-á induced apoptosis in the
absence of cell–extracellular matrix (ECM)
and cell–cell interactions. For this purpose,
the cells were seeded in serum free medium
on plates coated with poly-L-lysine (PLL),
the polycationic nature of which prevents
integrin engagement, and polyhydroxyethyl-
methacrylate (polyHEMA), which denies
cells attachment to ECM. In addition,
function blocking antibodies were added to
the cell cultures, either a mixture of mono-
clonal antibodies against áv, á6, and â1
integrin subunits, which recover the pattern
of HT29-D4 cell expressed integrins, or the
MB2 anti-E-cadherin monoclonal antibody.
Under all these culture conditions, cells
remained sensitive to apoptosis induced by
IFN-ã/TNF-á, and dIGF continued to pro-
tect the cells from death. Thus, IGFs can
mediate an anti-apoptotic eVect totally inde-
pendently of integrin and E-cadherin medi-
ated signalling.

We have confirmed the activation by dIGF
of several of the previously reported signalling
events, especially tyrosine phosphorylation of
IRS-1 and activation of phosphatidylinositol
3-kinase (PI3-K)/AKT, and p38 and ERK
mitogen activated protein kinase (MAP)
pathways. However, inhibitors of PI3-K

(LY294002 and wortmannin), p38
(SB203580), and MEK/ERK (PD098059)
had no eVect on the dIGF mediated anti-
apoptotic eVect. Moreover, dIGF was able to
suppress apoptosis regardless of whether it
potentiated tyrosine phosphorylation of FAK
(a major transducer of integrin mediated sur-
vival), as in ECM adherent cells, or not, as in
anchorage independent cells. Thus, IGFs do
not use these canonical survival pathways to
convey the anti-apoptotic signalling in co-
lonic cancer cells.

In contrast, pharmacological agents inhib-
iting the NF-êB pathway were able to reverse
the dIGF anti-apoptotic eVect totally. These
agents included inhibitors of the phosphor-
ylation (BAY11–7082; aspirin) and degrada-
tion (lactacystin) of IêB, and NF-êB transac-
tivation (triptolide). Accordingly, dIGF
strongly potentiated TNF-á induced pro-
duction of interleukin 8 (IL-8), a proinflam-
matory chemokine, which requires activation
of NF-êB for its expression. Thus, we
conclude that the potentiation of TNF-á
induced NF-êB dependent survival/
inflammatory signalling constitutes the
major pathway through which IGFs prevent
the destruction of colonic cancer cells by
death factors, such as those of the TNF
superfamily. dIGF did not increase nuclear
levels of NF-êB in TNF-á stimulated cells
even though NF-êB dependent IL-8 produc-
tion was greatly increased. This suggests that
dIGF might act by regulating the transcrip-
tional activity of NF-êB either by enhancing
its phosphorylation by a yet unknown kinase
and/or its association with a cofactor in the
nucleus.

These findings may have important bio-
logical and clinical implications. Alterations
of IGF-II bioavailability have been described
in colon cancer cells in relation to the plasmin
mediated proteolysis of IGFBPs. It follows
that upregulation of bioavailable IGF-II by
increasing resistance to cytokine induced
apoptosis in the colon cancer cells, and espe-
cially in those that detach from ECM in the
process of metastasis, should contribute to
the limited eYciency of both immune and
conventional anticancer treatments. Thus,
the IGF axis may constitute a novel attractive
therapeutic target to improve the cell death
inducing weapons that the immune system
uses for combating cancer.

Abstract 18. Overexpression of IGFBP-2
enhances the tumorigenic potential in
adrenocortical tumour cells:
identification of target genes
A HOEFLICH

1, O FETTSCHER
2, H LAHM

1, E WOLF
1,

M M WEBER
2

1Institute of Molecular Animal Breeding, Gene
Center, Munich, Germany; 2 Laboratory of
Endocrine Research, Köln, Germany
Under normal conditions, insulin-like
growth factor binding protein 2 (IGFBP-2)
is a negative growth factor (Hoeflich et al.
Endocrinology 1999;140;5488–96), which
probably acts by interfering with the binding
of IGF to its receptor. Such negative
interference had been described in IGF
dependent 293 cells and in various IGF
dependent colon carcinoma cells Höflich, et
al. FEBS Lett 1998;434:329–34). IGFBP-2
in these cell systems resulted in an inhibition
of cell proliferation, which could be
completely compensated for by the addition
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of exogenous IGF-I or IGF-II. However, it is
known from various malignant cellular
systems that IGFBP-2 is upregulated at the
mRNA and protein level (for example,
adrenocortical tumours). Moreover, it has
been shown that IGFBP-2 serum concentra-
tions correlate positively with the malignant
features of these tumours. To investigate the
consequences of enhanced IGFBP-2 expres-
sion we have produced stable IGFBP-2
overexpressing clones of adrenocortical
tumour cells (Y-1 cells). Interestingly, over-
expression of IGFBP-2 in Y-1 tumour cells
resulted in a dramatic increase of malignant
growth and an altered cellular morphology
by IGF independent mechanisms (Hoeflich,
et al. Cancer Res 2000;60:834–8). Here we
have used our IGFBP-2 overexpression
models (transfected Y-1 and 293 clones) to
search for genes regulated by IGFBP-2 and
investigated whether these genes might
represent potential targets responsible for
aberrant cell proliferation within multistep
events of tumour development and growth.
Screens were performed using cDNA arrays
followed by RT-real time PCR quantification
of candidate gene expression relative to the
expression of housekeeping genes using
SybrGreenTM as the fluorescent dye. Genes
induced in both models encode proliferation
associated proteins, tumour markers, and
genes potentially involved in stress adaption
or multidrug resistance syndrome. The
results thus clearly support the concept of
IGFBP-2 as a malignant cofactor. As one of
the genes induced by IGFBP-2 overexpres-
sion, glutathione S-transferase (GST) dis-
played a strong induction of gene expression
in both models. Inhibition of GST by use of
its specific inhibitor ethacrynic acid in
micromolar concentrations led to absolute
cellular mortality after five days of incuba-
tion. Moreover, coincubation of ethacrynic
acid and glutathione in its reduced form
enhanced the cytotoxic eVect of ethacrynic
acid, suggesting specificity of the cytotoxic
eVect. We conclude that GST is indispensi-
ble for Y-1 tumour cells and current eVorts
are directed to the question of whether
enhanced GST concentrations might lead to
aberrant cell proliferation by conferring
resistance to oxidative or toxic stress. From
the general pattern of genes induced in two
independent models of IGFBP-2 overex-
pression we conclude that, despite its
negative function in IGF dependent growth,
IGFBP-2 may be a malignant cofactor that
can induce distinct proliferation associated
and/or stress adaptive genes.

Abstract 19. Potential mechanism for
IGFBP-3 induced apoptosis in an
oesophageal carcinoma cell line
A D HOLLOWOOD, C E H STEWART, C M PERKS, D

ALDERSON, J M P HOLLY

University Department of Surgery, Bristol Royal
Infirmary, Bristol, BS2 8HW, UK
In addition to modulating insulin-like
growth factor (IGF) action, IGF binding
protein 3 (IGFBP-3) has been shown to
exert IGF independent actions and to
participate actively in apoptotic pathways.
While it has been shown that IGFBP-3 can
independently induce apoptosis in certain
cell lines, we have shown IGFBP-3 to
enhance inducers of apoptosis in the
Hs587T breast carcinoma cell line and in the
KYSE 190 oesophageal carcinoma cell line.

Because the other high aYnity IGFBPs do
not elicit these eVects in these cell lines, it is
hypothesised that the variable mid region of
IGFBP-3 and, in particular, the serine
residues may be important in eliciting the
specific eVects of IGFBP-3. The aim of this
study was therefore to examine whether the
variable mid region of IGFBP-3 was respon-
sible for its independent eVects on enhancing
apoptosis in cancer. IGFBP-3 was pre-
incubated with ABESF (serine protease
inhibitor) or phosphorylated with casein
kinase II. The KYSE 190 cell line, plated at
5 × 105 cells/well, was transferred to serum
free medium for 24 hours before dosing with
either IGFBP-3, IGFBP-3–ABESF com-
plex, or phosphorylated IGFBP-3 for a
further 24 hours. The conditioned medium
was removed and the cells washed with
phosphate buVered saline (PBS). The cells
were triggered to cell death with 10 J/m2 UV
irradiation. Serum free media was replaced
for a further 24 hours and cell death
measured by trypan blue exclusion. Apopto-
sis was confirmed by the presence of a
pre-G1 peak on flow cytometry. IGFBP-3
alone had no eVect on cell death over 24 or
48 hours, but significantly enhanced UV
induced cell death by 23% (p = 0.03) at 24
hours. Pre-incubation with either IGFBP-3–
ABESF or phosphorylated IGFBP-3 ne-
gated its enhancing eVects on UV induced
cell death. To confirm the specificity of these
eVects cells were incubated with a 15 amino
acid peptide spanning the serine residues of
the mid terminal, and this peptide, like intact
IGFBP-3, was again capable of enhancing
UV induced apoptosis. Manipulation of the
serine sites within the variable mid region of
IGFBP-3 indicates that the phosphoserine
residues are crucial for its apoptotic action,
and confirm the fundamental IGF independ-
ent, pro-apoptotic eVects of IGFBP-3 in
cancer.

Abstract 20. The IGF receptor I in
human B cell malignancies
D F JELINEK, B K ARENDT, T E WITZIG, R C

TSCHUMPER, K G HOWELL, S M ANSELL, N E KAY

Department of Immunology, Mayo Graduate
and Medical Schools, Mayo Clinic, Rochester,
Minnesota 55905, USA
Multiple myeloma (MM) and B cell chronic
lymphocytic leukemia (B-CLL) are two types
of human B lymphocyte malignancy.
Whereas MM is characterised by the accu-
mulation of malignant plasma cells that
maintain proliferative potential, B-CLL is
characterised by the accumulation of CD5
expressing B cells that exhibit a low prolifera-
tive rate but high levels of apoptosis resist-
ance. Because the type I insulin-like growth
factor receptor (IGF-IR) is often overex-
pressed in human malignancies and plays key
roles in both growth control and apoptotic
resistance of tumour cells, we began a coordi-
nated study of the role of this receptor in both
of these diseases. With respect to MM,
although interleukin 6 (IL-6) has been iden-
tified as a major growth factor in this disease,
the precise mechanism by which IL-6 stimu-
lates MM cell proliferation remains un-
known. We have demonstrated that IGF-I
may play a key role in IL-6 mediated MM cell
growth. Thus, we have observed that IGF-I
alone may stimulate MM cell growth as well
as significantly augment IL-6 stimulated cell
growth. These results suggest that the IGF

response is a crucial component of IL-6
driven growth of myeloma cells. In an exten-
sion of this work, we have also assessed
IGF-IR levels on our panel of IL-6 dependent
MM cell lines, normal human B cells and
plasmablasts, and freshly isolated plasma
cells from patients with monoclonal gam-
mopathies. Normal B cells and plasmablasts
did not express detectable levels of IGF-IR as
determined by flow cytometry. By contrast,
each of five IL-6 dependent MM cell lines
expressed greatly raised levels of the receptor.
To determine whether this receptor was also
overexpressed on fresh patient plasma cells,
we used three colour flow cytometric analysis
to assess IGF-IR levels (using the áIR3
monoclonal antibody) on CD38 high and
CD45 low plasma cells. Our results indicate
that myeloma cells express IGF-IR levels that
are significantly higher than is found on
plasma cells from patients with monoclonal
gammopathy of undetermined significance.
With respect to B-CLL, although peripheral
blood leukaemic cells are typically all found
in the G0 phase of the cell cycle, they are
highly resistant to undergoing apoptosis, sug-
gesting that although the IGF-IR may not
transmit a proliferative signal in this disease,
it may impact on cell survival. Indeed, in pre-
liminary studies using flow cytometric analy-
sis and RNAse protection assays, we have
observed that the IGF-IR is overexpressed in
the leukaemic clone in the vast majority of the
B-CLL samples that we have tested. EVorts
are currently under way to dissect further the
role of this important receptor in the biology
of this disease. Because IGF-IR gene expres-
sion is tightly regulated in normal cells, our
results demonstrating the deregulation of
IGF-IR expression in both myeloma and
B-CLL cells suggest a pivotal role for this
receptor in the biology of both of these B cell
malignancies, as well as the progression of
disease.

Abstract 21. IGF-I and IGFBP-3 in
benign prostatic hyperplasia and
prostate cancer
J KHOSRAVI

Diagnostic Systems Laboratories, Toronto, On-
tario, Canada and Department of Laboratory
Medicine and Pathobiology,Faculty of Medicine,
University of Toronto, Toronto, Ontario, Canada
In view of evidence indicating significant
involvement of the insulin-like growth factor
(IGF) system in the pathogenesis of prostate
cancer, we measured serum IGF-I and IGF
binding protein 3 (IGFBP-3) in men with
benign prostatic hyperplasia (BPH; n = 75)
or prostatic carcinoma (CaP; n = 84). The
age matched patient populations were se-
lected to have circulating prostate specific
antigen (PSA), the most reliable predictor of
CaP, in the overlapping diagnostic “grey
zone” range of ∼ 4–10 µg/litre. Of particular
interest was investigation of intact, fragment,
and total IGFBP-3 values in relation to PSA,
which is also a well established IGFBP-3
protease. Among the key findings were
significantly higher IGF-I and intact
IGFBP-3 concentrations in CaP compared
with BPH (p < 0.001), whereas changes in
fragment and total IGFBP-3 were not
significant. As expected, total PSA values
were similar in the two groups of patients
(p = 0.173), whereas free PSA values were
significantly lower in those with CaP
(p < 0.001). IGF-I and IGFBP-3 (intact and
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total) correlated significantly (p = 0.024 to
< 0.001) and inversely (r = −0.26 to −0.35)
with free PSA in BPH but not in CaP, and no
correlations were found in comparisons
involving total PSA. Statistical analysis of the
various markers and their combinations
indicated superior performance of IGF-I/
free PSA (ROC area under the curve;
AUC = 0.728) and intact IGFBP-3/free
PSA (AUC = 0.737) ratios in discriminating
between BPH and CaP compared with the
currently used free/total PSA ratio
(AUC = 0.689). Multivariate logistic
regression models confirmed the observed
relations and identified IGF-I/free PSA and
intact IGFBP-3/free PSA as independent
factors in predicting the presence of CaP. We
conclude that increases in IGF-I and intact
IGFBP-3 values are positively associated
with the presence of CaP in patients with low
to moderately raised PSA, and that their
measurements in relation to PSA may help
improve diagnostic discrimination between
BPH and prostate cancer.

Abstract 22. IGFBPs in rare tumours of
the ovary in childhood
U KRAUSE

1, C ABELS
2, H J HOLZHAUSEN

1, S

BURDACH
2, W ZUMKELLER

2

1Institute for Pathology and 2Department of Pedi-
atrics, University Hospital, Halle, Germany
Germ cell tumours and tumours of the
gonads comprise only 3.2% of these rare solid
tumours in childhood. The prediction of the
course of these neoplasms is very diYcult
because of the absence of a reliable prognos-
tic marker. A prognostic eVect of the analysis
of insulin-like growth factor binding proteins
(IGFBPs) of cystic fluid was shown in ovarian
tumours from adult women. Therefore,
because it might be of value to investigate the
presence and distribution of IGFBPs in some
rare tumours of the ovary in childhood, we
undertook such a study.

Representative blocks of paraYn wax
embedded, formalin fixed tumour tissue from
a sex cord stromal tumour with annular
tubules (SCTAT), a juvenile granulosa cell
tumour (JGCT), a dysgerminoma (DG), and
a gonadoblastoma (GB) occurring in the
ovaries of infants were studied with rabbit
polyclonal antibodies against IGFBPs 1–6.
Immunohistochemistry was performed using
the avidin–biotin complex method with 3,3'
diaminobenzidine as dye and under specific
pretreatments. Material from carcinomas in
situ of the testis was used as control tissue.
The expression of IGFBPs was estimated
semiquantitatively and the localisation of the
immunoreaction was studied.

All tumours expressed the IGFBPs 2–6 in
a various diVuse cytoplasmatic staining pat-
tern. IGFBP-1 was found only in a distinct
dot-like pattern in JGCT. This cytoplasmatic
dot-like expression could also be seen with an
anti-IGFBP-3 antibody in DG and SCTAT.
In addition, a dot-like expression was de-
tected with an anti-IGFBP-5 antibody in
JGCT. Nuclear expression of the IGFBPs
was seen in the diVerent tumours. In addition
to the expected nuclear staining with anti-
IGFBP-3 and anti-IGFBP-5 antibodies, we
also found some tumours with nuclear
expression of IGFBP-1, IGFBP-4, and
IGFBP-6.

In conclusion, SCTAT, JGCT, DG, and
GB express IGFBPs in various patterns.
These diVerences suggest that the expression

of IGFBPs could be used as a diagnostic tool.
It is tempting to speculate about the potential
prognostic importance of IGFBP accumula-
tion, but further investigations with a higher
number of these tumours and also examining
the clinical data are necessary to establish the
role of IGFBPs in prognosis. The unusual
cytoplasmatic dot-like pattern of IGFBP
expression will be a challenging field for pro-
spective morphological investigations.

Abstract 23. Transient activation of JNK
kinases is required for suppression of
apoptosis by the IGF-I receptor
D KRAUSE, A LYONS, R O’CONNOR

Cell Biology Laboratory, Department of Bio-
chemistry and Biosciences Research Institute,
National University of Ireland, Cork, Ireland
The insulin-like growth factor receptor
(IGF-1R) activated by its ligands IGF-I or
IGF-II mediates suppression of apoptosis,
which is crucial for tumorigenesis and the
survival of many tumour types. Several
signalling pathways can be activated by the
IGF-1R that lead to the suppression of
apoptosis, in diVerent cell types, including
those mediated by phosphatidylinositol 3-
kinase (PI-3 kinase), AKT, mitogen activated
protein kinase (MAP) kinase pathways, and
phosphorylation of the Bcl-2 family member
Bad. Previous results from a mutational
analysis of the receptor indicated that
PI-3kinase independent antiapoptotic sig-
nals could be propagated from the IGF-IR in
lymphocytic cells and fibroblasts. Therefore,
we investigated signalling pathways activated
or regulated by particular regions of the
IGF-IR that may be uniquely involved in the
suppression of apoptosis and transforma-
tion. In particular, we investigated the role of
the stress activated protein kinase pathways
(SAPK)/Jun N-terminal kinase (JNKs) and
the p38 MAP kinase pathways. JNK and p38
activation can be regulated by IGF-I
stimulation of diVerent cell types, but a role
for these proteins in IGF-IR mediated antia-
poptotic or transformation activity is not
known.

The interleukin 3 (IL-3) dependent
FL5.12 lymphocytic cells that overexpress
the wild-type IGF-IR (WT), which we have
previously shown to be protected from IL-3
withdrawal by IGF-I, was used as a model
system to measure IGF-I mediated activation
of JNK and p38 pathways. We found that
IGF-I stimulation of WT cells induced tran-
sient activation of JNK and led to robust
phosphorylation of c-Jun. p38 activity was
not altered in response to IGF-I. Activation
of the JNK pathway occurred in the presence
of PI-3 kinase inhibitors and was enhanced
by anisomycin treatment. The quinone re-
ductase inhibitor, dicoumarol, at concentra-
tions that specifically inhibited JNK activa-
tion but not activation of PI-3 kinase or AKT,
completely abrogated IGF-1 mediated sup-
pression of apoptosis, but not IL-3 mediated
survival of WT cells. Analysis of a series of
IGF-IR mutants in these cells demonstrated
that activation of JNK did not require the
C-terminus of the receptor. These results
indicate that JNK activation leading to c-Jun
phsophorylation is necessary for the suppres-
sion of apoptosis by the IGF-1R.

Abstract 24. EVect of all-trans retinoic
acid on the expression of IGF-1, IGF-1R
and IGFBP-3 in pancreatic tumour cell
lines
D KUBIS

1, J EYER
1, A SPENS

2, S LEDER
1, T DANSRAN-

JAVIN
1, A BERNSTEIN

3, C GRAF VON MATUSCHKA
1, H

DRALLE
1, C HOANG-VU

1

1Klinik für Allgemeinchirurgie, 2Klinik für Innere
Medizin II, and 3Klinik für Orthopädie,Martin-
Luther-University Halle-Wittenberg, Halle, Ger-
many
Pancreatic cancer is a rapid progressive
disease with a mortality of approximately
99%. The pathway downstream of p53
involves this important tumour suppressor
gene in insulin-like growth factor 1 (IGF-1)
receptor (IGF1-R) bioactivity, either via
direct regulation of IGF-1R levels, or modu-
lation of IGFs via transactivation of the IGF
binding proteins (IGFBPs). The IGF-1R is a
350 kDa glycoprotein. The cytoplasmic pro-
tein tyrosine kinase is activated by ligand
binding to the extracellular domains of the
receptor. Its ligand, IGF-1, a 70 amino acid
peptide, is an important mediator involved in
the signal transduction pathway of human
growth hormone. IGF-1 bioavailability is
downregulated by specific IGFBPs, especially
IGFBP-3. Overexpression of IGF-1R or its
ligand IGF-1 is frequently associated with
abnormal growth, cellular transformation,
and inhibition of apoptosis in tumour cells.
Retinoic acid (RA) is an agent with well char-
acterised diVerentiation inducing properties.
The aim of this study was to analyse the eVect
of all-trans RA on the expression of IGF-1,
IGF-1R, and IGFBP-3 in three pancreatic
tumour cell lines.
PA-TU 8902 cells were established from pri-
mary ductal pancreatic adenocarcinoma
(grade II), CAPAN-1 cells from the liver
metastasis of a pancreatic ductal adenocarci-
noma, and HUP-T3 cells from the malignant
ascites of poorly diVerentiated adenocarci-
noma. Confluent cells were stimulated either
with solvent or with 1 µM RA for 24, 48, and
72 hours. The expression of IGF-1, IGF-1R,
and IGFBP-3 mRNA was analysed by
reverse transcription polymerase chain reac-
tion (RT-PCR) using specific primers. IGF-1:
sense 5'-ATC CTT CTC TCC TCA TTC
TTC-3', antisense 5'-GAT ACA CAG ACA
CAG ATA AAA G-3'; IGF1-R: sense 5'-TCC
ACA TCC TGC TCA TCT CC-3', anti-
sense 5'-AGA AGT CAC GGT CCA CAC
AG-3'; and IGFBP-3: sense 5'-TCA GAG
CAC AGA TAC CCA G-3', antisense
5'-ACA GCC GCC TAA GTC AC-3'. Com-
mercially available antibodies were used for
western blotting analysis.

RA induced increased mRNA expression
of IGF-1 and IGFBP-3 in HUP-T3 cells.
IGF-1 transcripts were more highly ex-
pressed after RA treatment for 24 and 72
hours in CAPAN-1 cells when compared
with the control. No change in IGF-1 mRNA
values could be detected in PATU 8902 cells.
No diVerence in mRNA expression of
IGF-1R and IGFBP-3 after RA treatment
could be found in CAPAN-1 and PA-TU
8902 cells. Western blotting analyses con-
firmed these RT-PCR results. Our data
showed that IGF-1, IGF-1R, and IGFBP-3
were variably expressed in pancreatic cell
lines. RA has a clear eVect on the poorly dif-
ferentiated cell line HUP-T3.

Our findings suggest that all-trans retinoic
acid induces the increased expression of
IGF-1 and IGFBP-3 in a poorly diVerenti-
ated pancreatic carcinoma cell line. The
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biological relevance of RA induced IGF-1/
IGF-BP3 expression has yet to be clarified.

Supported in parts by Land Sachsen-Anhalt and by
the Pinguin-Stiftung, Düsseldorf.

Abstract 25. IGFBP-2 induced
intracellular signalling
M LANGKAMP, M W ELMLINGER, B S SCHÜTT, U

RAUSCHNABEL, M B RANKE

University Children’s Hospital, Tübingen, Ger-
many
Integrins are transmembrane glycoproteins
that exist as heterodimeric complexes of non-
covalently associated á and â subunits. We
demonstrated specific binding of insulin-like
growth factor binding protein 2 (IGFBP-2)
to á5â1 integrin. Therefore, the influence of
IGFBP-2 binding on integrin signalling was
investigated.

An important protein of the integrin
signalling pathway is the focal adhesion
kinase (FAK), the phosphorylation status of
which reflects signals transduced by á5â1

integrin. We established a procedure to
measure the FAK phosphorylation level using
immunoprecipitation of FAK and investi-
gated the phophorylation of FAK in relation
to IGFBP-2 concentrations and depletion by
anti-IGFBP-2 antibodies in two adhesive
tumour cell lines: Ewing sarcoma A673 cells
and breast tumour Hs578T cells. The
influence of IGFBP-2 on cellular prolifera-
tion and cell detachment was measured.

IGFBP-2 induced the dephosphorylation
of FAK in the Ewing sarcoma (reduced by
30%) and the breast tumour cell lines
(reduced by 40%). Dependent on IGFBP-2
concentrations, proliferation is reduced
(10%) and the number of detached cells
increased (31%).
The results demonstrate that IGFBP-2 is able
to induce an intracellular signal that results in
reduced cell proliferation. These results agree
with the hypothesis that IGFBP-2 plays a role
in the biology of solid tumours.

Abstract 26. Quo vadis childhood
diabetes!
Z LARON

Pediatric Endocrinology and Diabetes Research
Unit, Schneider Children’s Medical Center, Tel
Aviv University, Israel and WHO Collaborating
Center for the Study of Diabetes in Youth
Both type I and type II diabetes mellitus
(DM) are found in childhood. Type I is the
more frequent and more serious form be-
tween birth and the end of puberty. It is an
organ specific autoimmune disease that
progressively destroys the pancreatic â-cells
until metabolic decompensation masks the
clinical disease. Type I DM requires lifelong
insulin replacement treatment, and even
good metabolic control (achieved in a minor-
ity of patients) can only postpone or amnelio-
rate, but not prevent, the late vascular
complications. The aetiology of type I DM is
a combination of genetic and environmental
factors, the latter being blamed for the fast
and progressive increase in the incidence of
type I DM in aZuent countries in the past
decades. Specific and sensitive immunologi-
cal methods enable the detection of the
autoimmune process in subjects with a high
genetic risk (family members). Immunosup-
pressive intervention trials using toxic sub-

stances (cyclosporine) have failed; at present,
oral insulin and nicotinamide trials are ongo-
ing in selected patients. However, they are
applied too late, as is a trial with a heat shock
analogue peptide injected at diagnosis. Of
importance is increasing laboratory and
epidemiological evidence that enteroviruses
may be the initiating factor of the autoim-
mune process in the perinatal period, fol-
lowed by additional agents found in food
(cow’s milk nutritional additives) and car
produced pollutants, with repeated infections
continuing to damage the â-cells until
exhaustion.

Identification of the responsible viruses for
triggering the disease should enable primary
prevention programmes. There is no cure for
type I DM—pancreatic cell transplantation
and insulin gene therapy are only future
dreams—and because the present technologi-
cal advances in treatment (synthetic insulins,
insulin delivery pumps, multidisciplinary
team, etc) are of limited value it is imperative
to look for means to stop the ever increasing
incidence of this lifelong disease, which owing
to its numbers and consequences has become
a public health problem.

In recent years an increase in obesity has
been accompanied also by a rise in the
incidence of type II DM (insulin resistance)
mainly but not only in genetically susceptible
populations. Rarer forms of DM in children
are associated with chromosomal or mito-
chondrial diseases.

Abstract 27. IGF-I: a growth hormone
Z LARON

Pediatric Endocrinology and Diabetes Research
Unit, Schneider Children’s Medical Center, Tel
Aviv University, Israel and WHO Collaborating
Center for the Study of Diabetes in Youth
There is an ongoing controversy about
whether the hormone responsible for linear
growth is the pituitary growth hormone or
insulin-like growth factor I (IGF-I), acting in
an independent manner. IGF-I is synthesised
by the liver under the control of growth hor-
mone (GH) and released into the circulation,
from where it acts in an endocrine manner on
organ and somatic growth. IGF-I is also
expressed in most tissues of the organism,
where it is also regulated by GH but exerts
local eVects (paracrine action). Laron syn-
drome (LS; primary GH resistance) caused
by molecular defects of the GH receptor or
post receptor pathways, which leads to a defi-
ciency of GH dependent IGF-I from concep-
tion, is a unique model to study the above
dilemma in humans. Recently IGF-I gene
knockout (KO) or GH receptor KO mice
have enabled the study of animal models.

Since the first description of LS in 1966,
we have followed 51 patients, many since
infancy. Newborns with LS are slightly
shorter (42 to 47 cm) than healthy babies
(49–52 cm), suggesting that IGF-I has some
influence on intrauterine growth. Newborn
IGF-I KO mice are 30% smaller. The
postnatal growth rate of patients with LS is
very slow, the distance from the lowest
normal centile increasing progressively. If
untreated, the final height is 100–136 cm in
females and 109–138 cm in males. There is
also acromicia, organomicria including the
brain, heart, gonads, genitalia, and a great
retardation in skeletal maturation. The avail-
ability of biosynthetic IGF-I since 1988 has
enabled its long term administration to

children with LS. In the absence of GH
activity, IGF-I induced all the protein ana-
bolic eVects of GH. It accelerated linear
growth rates, as observed by us and others, to
8–9 cm in the first year of treatment com-
pared with 10–12 cm/year during GH treat-
ment. The growth rate in the following years
was 5–6.5 cm. In infancy, the diVerential
growth stimulating eVect on linear growth
between IGF-I and GH was also evident. In
contrast, the catch up growth of the head cir-
cumference (brain growth) in young children
was similar for both hormones. It thus seems
that an optimal linear growth eVect of IGF-I
depends on the presence of GH. It has been
suggested that GH is needed to stimulate the
early diVerentiation of the germinative carti-
lage cells, an IGF-I independent eVect,
because IGF-I mRNA is not expressed in
these cells. However, IGF-I has a GH
independent action on the central nervous
and other tissues. Noteworthy are the oppos-
ing eVects between IGF-I and GH on insulin
secretion and Lp(a) synthesis.

In conclusion, IGF-I is an important
growth hormone, mediating the pituitary GH
protein anabolic and linear growth promoting
eVect. It also has a GH independent growth
stimulating eVect, which with respect to car-
tilage cells is optimised by the synergistic
action of GH.

Abstract 28. Expression of IGF-1,
IGF-1R, and IGFBP-3 in gastric
carcinoma
S LEDER

1 , A SPENS
2, J EYER

1, T DANSRANJAVIN
1, D

KUBIS
1, A BERNSTEIN

3, H DRALLE
1, C HOANG-VU

1

1Klinik für Allgemeinchirurgie, 2Klinik für Innere
Medizin II and 3Klinik für Orthopädie, Martin-
Luther-University Halle-Wittenberg, Halle, Ger-
many
Gastric carcinoma is the fourth most fre-
quent carcinoma. Its incidence shows great
geographical diVerences. The mortality rate
in Germany is 30/100 000 male inhabitants.
Earlier studies have shown a relation between
abnormal growth and spontaneous tumour
formation as well as the overexpression of the
insulin-like growth factor receptor (IGF-1R)
and its ligand IGF-1. IGF-1/IGF-1R are
required for the regulation and stimulation of
cell proliferation and also for optimal growth
in various cell types. IGF-1 bioavailability is
downregulated by specific IGFBPs, especially
IGFBP-3. The aim of this study was to
analyse the expression of IGF-1, IGF-1R,
and IGFBP-3 transcripts in stomach carci-
noma.

Total RNA was isolated from 12 gastric
carcinomas. For reverse transcription
polymerase chain reaction (RT-PCR) analysis
specific primers were used (IGF-1: sense
5'-ATC CTT CTC TCC TCA TTC TTC-
3', antisense 5'-GAT ACA CAG ACA CAG
ATA AAA G-3'; IGF-1R: sense 5'-TCC ACA
TCC TGC TCA TCT CC-3', antisense
5'-AGA AGT CAC GGT CCA CAC AG-3';
and IGFBP-3: sense 5'-TCA GAG CAC
AGA TAC CCA G-3', antisense 5'- ACA
GCC GCC TAA GTC AC-3'). Histological
diagnosis and classification were carried out
on each specimen.

RT-PCR analysis revealed that IGFBP-3
mRNA was found in all tissues. The IGF-1
transcript was strongly expressed in five of 12
tissues when compared with the positive con-
trol. The IGF-1R transcript was highly
expressed in two and variably expressed in 10
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of 12 carcinoma tissues. Because of the
limited number of tissues investigated no
correlation between the pTNM and the
expression of IGF-1/IGF-1R could be found.
Our data showed that IGF-1, IGF-1R, and
IGFBP-3 are expressed in human gastric car-
cinomas.

Supported in parts by Land Sachsen-Anhalt and by
the Pinguin-Stiftung, Düsseldorf.

Abstract 29. The role of the IGF-I
receptor in cell proliferation and
apoptosis
D LE ROITH

Clinical Endocrinology Branch, NIH, Bethesda
MD, 20892, USA
The insulin-like growth factor I (IGF-I)
receptor plays an important role in cellular
proliferation and in preventing apoptosis.
Although the major signalling pathways, such
as the phosphatidylinositol 3-kinase (PI3-
kinase) and mitogen activated kinase (MAP)
kinase pathways, have been shown to be
involved in these important functions, other
pathways are also involved.

Oestradiol and IGF-I stimulate MCF-7
breast cancer derived cells in a synergistic
manner, at the level of early signalling events
including activation of the IGF-I receptor,
IRS-1 and PI3-kinase. In addition, synergism
is seen at events that include cell cycle
components such as the cyclins and the cyc-
lin dependent kinase (CDK) inhibitors.
Thus, with regard to cellular proliferation,
signalling pathways emanating from the
IGF-I receptor and the oestrogen receptor
may interact at multiple levels.

IGF-I can protect cells against UV radia-
tion damage. Using 4-NQO, a UV mimetic
agent, NIH-3T3 cells DNA are damaged, as
demonstrated by the comet assay as well as a
failure to proliferate, with cell cycle arrest.
Stimulation of these cells with IGF-I over-
comes the DNA damage and the cell cycle
arrest; cells once again enter S phase.

The major signalling pathway involved in
IGF-I receptor rescue of DNA damage under
these circumstance is the p38 MAP kinase
pathway, as demonstrated by the inhibition of
IGF-I rescue in the presence of SB202190, a
specific inhibitor of p38á and â. Further-
more, IGF-I receptor activation repairs UV
irradiated adenovirus infected into NIH-3T3
cells; again suggesting an eVect of the IGF
system on DNA repair.

In vivo, the role of circulating IGF-I in
tumour progression was studied. Administra-
tion of recombinant human IGF-I to mice
shortened the latency period of appearance of
tumours and stimulated more rapid tumour
growth. Reduction of the circulating levels of
IGF-I, on the other hand, delayed the onset
of tumours. Thus, the IGF/IGF-I receptor
system is involved in tumour growth.

Abstract 30. Lycopene interferes in vivo
and in vitro with the IGF system
J LEVY, Y SHARONI

Clinical Biochemistry, Faculty of Health Sci-
ences, Ben-Gurion University and Soroka Medi-
cal Center, Beer-Sheva, Israel
The incidence of prostate and breast cancer
in the Western world has been increasing at
an accelerating pace. To fight this trend,
recent research has focused on the role of diet

and related lifestyle exposure in disease
prevention. Recently, it was found that the
insulin-like growth factor I (IGF-I) blood
concentration is a powerful risk factor for
prostatic and breast cancer (similar to the way
that cholesterol level predicts the risk of heart
disease). The same research group also
reported that the intake of lycopene reduces
prostate cancer risk. In view of these results,
our work was focused on two questions: (1)
Can lycopene supplementation reduce IGF-I
blood values? (2) Does lycopene inhibit IGF
activity in cancer cells ?

We measured the absorption of dietary
lycopene and the eVect of this supplementa-
tion on IGF-I blood concentration in patients
undergoing elective haemorrhoidectomy. To-
mato lycopene oleoresin (given orally 15 mg
twice/day) or a placebo were administrated
for three to four weeks before surgery. The
lycopene concentration and isomer distribu-
tion in the blood and in the surgically
removed tissues were measured by high
performance liquid chromatography
(HPLC). Lycopene was found to increase
after supplementation from 0.31 ± 0.021 to
0.56 ± 0.053 nmol/ml. In 15 of the 28
patients in the lycopene treated group, the
IGF-I blood concentration decreased more
than 10% after supplementation. In the
placebo treated group IGF-I values in 20 of
28 patients did not change. These prelimi-
nary results should be examined further in
other healthy subjects and in patients with
cancer.

Lycopene interference with IGF-I activity
in vitro was studied with human cancer cell
lines. Growth stimulation of MCF-7 mam-
mary cancer cells by IGF-I was noted to be
greatly reduced by physiological concentra-
tions of lycopene (0.75 µM), while growth of
unstimulated cells was inhibited only at
higher concentrations of the carotenoid
(3 µM). We found that lycopene treatment
greatly reduced IGF-I stimulation of both
tyrosine phosphorylation of insulin receptor
substrate-1 and binding capacity of the AP-1
transcription complex. These eVects were not
associated with changes in the number or
aYnity of IGF-I receptors, but rather with an
increase in membrane associated IGF bind-
ing proteins. This suppression was associated
with inhibition of IGF stimulated cell cycle
progression, from G1 to S phase, of serum
starved (synchronised) cells. IGF-I stimula-
tion of the control cells resulted in a two to
fourfold increase in cyclin D1 mRNA and
protein values. The pRb protein level and the
ratio of the inactive phosphorylated form to
the active hypophosphorylated form in-
creased. These changes were significantly
attenuated by lycopene treatment, whereas
the protein concentrations of CDK2, CDK4,
cyclin E, and the CDK inhibitor p27 did not
change. However, the activity of CDK2 was
reduced. Cyclin D expression is greatly
increased in breast cancer biopsies. Its
transcription is mediated, in part, by AP-1
proteins. Therefore, we used a plasmid
carrying a luciferase reporter gene driven by a
1745 bp fragment from the cyclin D pro-
moter that contains the functional AP-1 site.
It was found that both retinoic acid and lyco-
pene decreased IGF-I induced upregulation
of AP-1 activity in this assay.

In summary, we conclude that lycopene
and other carotenoids interfere with the
IGF-I system at several levels.

Abstract 31. Identification of new IGF-1
receptor interacting proteins using the
yeast two hybrid system
T LIGENSA

1, 2, D DEMUTH
1, R SCHUMACHER

1, G

JAQUES
2, K M WEIDNER

1

1Roche Pharma Research,Nonnenwald 2,82377
Penzberg, Germany; 2Department of Internal
Medicine, Division of Hematology/Oncology,
Philipps University Marburg, Germany
Signalling by the insulin-like growth factor 1
receptor (IGF-1R) plays a crucial role in cel-
lular growth, diVerentiation, and survival.
Various signalling substrates and targets that
bind to the IGF-1R have been described.
However, none of these transducers is unique
to the IGF-1R and thus could be exclusively
responsible for the unique biological features
of the IGF-1R compared with other receptor
tyrosine kinases, including the insulin recep-
tor.

We used a modified version of the yeast
two hybrid system to identify new cytosolic
IGF-1R binding proteins. The intracellular
domain of the â-subunit of the IGF-1R was
fused to the dimer forming LexA DNA bind-
ing domain, which stimulates the activation
of the wild-type receptor and induces inter-
chain phosphorylation of the receptor do-
mains on tyrosine residues.

In addition to known substrates of the
IGF-1 receptor, such as p85 PI3K and
Grb10, we isolated several proteins that have
not been described previously as IGF-1R lig-
ands. Two of the new IGF-1R interacting
proteins (IIPs) show binding specificity for
the IGF-1R and do not interact with the
insulin receptor: IIP-1 is a 36 kDa phospho-
protein, which contains a PDZ domain.
Binding of IIP-1 to the IGF-1R is independ-
ent of kinase activity. IIP-10 is a novel 26 kDa
protein with an unknown domain structure.
Interaction of IIP-10 with the IGF-1R
requires activation of the IGF-1R tyrosine
kinase.

This indicates that specific targets of the
IGF-1R exist that might trigger survival and
counteract apoptosis and thus might repre-
sent interesting pharmaceutical targets for
anti-cancer treatment.

Abstract 32. DiVerent patterns of
regulation of IGF-II and IGFBP-3 gene
expression by inducing diVerentiation of
adrenocortical carcinoma H295R cells
J LIU

1, V ILVESMÄKI
3, A I KAHRI

1, P HEIKKILÄ
1, J

AROLA
1, R VOUTILAINEN

2

1
Department of Pathology,University of Helsinki;

2Department of Pediatrics, Kuopio University
Hospital; and 3Department of Medicine, Helsinki
University Central Hospital, Finland
Adrenal masses are among the most common
tumours in humans. Highly expressed
insulin-like growth factor II (IGF-II) is
implicated in the development of adrenocor-
tical carcinomas. IGF bioactivity is modified
by IGF binding proteins (IGFBPs). To shed
more light on the role of the IGF system in
the development of adrenocortical carcino-
mas, we studied the regulation of IGF-II and
IGFBP-3 genes in the cultured human
adrenocortical carcinoma NCI-H295R cell
line.

In cultured H295R cells, IGF-II is abun-
dantly expressed at the mRNA level, whereas
IGFBP-3 mRNA is hardly detectable with
northern blotting. Induction of steroidogen-
esis related gene expression (including ster-
oidogenic acute regulatory protein, low and
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high density lipoprotein receptors, and chol-
esterol side chain cleavage enzyme) and
cortisol secretion by (Bu)2cAMP treatment
was associated with a reduction (up to 60%)
in IGF-II but an increase (up to 300%) of
IGFBP-3 mRNA accumulation. Both eVects
of (Bu)2cAMP on IGF-II and IGFBP-3 lev-
els are dose dependent. However, although
the reduction of IGF-II gene expression
appeared only after long term incubation
(longer than 48 hours), the induction of
IGFBP-3 mRNA accumulation was detect-
able within two hours of treatment. The
increase of IGFBP-3 was associated with the
upregulation of c-myc and c-fos proto-
oncogene expression. Two site immunoradio-
metric assay for IGFBP-3 demonstrated that
changes in IGFBP-3 concentrations in the
conditioned media parallelled cellular
IGFBP-3 mRNA levels. In addition, long
term treatment with (Bu)2cAMP (4–7 days)
inhibited cell proliferation (as much as 40%
of the control), as analysed by incorporation
of bromodeoxyuridine.

In summary, the diVerent patterns of
regulation of IGF-II and IGFBP-3 gene
expression in H295R cells suggest that they
may have opposite roles in the diVerentiation
and proliferation of adrenocortical carcinoma
cells.

Abstract 33. IGF-I antisense and triple
helix strategies in cellular gene therapy
of tumours
A LY

1, L C UPEGUI-GONZALEZ
1, H T DUC

1, D BOUT
2,

J TROJAN
1,2

1INSERM/Université Paris VII,France; 2INRA/
Université de Tours, France
Insulin-like growth factor I (IGF-I) is a 70
amino acid polypeptide involved in cell and
tissue diVerentiation. IGF-I expressing
PCC-3 and PCC4 embryonal carcinomas
cells, derived from mouse teratocarcinoma,
are widely used as an in vitro model system to
study the regulation of cell determination and
diVerentiation, especially in cells of neuroglial
origin. The antisense strategy showed that
tumour cells when transfected with the
vectors encoding IGF-I suppression lost
tumorigenicity, became immunogenic, and
induced a tumour specific immune response
involving CD8+ lymphocytes. Recently, a tri-
ple helix approach for IGF-I gene therapy of
glioma was described. Our objective was to
establish the parameters of cells used for
IGF-I triple helix strategy. PCC-3 embryonal
carcinoma cells derived from murine terato-
carcinoma expressing IGF-I were used as a
model. The cells transfected with vectors
inducing IGF-I RNA–DNA structures (triple
helixes) stopped producing IGF-I, changed
phenotype, expressed MHC-I and B-7 mol-
ecules, and also showed the feature of
apoptotic cells (at least 60% of cells). The
IGF-I “triple helix” transfected cells injected
subcutaneously into syngeneic 129 mice lost
tumorigenicity. The same triple helix cells
when co-transfected in vitro with vectors
encoding both MHC-I and B-7 antisense
cDNA stopped expressing MHC-I and B-7;
moreover, the number of apoptotic cells
significantly diminished. The injection of
these double co-transfected cells into 129 Sv
mice has resulted in the development of the
teratocarcinoma tumour. Comparatively
used IGF-I antisense strategy confirmed
these observations. The results demonstrated
that IGF-I antisense or triple helix trans-

fected cultured cells simultaneously show
immunogenic and apoptotic characteristics,
and that there is a relation between these two
cell processes.

The relation between the two phenomena,
immunogenicity and apoptosis, is crucial to
understanding the mechanism of IGF-I triple
helix gene therapy. Moreover, this point is
important for the selection of cell clones used
for the treatment of human cancers express-
ing IGF-I; the described observations show
that IGF-I triple helix cells should express
both MHC-I and B-7 molecules, and be
apoptotic (60% of cultured cells). The data
obtained using the mouse teratocarcinoma
model resemble the data that we obtained
recently with human cancer cells. The estab-
lishment in our laboratories of transfected
IGF-I triple helix cell lines derived from
human glioma and hepatoma patients consti-
tutes the beginning of preclinical studies con-
cerning triple helix cellular therapy of tu-
mours.

Abstract 34. Age related SD scores of
serum levels of IGF-I, IGF-II, IGFBP-2,
IGFBP-3, and acid labile subunit in 67
paediatric tumours
K MARTIN

1, M W ELMLINGER
1, M B RANKE

1, E

KOSCIELNIAK
2

1Childrens’ Hospital, University Tubingen, Ger-
many; 2Olga Hospital, Stuttgart, Germany
Tumorigenesis and malignant transforma-
tion of many tumour types are associated
with disorders at diVerent regulatory levels
of the insulin-like growth factor (IGF)
system. In addition to increased production
of IGFs and the IGF-I receptor (IGF-IR),
high aYnity IGF binding proteins, in par-
ticular IGFBP-2 and IGFBP-3, can actively
aVect tumour growth and metastasis. Altera-
tions in IGFBP serum concentrations are
therefore considered as diagnostic param-
eters indicating a malignant tumour or, in
turn, for monitoring tumour treatments. So
far, however, the role of the IGFBPs in pae-
diatric neuroblastoma and sarcomas is
poorly understood.

Hence, we measured IGF-I, IGF-II,
IGFBP-2, IGFBP-3, and acid labile subunit
(ALS) serum values in 47 paediatric sarco-
mas (11 peripheral neuroectodermal tumour
(PNET), nine embryonal rhabdomyosar-
coma (RMS), eight alveolar RMS, seven
osteosarcoma, 12 others) and in 20 neurob-
lastomas by radioimmunoassays (RIAs) and
enzyme linked immunosorbent assay
(ELISA) and calculated the SD scores on the
basis of age dependent in house reference
ranges.

We found strongly raised (up to 6 SD)
IGFBP-3 concentrations in Ewing sarcoma,
PNET and osteosarcoma, as compared with
healthy children, whereas IGFBP-2, IGF-I,
and IGF-II were significantly decreased. In
contrast, in neuroblastoma IGFBP-2 was
raised, whereas IGFBP-3 and the IGFs were
decreased. Interestingly, there was an overall
negative correlation between IGFBP-2 and
IGFBP-3 serum concentrations. In conclu-
sion, IGFBP-2 and IGFBP-3 serum concen-
trations may be of value in the diagnosis of
malignant paediatric sarcomas and neuro-
blastomas.

Abstract 35. IGFBPs modulate integrin
signalling independently of IGF-I in
Hs578T human breast cancer cells
C McCAIG, C M PERKS, J M P HOLLY

Division of Surgery, Department of Hospital
Medicine, Bristol Royal Infirmary, Bristol, UK
We have demonstrated previously that al-
though insulin-like growth factor binding
proteins (IGFBPs) 1–6 alone have no signifi-
cant eVects on cell growth of Hs578T human
breast cancer cells, they have diVerential
eVects on apoptotic signalling pathways.
Whereas IGFBP-1, IGFBP-2, and IGFBP-6
had no eVect, IGFBP-3 could significantly
enhance, whereas IGFBP-4 and IGFBP-5
could dramatically inhibit, ceramide (C2)
induced apoptosis. These eVects of the
IGFBPs were independent of IGF-I. We have
also demonstrated in IGF responsive human
breast cancer cells that the mitogenic eVects
of IGF-I were completely negated in the
presence of a non-apoptotic dose of a
synthetic RGD containing peptide (RGD).
These data indicate that crosstalk occurs
between the IGF family and integrin signal-
ling pathways.

Our aims were to investigate whether the
diVerential eVects of IGFBPs 1–6 on apopto-
sis in Hs578T human breast cancer cells were
occurring via interaction with integrin signal-
ling pathways.

Cells grown in vitro were either: (1)
treated with or without IGFBP-3 (100 ng/
ml) for 30 minutes, followed by immuno-
precipitation of whole cell lysates with
anti-phosphotyrosine and western immunob-
lotting with anti-focal adhesion kinase
(FAK); or (2) treated with or without
IGFBPs (100 ng/ml) for one hour in suspen-
sion before plating on ECM gel for 30
minutes. Relative cell adhesion was assessed
by cell counting.

After 30 minutes exposure to IGFBP-3
there was a significant 36% decrease in FAK
phosphorylation in whole cell lysates. In
addition, the adhesion of suspensions of
Hs578T cells on to ECM gel over 30 minutes
was unaVected by IGFBPs 1 and 6, inhibited
by IGFBP-3 (30%; p < 0.01) and RGD at
10 µg/ml (24%; p < 0.001), but significantly
accentuated in the presence of either
IGFBP-4 (10%; p < 0.05) or IGFBP-5
(24%; p < 0.001), following incubation with
IGFBPs for one hour, compared with control
cells in the absence of IGFBPs.

These data suggest that IGFBPs 3, 4, and
5 independently of IGF-I may have the abil-
ity to interact with integrin signalling to
modulate adhesion and in doing so prime the
cells and thereby influence their subsequent
response to apoptotic stimuli.

Abstract 36. DiVerential eVects of
TGF-â on IGFBP-3 production in
normal versus cancerous breast
epithelial cells
C McCAIG, C A FOWLER, J M P HOLLY, N J

LAURENCE, T LAI, P B SAVAGE, CM PERKS

Division of Surgery, Department of Hospital
Medicine, Bristol Royal Infirmary, Bristol, UK
Transforming growth factor â (TGF-â) is a
pluripotent cytokine capable of stimulating or
inhibiting cell growth depending on the target
cell. TGF-â stimulates insulin-like growth
factor binding protein 3 (IGFBP-3) mRNA
and peptide expression in several cell types,
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and TGF-â induced growth inhibition and
apoptosis have been shown to be mediated
through the induction of IGFBP-3.

The aim of this study was to compare
the eVects of TGF-â on cell growth
inhibition and modulation of IGFBP-3 pro-
duction in normal human mammary MCF-
10A cells versus Hs578T human breast can-
cer cells.

MCF-10A and Hs578T cells were treated
with 5 ng/ml TGF-â for five days. Growth
inhibition was assessed by trypan blue exclu-
sion and endogenous IGFBP-3 monitored
and measured by western immunoblotting
and radioimmunoassay, respectively, of the
conditioned media (CM). Dosing was re-
peated as above in the Hs578T cells with
20 µg/ml antisense mRNA to IGFBP-3
added on days 1, 3, and 5 with the same
assessments. In addition, MCF-10A cells
were treated with exogenously added
IGFBP-3 (100–200 ng/ml) for 24 hours and
cell number assessed as before.

In Hs578T and MCF-10A cells, TGF-â
alone caused no cell death but a 53% and
62% inhibition of cell growth, respectively.
In the Hs578T cells, cell growth inhibition
was accompanied by a significant increase in
endogenous IGFBP-3 from 77 ng/ml in con-
trol cells to 906 ng/ml (p < 0.001). Coincu-
bation with antisense mRNA to IGFBP-3
significantly decreased IGFBP-3 concentra-
tions to 370 ng/ml (p < 0.001) and abro-
gated the growth inhibitory eVect of TGF-â.
In the normal mammary cells, TGF-â simi-
larly induced significant cell growth inhibi-
tion, but in contrast to the Hs578T cells this
was accompanied by a dramatic decrease
(97%) in endogenous IGFBP-3 values. Con-
versely, treatment of these cells with exog-
enously added IGFBP-3 caused a significant
increase in cell proliferation (approximately
50%).

TGF-â induces cell growth inhibition in
both normal and cancerous mammary epi-
thelial cells. However, this appears to be
eVected by increasing endogenous levels of
IGFBP-3 in Hs578T cells but by decreasing
IGFBP-3 levels in MCF-10A cells. These
data suggest that IGFBP-3 has diVerential
eVects on cell growth, being able to promote
growth in normal mammary epithelial cells
but to inhibit the growth of breast cancer
cells.

Abstract 37. Serum concentrations of
IGF signalling peptides at diagnosis of
acute lymphocytic leukaemia (ALL)
predict relapse risk
K L MOHNIKE

1, U KLUBA
1, V AUMANN

1, H WEX
1, P

VORWERK
1, WF BLUM

2, U MITTLER
1

1O.-v.-Guericke-University Magdeburg,Depart-
ment of Paediatrics, 39112 Magdeburg, Wiener
Str., Germany; 2J.-v.-Liebig-University Gieâen,
Germany
The long term prognosis of children with
lymphoid neoplasia depends both on the
relapse risk and on side eVects of treatment.
At the time of diagnosis only a few
parameters—age, immunophenotype, pred-
nisone response—have been of predictive
value in identifying those patients who need
intensified and those who need less toxic
treatment. In this study, patients with high
risk (HR-) ALL were excluded. The remain-
ing 148 children with standard or medium
risk ALL treated by the Berlin-Frankfurt-
Münster (BFM) study group were analysed

for the predictive value of serum values of
insulin-like growth factor I (IGF-I), IGF-II,
and IGF binding proteins (IGFBPs) 1, 2, and
3 at diagnosis to determine the two year
relapse free rate. At diagnosis of ALL we
found raised IGFBP-2 (median/min to max:
+3.2 SDS/−7.5 to 8.1), low IGF-I (median/
min to max:−2.3/−9.3 to 0.7) and IGFBP-3
(median/min to max:−1.3/−12.3 to 2.5), but
normal IGFBP-1 (median/min to max:+0.2/
−2.4 to 4.4) and IGF-II (median/min to
max:−1.0/−5.7 to 5.0). One hundred and
thirty four patients were followed for at least
two years in continuous complete remission
and 14 developed a relapse. Using cluster
analysis, serum concentrations of IGFBP-1,
IGFBP-2, and IGF-II at diagnosis diVerenti-
ated two groups with low relapse risk (1/69 v
13/79). Therefore, in addition to conven-
tional risk factors, serum concentrations of
IGFBP-2, IGFBP-1, and IGF-II at the time
of diagnosis predict continuous complete
remission in a subgroup of ALL. In addition,
raised IGFBP-2, IGFBP-1, and low IGF-II at
diagnosis indicate a higher relapse rate,
implying resistance to chemotherapy. We
hypothesise that low systemic IGF-I and
IGF-II were compensated for at sites of
clonal expansion by a local accumulation of
IGFBP-2/IGF complexes.

Abstract 38. Genomic imprinting of
IGF-2 and H19 in human meningiomas
S MÜLLER

1, D ZIRKEL
1, M WESTPHAL

1, W ZUMKEL-
LER

2

1Department of Neurosurgery, Laboratory of
Brain Tumour Biology, University Hospital
Eppendorf, Hamburg, Germany; 2German Can-
cer Research Centre, Division of Cytogenetics,
Heidelberg, Germany
Several genes, such as the gene encoding
insulin-like growth factor 2 (IGF-2) and
H19, are normally imprinted with preferen-
tial expression of the paternal or maternal
allele, respectively. Loss of imprinting (LOI)
of IGF-2 and H19 is found in several
tumours, suggesting that LOI of IGF-2
and/or H19 may play an important role in
tumorigenesis. The IGF-2 gene encodes a
fetal growth factor and the H19 gene is likely
to act as an RNA with an antitumour eVect.
We investigated the imprinting status of
IGF-2 and H19 in human meningiomas.
The IGF-2 gene, which is normally im-
printed, is not imprinted in the leptomenin-
ges and choroid plexus of the brain. To
examine the imprinting status of IGF-2 and
H19 in human meningiomas we used the
ApaI polymorphisms in exon 9 of the IGF-2
gene and the AluI polymorphism in exon 5 of
the H19 gene. In total, 24 meningiomas of
WHO grade I, II, and III were analysed. Fif-
teen meningiomas (63%) were informative
for the ApaI polymorphism in the IGF-2
gene. Monoallelic expression (MAE) for
IGF-2 was found in 11 of 15 tumours
(73%), which is in contrast to the lack of
imprinting status of IGF-2 in leptomeninges.
Ten cases (42%) were heterozygous for the
H19 gene and biallelic expression was found
in three of 10 meningiomas (30%). The
results indicate that modulation of the
imprinting status of IGF-2 and H19 may
play an important role for the development
of meningiomas.

Abstract 39. The CCN gene family and
cancer: structural or functional relation
with IGFBPS?
B PERBAL

Laboratoire d’Oncologie Virale et Moléculaire,
UFR de Biochimie, Université Paris 7- D.
Diderot, Paris, and Unité INSERM 515,
Hôpital Saint-Antoine, Paris, France
The prototypic members of the CCN family
(CTGF, CYR61, and NOV) were discovered
in the early 1990s. Additional members of the
family have been identified, including Elm-1/
WISP-1, WISP-3, and Cop-1/WISP-2.
These highly conserved cysteine rich proteins
share four modular domains (each encoded
by a single exon) with sequence similarities to
insulin-like growth factor binding protein
(IGFBP), von Willebrand factor, throm-
bospondin, and a cysteine knot characteristic
of some growth factors including platelet
derived growth factor (PDGF), nerve growth
factor (NGF), and transforming growth
factor â (TGF-â). Cop-1/WISP-2 is unique
because it lacks the C-terminal cysteine knot
domain.

Purified CCN proteins have been shown
to mediate and promote cell adhesion, migra-
tion, proliferation, and survival. Matrix asso-
ciated, heparin binding proteins CTGF and
CYR61 are novel ligands of integrins ávâ3
and áIIBâ3, and NOV interacts with fibulin
1C, suggesting their involvement in cell
adhesion signalling. Both CTGF and CYR61
induce angiogenesis in vivo and chondrogen-
esis in vitro. CTGF is expressed in fibroblasts
during wound healing and can induce fibrosis
in vivo. Furthermore, CTGF has been
demonstrated to mediate both the mitogenic
and matrigenic activities of TGF-â. Other
studies have revealed that CYR61 promotes
tumour growth, whereas Cop-1 or Elm-1/
WISP-1 can inhibit tumour growth. It has
also been established that the expression of
NOV is abnormal in tumour cells and that the
expression of an amino truncated form of
NOV is transforming but full length NOV
inhibits fibroblast growth, suggesting an
involvement of this proto-oncogene in malig-
nancy.

The expression and possible roles of CCN
genes in cancer cells will be discussed with
respect to the structural relation existing
between IGFBPs and CCN proteins.

Abstract 40. IGF physiology and cancer
risk: interpreting the data
M POLLAK

McGill University, Montreal, Canada
It is now approximately 30 months since the
first prospective studies provided data sug-
gesting that individuals with circulating
insulin-like growth factor I (IGF-I) values at
the high end of the normal range have a
higher risk for common cancers than indi-
viduals at the lower end of the normal range.
Earlier but smaller and non-prospective case
control studies had reached similar conclu-
sions. Most of the subsequent studies during
the past two years have confirmed the trend,
although the quantification of the risk has
varied between studies. In some studies, the
strength of the association is as strong as that
described for the link between cholesterol
and cardiovascular disease.

Further data are required to describe bet-
ter the nature of the relation between various
IGF related analytes in the circulation and
cancer risk, and many groups are now
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studying this issue, using sample sets from
repositories around the world.

The physiological basis of the relation
remains unclear. We have hypothesised that
in view of the well known fact that there is
substantial variation in IGF-I values among
normal individuals, this biological variation
actually influences the carcinogenic process
in a subtle way over decades of life (perhaps
survival of partially transformed cells is
higher in “high IGF-I” individuals, for exam-
ple), and this leads to the observed associ-
ation. An alternative hypothesis proposes that
the IGF-I–risk relation is observed because
even early neoplasms can raise circulating
IGF-I values. Workers in this field must
clearly consider the diVerences between a
“tumour marker” and a “cancer risk factor”.
In addition, careful attention must be given to
the stage of cancer in population studies,
because it is well known that cachexia from
any cause is associated with low IGF-I values.
This explains some discrepancies in the
literature: while subjects destined to have a
diagnosis of cancer in the future and/or those
just diagnosed with early cancer tend to have
higher IGF-I levels than controls, subjects
with advanced cancer have lower IGF-I levels
as a consequence of malnutrition, cachexia,
and liver disease.

Apart from generating data to describe the
IGF physiology–cancer risk association bet-
ter, ongoing work in the field is expanding in
several directions that may have relevance to
cancer prevention, namely: (1) studies of
interaction between IGF related risk and
“classic” risk factors, (2) characterisation of
genetic and non-genetic factors that underlie
person-to-person variability in circulating
analytes related to IGF physiology, and (3)
better understanding of the physiological
basis for the unexpected discordance between
IGF-I and IGFBP-3 values consistantly
observed in a minority of apparently normal
subjects.

Abstract 41. The IGF-I/IGFBP-3 molar
ratio predicts the presence of advanced
colorectal adenomas in normal
populations and possibly acromegalics
A G RENEHAN

1, J PAINTER
1, W S ATKIN

2, C S

POTTEN
3, S T O’DWYER

1 , S M SHALET
4

Departments of 1Surgery, 3Epithelial Biology,and
4Endocrinology, Christie Hospital NHS Trust,
Manchester, UK; 2Imperial Cancer Research
Fund, London, UK
There is increasing evidence that physiologi-
cally high insulin-like growth factor I (IGF-I)
and low IGF binding factor (IGFBP-3) levels
within a population may predict the subse-
quent development of common epithelial
cancers, including colorectal cancer. Most
colorectal cancers arise from adenomas (the
adenoma–carcinoma sequence), and diVer-
ent stages of development are recognised:
early “low risk” and advanced “high risk”
adenomas (size > 1cm, tubulovillous or
villous histology, severe dysplasia, or multi-
plicity). This report includes two parallel
studies examining the relation of circulating
IGF-I and IGFBP-3 with the diVerent stages
of adenoma development in two groups: a
group of healthy adults and a group of
acromegalics undergoing screening colonos-
copy.

Study 1: within the randomised Flexi-
Scope trial (healthy volunteers, aged 55 to 64
years), we measured serum IGF-I and

IGFBP-3 in sera collected prospectively from
442 attendants. Of these, 100 individuals
underwent a complete screening colonos-
copy: 47 normal examinations, 11 low risk
adenomas, 42 high risk adenomas. Estimates
of relative risk for the adenomatous stages
were calculated using multiple logistic
regression, adjusting for known risk factors.

In study II we also measured serum IGF-I
and IGFBP-3 in 60 acromegalic patients
(aged 24 to 80 years) at the time of screening
colonoscopy. Because ages ranged in this
group over six decades, age–sex adjustments
were made using normative data from 295
healthy individuals. IGF-I/IGFBP-3 molar
ratios were calculated for both studies.

Study I: mean serum IGF-I and IGFBP-3
values were similar in individuals with a nor-
mal colonoscopy and low risk adenomas. By
contrast, serum IGF-I was increased (mean
(SD), 190 (53) v 169 (54) µg/litre; p = 0.06),
and serum IGFBP-3 was significantly de-
creased (mean (SD), 3.22 (0.60) v 3.47
(0.62) mg/litre; p = 0.05) in individuals with
high risk adenomas compared with normal
colonoscopy and low risk adenomas com-
bined. The resulting IGF-I/IGFBP-3 molar
ratio was significantly raised in individuals
with high risk adenomas (mean (SD), 0.26
(0.06) v 0.22 (0.08); p = 0.002). There were
strong correlations between repeated samples
for both IGF-I (r = 0.74; p < 0.001) and
IGFBP-3 (r = 0.82; p < 0.001), and values
were unaVected by the removal of adenomas.
With high risk adenoma as the dependent
factor, regression models demonstrated a sig-
nificant positive association with IGF-I after
controlling for IGFBP-3 (relative risk (RR)/
1 SD change = 4.39; 95% confidence interval
(CI), 1.31 to 14.7; p = 0.02), and independ-
ently, an inverse association with IGFBP-3
after adjustment for IGF-I (RR/1 SD change
= 0.41; 95% CI, 0.20 to 0.82; p = 0.01).

Study II: by simple comparisons between
acromegalics with (n = 6) and without ad-
vanced adenomas, there were no diVerences
in IGF-I/IGFBP-3 molar ratios. However,
when plotted on age–sex adjusted curves,
trends emerged, although the numbers were
too small to be conclusive.

The findings from these parallel studies
suggest that the IGF-I/IGFBP-3 molar ratio
predicts future colorectal cancer risk in the
normal population and possibly in acromeg-
alic patients. Specifically, circulating IGF-I
and IGFBP-3 may predict adenoma progres-
sion. These data support recent observations
from the nurses’ health study demonstrating
similar associations (Giovannucci et al. Can-
cer Epidemiol Biomarkers Prev 2000;9:345–
9)—the current study is smaller but its
strengths include the setting within a ran-
domised trial, a well defined age range, and
adenoma classification using uniform histo-
logical criteria.

Abstract 42. IGF-II peptide
overexpression early in the
adenoma–carcinoma sequence of
colorectal neoplasia in humans and the
Min mouse model
A G RENEHAN

1, C S POTTEN
2, S T O’DWYER,1

S M

SHALET
3

Departments of 1Surgery, 2Epithelial Biology,and
3Endocrinology, Christie Hospital NHS Trust,
Manchester, UK
We have reported previously that serum
insulin-like growth factor II (IGF-II) values

are raised in individuals with colorectal
adenomas (Renehan AG, et al. Clin Endocri-
nol Metab 2000 [In press.]), and in patients
with early stage colorectal cancer (Renehan
AG, et al. Br J Cancer 2000;83:1344–50).
Other studies have shown that IGF-II
mRNA is minimally expressed in normal
adult colonic epithelium, but is overex-
pressed in some human colonic adenocarci-
nomas and colonic cancer cell lines. We
tested the hypothesis that IGF-II peptide
overexpression may occur early in the patho-
genesis of colorectal neoplasia using the
adenoma–carcinoma model in humans and
the Min (multiple intestinal neoplasia)
mouse model. In addition, as IGF-II is
potentially mitogenic and anti-apoptotic via
the IGF-I receptor, we investigated the
association between IGF-II expression and
cell proliferation and apoptotic indices in the
neoplastic tissues.

The human material consisted of the
following: (1) well orientated small intestinal
epithelium obtained from individuals with-
out colonic neoplasia (n = 10), (2) well
orientated colonic epithelium obtained from
individuals without colonic neoplasia
(n = 10), (3) “normal” colonic epithelium
from patients undergoing colonic resection
for cancer (n = 12), (4) hyperplastic polyps
(n = 10), (5) adenomas (n = 66), and (6)
adenocarcinomas (n = 70). We also included
well orientated colonic epithelium (n = 10)
and adenomas (n = 18) from acromegalic
patients. The mouse study comprised intes-
tinal bundles (×2) at 8, 14, 16, 24, and 29
weeks after birth. Immunohistochemical
staining was performed using antibodies to
IGF-II. Tumour expression was scored
semiquantitatively, as follows: 0, negative; 1,
< 25%; 2, 26–75%; 3, > 75%, and normal
epithelium scored using positional cell analy-
sis. Peptide overexpression was quantified
using western immunoblots and radioimmu-
noassays of homogenates. Cell proliferation
and apoptotic indices were calculated follow-
ing MIB-1 and M30 cytodeath staining,
respectively.

There was no IGF-II immunoexpression
in the small intestine, normal colonic epithe-
lium from non-neoplastic patients (sporadic
and acromegalic), or hyperplastic polyps. In
contrast, IGF-II expression was observed in
“normal” basal crypt epithelium from cancer
patients corresponding with maximum anti-
apoptotic activity, and was expressed inten-
sively in dysplastic crypts adjacent to adeno-
carcinomas (31 of 38 informative cases).
IGF-II positivity was observed in 83% of all
adenomas; notably, IGF-II positivity was
recorded in 80% of adenomas < 5 mm in
size. For all adenocarcinomas, IGF-II posi-
tivity was 53%, rising to 85% for well diVer-
entiated adenocarcinomas. Serial examina-
tion of the Min mice intestines demonstrated
that IGF-II was expressed in microcystic
adenomatous lesions (the earliest lesions),
but that it was absent in normal intestinal
epithelium.

For human neoplastic lesions, IGF-II
scoring showed no association with cell
proliferation, but demonstrated an inverse
association with apoptotic rates in adenomas
(table 2).

This study has confirmed that IGF-II pep-
tide expression is absent or minimal in
normal colonic epithelium but, by contrast,
has shown that IGF-II is overexpressed early
in the adenoma–carcinoma sequence of colo-
rectal cancer in humans and the Min mouse
model. These findings support the hypothesis
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that raised IGF-II in the circulation may
reflect direct adenoma expression, and thus
behave as a potential tumour marker. In
addition, the anti-apoptotic properties rather
than the stimulatory eVects of IGF-II may be
more relevant in colorectal carcinogenesis.

Abstract 43. Investigation of the
dependency of renal cancer cells on
IGFs
A ROSENDAHL, G FORSBERG

Active Biotech Research AB, Box 724, Lund,
Sweden
Kidney cancer is a malignant disease associ-
ated with a poor prognosis. In the USA, the
incidence is in the order of 30 000 new cases
annually. It is well known that several cancer
forms are associated with insulin-like growth
factor (IGF) secretion from tumour cells,
which is used for autocrine growth stimula-
tion. It is also known that blocking the IGF
receptor may lead to apoptosis.

The present study has investigated the
biological role of IGF-I in malignant epithe-
lial kidney carcinoma cells in vitro. The cell
lines investigated were Caki-2 and Gurall and
the eVects were compared with previously
described cell lines, such as the breast cancer
cell line MCF-7. The cells showed a strong
proliferative response to IGF-I, IGF-I ana-
logues, and IGF-II, but not to the otherwise
functionally related epidermal growth factor
(EGF), indicating that these cells are depend-
ent on IGF to progress through the cell cycle.
In experiments where neutralising antibodies
to the IGF type I receptor were added to the
culture medium, the cells showed a greatly
reduced capacity to initiate proliferation.
Interestingly, the addition of soluble IGF-I
receptor to the culture medium resulted in
strong inhibition of the proliferative response
in Gurall cells, but had no marked eVect on
Caki-2 cells, indicating diVerent cellular
regulation in these two epithelial cell lines.
The eVects of these diVerent ways of blocking
the receptor had diVerent impacts on both
IGF binding protein (IGFBP) secretion and
IGF-I dependent rescue from apoptosis.

Our present results show that the IGF
family plays an important role in the progres-
sion of these malignant cells. Thus, interfer-
ence in this system may be a novel approach
in kidney cancer treatment.

Abstract 44. Expression of IGF-2 and
IGFBPs 2, 5, and 6 in meningiomas with
diVerent brain invasiveness
A-C SANDBERG NORDQVIST, T MATHIESEN

Department of Clinical Neuroscience, Section of
Neurosurgery, Karolinska Institute, Karolinska
Hospital, R2:02, S-171 76 Stockholm, Sweden
Meningiomas show clinical characteristics
that vary from very benign to clearly malig-
nant with rapid invasive growth and metasta-

sis. Fast growing meningiomas appear to have
increased numbers of Ki-67 positive cells, but
other histochemical markers of aggressive
clinical behaviour are largely unknown. This
study was undertaken to analyse the gene
expression of members of the insulin-like
growth factor (IGF) family in meningiomas
showing diVerent degrees of brain invasion.
We have previously found a strong correlation
between anaplastic/atypical histopathology
and a high IGF-2/IGFBP-2 mRNA ratio in
sporadic meningiomas. A strong correlation
was also found between clinical outcome and
IGF-2/IGF binding protein 2 (IGFBP-2)
ratio.

In this study, meningiomas were selected
depending on their pattern of brain invasion
and brain oedema. The tumours comprised
three groups: (1) Benign meningiomas that
did not interfere with the arachnoid plane
and showed no oedema. (2) Benign meningi-
omas that invaded the arachnoid plane and
reached the pia mater. These tumours caused
oedema. (3) Aggressive and malignant men-
ingiomas that caused oedema and showed
brain invasion. Tissue samples were analysed
by in situ hybridisation.

The expression of IGF-2 was high in all
tumours analysed, but a clear increase in
expression was observed in group 3, with
anaplastic or aggressive meningiomas.
IGFBP-2 expression was, to our surprise,
found to be rather low in all tumours, and
there was no correlation with tumour behav-
iour. IGFBP-5 and IGFBP-6 mRNA levels
were strongly correlated with tumour behav-
iour. IGFBP-6 mRNA was highest in the
group with brain invasion; these were
patients with anaplastic or aggressive menin-
giomas. Patients with arachnoid invasion and
ensuing oedema had lower IGFBP-6 con-
centrations. Patients with intact arachnoid
membranes and no oedema had very low
concentrations of IGFBP-6. On the other
hand, IGFBP-5 mRNA was highly expressed
in the more benign group of meningiomas
and low mRNA levels of IGFBP-5 were
detected in the group with brain invasion.
These two molecules thus constitute addi-
tional molecular markers for tumour pro-
gression.

How these two molecules are regulated,
and how/if they regulate the function of
IGF-2 need to be further investigated. How-
ever, IGFBP-5 has been shown to associate
with the extracellular matrix and to be
degraded by matrix metalloproteinases
(MMPs). In this selection of meningiomas
we have found a correlation between
MMP-9 expression and brain invasion.
Higher mRNA levels of MMP-9 were found
in group 3 (patients with aggressive meningi-
omas causing oedema and showing brain
invasion) compared with group 1 and 2
meningiomas. This suggests that IGFBP-5 is
regulating the levels of IGF-2 mRNA in
more benign meningiomas, whereas MMP-9
may degrade and/or downregulate IGFBP-5
in anaplastic or aggressive meningiomas.

IGFBP-6 has a high aYnity for IGF-2 and is
here suggested to attract IGF-2 to the
tumour cells, which may result in stimulation
of new synthesis of IGF-2 in an autocrine
fashion. The overexpression of IGF-2 would
thereby increase the risk of poor patient
prognosis.

Abstract 45. A new autocrine loop
involving IGF-II and the isoform A of
the insulin receptor in thyroid cancer
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Thyroid cancer originating from the follicular
epithelium is represented by well diVerenti-
ated tumours (papillary or follicular) in over
90% of cases and by undiVerentiated tu-
mours in less than 10% of cases. Cancer
related mortality ranges from approximately
10% in diVerentiated tumours up to 100% in
undiVerentiated tumours. The mechanisms
determining thyroid cancer aggressiveness
are incompletely understood and may in-
clude local production of peptide growth fac-
tors and overexpression of cognate tyrosine
kinase receptors.

We recently observed that one of the two
insulin receptor (IR) isoforms (IR-A isoform)
is predominantly expressed in fetal tissues
and malignant cells and binds IGF-II with
high aYnity. Because IRs are overexpressed
in most thyroid tumours, in the present study
we explored the possibility that the overex-
pressed IRs could be activated by locally pro-
duced insulin-like growth factor II (IGF-II)
and could contribute to thyroid cancer
progression.

We measured IGF-II production, IR con-
tent, and the relative abundance of the two
isoforms both in normal (n = 11) and cancer
cell (n = 8) primary cultures.

IGF-II was expressed in all cancer cells
and highly expressed in anaplastic cells but
present only in trace amounts in normal
cells. IRs were overexpressed in thyroid can-
cer cell cultures as compared with normal
thyroid cell cultures (4.3–52.6 v 1.2–1.7 ng/
100 µg protein, respectively). In addition,
IRs were predominantly present as the IR-A
isoform in cancer cells and as IR-B in normal
thyroid cells. The relative IR-A abundance
ranged from 36% to 70% in cancer cells
(with the highest values in undiVerentiated
cancers) compared with 27% to 39% in nor-
mal cells. Exogeneous IGF-II caused IR
autophosphorylation with an ED50 of 1.5–
40.0 nM in cancer cells v > 100 nM in nor-
mal cells; IGF-II aYnity correlated with the
relative abundance of IR-A (r = 0.628,
p < 0.0001).

In conclusion, we identified in thyroid
cancer a novel autocrine loop involving
malignant cell IGF-II production and IR-A
overexpression. This loop, absent in normal
thyroid cells, greatly increases with cell ded-
iVerentiation and may, therefore, aVect
thyroid cancer progression and aggressive-
ness.

Table 2 Abstract 42. Relation between IGF-II scores and cell proliferation and apoptosis

IGF-II expression

Adenoma Adenocarcinoma

Apoptosis Proliferation Apoptosis Proliferation

Scores 0/1 3.6 (0.8) 18.7 (3.5) 9.3 (1.0) 54.3 (5.4)
Scores 2/3 1.4 (0.8)* 20.4 (3.6) 8.1 (0.9) 44.6 (5.0)

Values are mean (SE).
*p , 0.001.
IGF-II, insulin-like growth factor II.
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Abstract 46. Analysis of the IGF axis in
preneoplastic hepatic foci and
hepatocellular neoplasms developing
after low number pancreatic islet
transplantation into the livers of
streptozotocin diabetic rats
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Preneoplastic hepatic foci have been demon-
strated in liver acini draining the blood from
intraportally transplanted pancreatic islets in
streptozotocin induced diabetic rats with
mild persisting diabetes. In long term studies
of this animal model, hepatocellular adeno-
mas and carcinomas (HCCs) developed after
a sequence of characteristic preneoplastic
hepatic foci. In this experimental model, the
local hyperinsulinism has been suggested to
have a causative role. Because of the close link
between insulin and the insulin-like growth
factor (IGF) axis altered gene expression of
an IGF axis component is likely to occur.
Therefore, preneoplastic hepatic foci as well
as HCCs were studied for the expression of
IGF axis components. Glycogen storing,
“early” preneoplastic hepatic foci were al-
ready detectable several days after pancreatic
islet transplantation. Northern blot analysis,
in situ hybridisation, and immunohisto-
chemical studies of these early lesions dem-
onstrated an increased expression of IGF-I
and IGF binding protein 4 (IGFBP-4) in
altered parenchymal cells, whereas that of
IGFBP-1 was greatly downregulated. IGF-II
was not detectable in these preneoplastic foci.
HCCs arising in this model exhibited a
decreased expression of IGF-I and IGFBP-4,
whereas IGFBP-1 was not significantly al-
tered. Some HCCs showed a more than 100-
fold overexpression of IGF-II whereas other
tumours were completely negative. A low
IGF-I receptor expression was detected in
preneoplastic foci and adjacent non-altered
liver tissue. However, HCC tissue consist-
ently showed increased IGF-I receptor ex-
pression rendering these tissues susceptible
to the mitogenic eVects of IGFs. The altered
gene expression in glycogen storing preneo-
plastic hepatic foci, especially the upregula-
tion of IGF-I and IGFBP-4 together with a
downregulation of IGFBP-1, resemble the
insulin dependent regulation of these compo-
nents in normal rat hepatocytes. These data
are in line with previous studies demonstrat-
ing a correspondence of the focal character,
morphology, and enzymic pattern of preneo-
plastic hepatic foci with the insulin eVects on
hepatocytes. The step-wise development
from preneoplastic foci to HCCs may be
driven by insulin itself and/or altered IGF
axis components, or yet unidentified factors.

Abstract 47. Multiple genetic and
epigenetic lesions in genes at 11p15.5
and the role of IGF2 dysregulation in
Beckwith-Wiedemann syndrome
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Beckwith-Wiedemann syndrome (BWS) is a
complex fetal overgrowth syndrome result-
ing in a discrete set of developmental abnor-
malities of which large pre/postnatal size
(> 90th centile), anterior abdominal wall
defect, and macroglossia are the major
manifestations. These are frequently associ-
ated with a variety of other anomalies
including organomegaly, perinatal hypogly-
caemia, hemihypertrophy, and a predisposi-
tion to developmental tumours, particularly
Wilms’s tumour.

The syndrome occurs in both sporadic and
familial forms, both of which implicate a
cluster of imprinted genes on the distal part
of chromosome 11, 11p15.5. This cluster
includes the maternally expressed CDKN1C
cyclin dependent kinase inhibitor, KCNQ1, a
voltage gated potassium channel, H19,
IMPT-1, IPL, ASCL-2, and CD81 (in the
mouse), and the paternally expressed IGF2,
MTR1, and KCNQ10T genes. Several non-
imprinted genes lie within this cluster,
notably INS, which in humans has not been
shown to exhibit allele specific expression.
The aetiology of BWS is complex. Around
20% of sporadic cases show paternal unipa-
rental disomy for this region of chromosome
11, resulting in biallelic expression of IGF2
and silencing of other normally maternally
expressed loci; eVectively, conversion to the
paternal epigenotype. Several cases show
IGF2 loss of imprinting (LOI), in the absence
of disomy, associated with extinction of H19
expression and abnormal H19 promoter
methylation, indicating the presence of an
imprinting control centre (BWSIC1) control-
ling IGF2 and H19 imprinting at the telom-
eric end of this gene cluster. However, cases
have also been found where IGF2 LOI is
associated with normal H19 expression. This
suggests that IGF2 is further subject to con-
trol from another region: BWSIC2.

Investigation of breakpoint cluster regions
centromeric to IGF2 (BWSCR2) implicated
the very large gene KCNQ1 in the aetiology
of the syndrome. An antisense transcript
associated with a diVerentially methylated
CpG island within an intron of the gene was
found to be defective in a large number of
sporadic patients with loss of methylation
(LOM) at this position and loss of imprinting
of the antisense transcript. In some cases this
LOM at KCNQ10T is associated with LOI
of IGF2, suggesting co-regulation of imprint-
ing by a second imprinting centre: BWSIC2.
Phenotypic evidence suggests that lesions at
BWSIC2 may also be associated with LOI at
the centromere proximal CDKN1C gene.

Previous studies have suggested that BWS
patients with uniparental disomy are at
increased risk of developing developmental
tumours. It is interesting therefore that
although LOI at IGF2, an expected conse-
quence of BWSIC1 lesions, is frequently
associated with Wilms’s tumours of both syn-
dromic and sporadic origins, LOI or muta-
tion of KCNQ1OT, consistent with a
BWSIC2 lesion, is not seen, despite it being

associated with IGF2 LOI in patients with
BWS. This apparent contradiction clearly
requires further study into the specific details
of the molecular lesions in BWS subgroups,
but the conclusion that overexpression of
IGF2 is suYcient to cause these developmen-
tal tumours is clearly oversimplified. Epige-
netic extinction of CDKN1C expression
might also be expected to contribute to
tumour formation, particularly because there
is evidence of convergence of the growth
pathways controlled by IGF2 and p57KIP2.
However lesions in CDKN1C are rare in
Wilms’s tumours. It is not known whether
IGF2 LOI actually raises concentrations of
stable IGF-II protein in patients with BWS
because of a lack of appropriate fetal
material. We have undertaken an immuno-
histochemical study of IGF2 levels in a small
series of late fetal and perinatal tissues from
individuals with BWS. We demonstrate that
although concentrations of IGF-II do not
diVer dramatically from normal controls, the
expression of IGF2 is strikingly maintained in
all the tissues examined for much longer in
the later fetal period than in controls,
suggesting that a crucial factor in the
outcome of IGF2 LOI is not the concentra-
tion of peptide achieved but dysregulation of
the timing of expression.

Abstract 48. The IGF-I receptor: an
eVective therapeutic target in Ewing’s
sarcoma
K SCOTLANDI

Laboratorio di Ricerca Oncologica, Istituti Orto-
pedici Rizzoli, Bologna, Italy
Ewing’s sarcoma (ES) ranks second in
frequency among primary bone tumours. It is
an extremely aggressive, poorly diVerentiated
neoplasm of uncertain histogenesis, usually
arising in children and young adults. Despite
the use of multimodal treatments and of very
aggressive chemotherapeutic regimens, the
long term desease free survival of patients
with ES is still disappointingly low, particu-
larly in high risk groups. The identification of
valuable, new therapeutic targets for the
design of innovative, more eVective strategies
is therefore urgently needed for this tumour.
In recent years, by analysing the role of
growth factors in the pathogenesis of ES, we
have reported the autocrine production of
insulin-like growth factor I (IGF-I) and the
constant presence of its corresponding recep-
tor (IGF-IR) in ES cells. The blockage of the
IGF-IR mediated circuit by áIR3 mono-
clonal antibody (MAb), which specifically
neutralises IGF-IR, greatly inhibits the
growth and the migration ability of ES cells in
vitro, as well as their tumorigenic and
metastatic ability in vivo. A significant inhibi-
tion of ES growth has also been successfully
achieved in vivo by using suramin, a non-
specific growth factor antagonist that inhibits
several autocrine circuits, including the
IGF-IR mediated loop. Therefore, impair-
ment of IGF-IR appears to be a valuable
therapeutic approach against ES. However,
from a clinical point of view, to be of practical
value targeted therapy should be eVectively
combined with chemotherapeutic drugs. Be-
cause active IGF-IR is emerging as a power-
ful inhibitor of apoptosis induced by a variety
of agents, we have tested the eVectiveness of
strategies aimed at IGF-IR impairment to
enhance the sensitivity to anticancer agents.
We stably transfected antisense IGF-IR
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sequences or dominant negative IGF-IR
mutants into the human ES cell line TC-71.
Antisense transfectants as well as clones
expressing dominant negative IGF-IR mu-
tants showed a significantly reduced survival
and growth in anchorage independent condi-
tions, further supporting the role of IGF-IR
in ES malignancy. In addition, chemosensi-
tivity against doxorubicin and vincristin, two
leader drugs in the treatment of ES patients,
was significantly enhanced in transfectants as
well as in cells treated with áIR3 MAb. Taken
together, these findings indicate that the inhi-
bition of IGF-IR by blocking antibodies,
antisense strategies, or dominant negative
mutants of IGF-IR is a promising strategy to
be combined with conventional cytotoxic
drugs for the design of more eVective
therapeutic regimens in patients with ES.

Abstract 49. Expression of IGF-1,
IGF-1R, and IGFBP-3 in benign and
malignant thyroid tissue
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Normal cells demonstrate a strictly limited
growth potential and senescence after a
defined number of cell divisions. In contrast,
tumour cells escape from the mechanism
controlling the balance between proliferation
and cell death, and therefore often exhibit an
apparently unlimited proliferation potential.
Insulin-like growth factor 1 (IGF-1) is a major
proliferation and survival factor and the
expression of IGF-1 and the IGF-1 receptor
(IGF-1R) is implicated in the malignant
growth of many cancers. Their proliferative
activity is influenced by their binding proteins
(IGFBPs). Thyroid cancer is the most fre-
quent malignancy of the endocrine system.
Thyrocytes can develop in three diVerent
forms of malignant cancer with diVerent
growth and metastasis behaviour. The aim of
the present investigation was to study whether
the expression of IGF1, IGF-1R, and
IGFBP-3 could serve as a marker of dediVer-
entiation in human thyroid carcinomas.

Total RNA was isolated from 10 papillary,
10 follicular, and 10 undiVerentiated thyroid
carcinomas as well as 10 goitre tissues. For
reverse transcription ploymerase chain reac-
tion (RT-PCR) analysis specific primers were
used (IGF-1: sense 5'-ATC CTT CTC TCC
TCA TTC TTC-3', antisense 5'-GAT ACA
CAG ACA CAG ATA AAA G-3'; IGF-1R:
sense 5'-TCC ACA TCC TGC TCA TCT
CC-3', antisense 5'-AGA AGT CAC GGT
CCA CAC AG-3'; and IGFBP-3: sense
5'-TCA GAG CAC AGA TAC CCA G-3',
antisense 5'-ACA GCC GCC TAA GTC
AC-3'). In addition, frozen sections of all tis-
sues were prepared for immunohistochemical
staining using commercially available poly-
clonal antibodies.

RT-PCR analysis revealed that transcripts
of IGF-1, IGF-1R, and IGFBP-3 were found
in 90%, 83%, and 90% of thyroid cancers,
respectively. There was no diVerence between
the papillary, follicular, and undiVerentiated
thyroid carcinomas. IGF-1 and IGF-1R
mRNA was detected in all of the goitre
tissues. The expression of IGFBP-3 tran-
scripts was very low in goitre tissue when
compared with cancer tissues. IGF-1 immu-

noreactivity was seen in 70% and IGF-1R in
83% of tumour tissue, whereas the corre-
sponding values were 80% and 90% in the
goitre tissue. However, IGFBP-3 immunore-
activity was significantly higher in tumours
when compared with goitre tissue (77% v
30%). IGF-1 protein was located in stromal
cells as well as in thyrocytes. Our data show
that the transcript is well correlated with the
protein expression. IGF-1 and IGF-1R were
detected in most thyroid tissues but IGFBP-3
was strongly expressed in thyroid carcinomas.

The high IGFBP-3 expression in cancer
tissue might be indicative of a role for this
protein in regulating the growth of thyroid
carcinoma.

Supported in parts by Schilddrüse Forum e.V. and
the Pinguin-Stiftung, Düsseldorf

Abstract 50. Evolution of IGF-IR
signalling during breast cancer
progression
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The insulin-like growth factor I receptor
(IGF-IR) is a ubiquitous transmembrane
tyrosine kinase that may control diVerent
growth related and unrelated processes, such
as proliferation, survival, neoplastic transfor-
mation, migration, and adhesion.

Recent clinical and experimental data
implicate IGF-IR in the development of
breast cancer. IGF-IR is up to 14-fold overex-
pressed in oestrogen receptor (ER) positive
breast cancer cells compared with normal
epithelial cells. IGF-IR ligands are strong
mitogens for many breast cancer cells in vitro,
and higher concentrations of circulating
IGF-I correlate with breast cancer risk in pre-
menopausal women. In addition, increased
expression of either IGF-IR or its major
signalling substrate IRS-1 have been linked
with increased drug and radioresistance and
cancer recurrence at the primary site. In vitro
experiments demonstrated that the IGF-IR/
IRS-1/PI-3K pathway provides strong growth
and survival responses in ER positive cells.

The functions and signalling of IGF-IR in
ER negative breast cancer cells are still
obscure. ER negative tumours and cell lines
express low levels of IGF-IR, and do not
respond to IGF-I with growth. However,
despite the lack of an IGF-I mitogenic
response, the metastatic potential of ER
negative breast cancer cells can be eVectively
inhibited by diVerent compounds targeting
IGF-IR. This suggests that IGF-IR must
control some events that are crucial for meta-
static cell spread.

Consequently, we investigated the possi-
bility that in ER negative metastatic breast
cancer cells IGF-IR selectively promotes
growth unrelated processes, such as migra-
tion and invasion, but is not engaged in the
transmission of growth and survival signals.
Using ER negative MDA-MB-231 breast
cancer cells and their IGF-IR overexpressing
derivatives, we demonstrated that IGF-I acts
as a chemoattractant for these cells. The
extent of IGF-I dependent migration re-
flected IGF-IR concentrations and required
the activation of phosphatidylinositol
3-kinase (PI-3K) and p38 (but not ERK1/
ERK2) kinases. The same pathways pro-
moted IGF-I dependent motility in ER posi-
tive MCF-7 cells.

In contrast to the positive eVects on cell
migration, IGF-I was totally unable to im-
prove the growth and survival of MDA-MB-
231 cells, while it was a potent mitogen for
MCF-7 cells. Investigating the molecular
basis of this phenomenon, we found that the
impaired IGF-I mitogenicity in ER negative
cells was not caused by the low IGF-IR
expression, defective IGF-IR tyrosine kinase
activity, or improper tyrosine phosphorylation
of IRS-1. Also, the acute (15 minutes) IGF-I
stimulation of PI-3 and Akt kinases was simi-
lar in ER negative and ER positive cells. Inter-
estingly, the long term (two days) activation of
the Akt pathway occurred only in MCF-7
cells, whereas it was significantly impaired in
MDA-MB-231 cells. However, reactivation of
this pathway by overexpression of constitu-
tively active Akt mutants was not suYcient to
improve growth or survival (with or without
IGF-I) in ER negative cells, suggesting that
other (unknown) pathways are also required
for the mitogenic IGF-I response.

In summary, our results suggest that
IGF-IR function undergoes evolution during
breast cancer progression from the ER
positive to the ER negative phenotype:
growth related signalling becomes attenu-
ated, whereas non-mitogenic processes such
as migration are still under IGF-IR control.

Abstract 51. The importance of the
IGF-I system for cell proliferation,
apoptosis, and chemoresistance
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The insulin-like growth factor (IGF) system
encompasses several proteins that form a
highly regulated network of interactions. A
simplified representation of the IGF system
lists three receptors (IGF-IR, IGF-IIR, and
the insulin receptor), three ligands (IGF-I,
IGF-II, and insulin), at least six IGF binding
proteins (IGFBPs), and various binding pro-
tein proteases.

IGF-I exerts pleotropic eVects on mam-
malian cells via stimulation of its receptor, a
receptor tyrosine kinase. In vivo, IGF-I acts
both as a local tissue growth factor and as a
circulating hormone. In oncological research,
IGF-I has received increased attention be-
cause the activated IGF-I/IGF-IR system
displays proliferative and anti-apoptotic
properties in various cell types by stimulating
distinct intracellular signalling pathways. Re-
cent case control studies have found an
approximate 10% increase in IGF-I serum
concentrations in patients with lung, pros-
tate, and breast cancer. These studies indicate
an association between serum values and
cancer risk. However, causality has not been
established yet. Recent data, including our
own on testicular carcinoma cell lines,
suggest that the anti-apoptotic eVect of IGF-I
may mediate resistance to chemotherapeutic
drugs in vitro and in vivo. Additional
evidence for a role of the IGF-I system in the
apoptotic network comes from the observa-
tion that the tumour suppressor gene p53
regulates the expression of the IGF-IR. In our
cell line system, we observed an upregulation
of p53 and downregulation of IGF-IR
(â-chain) subsequent to the exposure to
cytotoxic concentrations of cisplatin, which is
accompanied by a significant induction of
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apoptosis. Notably, besides its regulating
properties on the IGF-I receptor, p53 pos-
sesses a direct binding site in the IGFBP-3
promotor. Thus, IGFBP-3 could contribute
to the p53 dependent apoptosis in response
to DNA damage. In summary, because of its
possible role as a cancer risk factor and its
functional properties in regulating the apop-
totic machinery, targeting the IGF-I/IGF-IR
system could serve as an approach in cancer
prevention and to overcome clinical drug
resistance in certain tumours.

Abstract 52. IGF signalling system in
acute lymphoblastic leukaemia: new
aspects in gene expression
P VORWERK, H WEX, B HOHMANN, K MOHNIKE, U

MITTLER
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Guericke-University, Magdeburg, Germany
The role of insulin-like growth factors (IGFs),
their specific binding proteins (IGFBPs), and
binding protein related proteins (IGFBP-rPs)
has been shown to be an integral part of the
growth promotion in several neoplasms.
Based on our previous reports about raised
IGFBP-2 serum values in children suVering
from acute lymphoblastic leukaemia (ALL)
we studied the gene expression of members of
the IGF signalling system in malignant
lymphoblasts of these patients.

Bone marrow samples from more than 130
patients with ALL were investigated by
reverse transcription polymerase chain reac-
tion (RT-PCR). We found that at diagnosis
IGFBP-2 was expressed in the malignant
lymphoblasts of more than 60% of all ALL
patients. In contrast to these findings, we
found that only 30% of mononuclear cells
were positive for IGFBP-2 expression in con-
trols. We also demonstrated a clear correla-
tion between IGFBP-2 expression in leukae-
mic cells and relapse in our patients. Eighty
nine per cent of patients with a haematologi-
cal relapse expressed IGFBP-2 in their
lymphoblasts at diagnosis. Therefore, we
conclude that there is a direct link between
raised serum IGFBP-2 values in ALL pa-
tients, the expression of IGFBP-2 mRNA in
the malignant lymphoblasts, and the relapse
risk in these patients.

Furthermore, significant correlations of
immunological subtype and the expression of
components of the IGF signalling system
were observed. Eighty five per cent of all lym-
phoblasts with a T cell origin were found to
be IGFBP-2 positive, whereas 95% of all
lymphoblasts with a T cell origin were nega-
tive for CTGF/IGFBP-rP2 expression.

Abstract 53. Determinants of
circulating IGF-I and IGFBPs 1–3 in
premenopausal women: physical
activity and anthropometry
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Experimental studies in animals and cell lines
have shown that insulin-like growth factor I

(IGF-I) is a potent mitogenic and anti-
apoptotic agent, and IGF binding protein 3
(IGFBP-3) can increase apoptosis independ-
ent of IGF-I. In the circulation about 95% of
IGF-I is bound to IGFBP-3 and a small pro-
portion to IGFBP-1 and IGFBP-2. Epide-
miological studies suggest that subjects with
high serum concentrations of IGF-I and low
concentrations of IGFBP-3 have a higher risk
of colorectal cancer, prostate cancer, and
premenopausal breast cancer. Endocrine
IGF-I and IGFBP1–3 values are not only
influenced by growth hormone and age, but
also by lifestyle factors and biological risk
factors. The aim of our study was to assess
whether physical activity and anthropometry
are determinants of the endocrine IGF axis in
a population of premenopausal women of
similar age.

We conducted a cross sectional study in a
population of 225 premenopausal women
from the Prospect-EPIC study in the Nether-
lands. Highly active and highly inactive women
were oversampled (n = 50 and n = 48, respec-
tively). Concentrations of IGF-I, IGFBP-1,
IGFBP-2, and IGFBP-3 were determined in
non-fasting baseline plasma samples using
immunoradiometric assays. On the day of
baseline blood collection (1995–1997) height,
weight, and waist and hip circumference were
measured and information on habitual physi-
cal activity was assessed using a self adminis-
tered questionnaire.

Mean concentrations of plasma IGF-I,
IGFBP-1, IGFBP-2, and IGFBP-3 were
156.1, 14.3, 434.4, and 3062 ng/ml, respec-
tively. The concentration of IGF-I correlated
with the concentration of IGFBP-3 (r = 0.58;
p < 0.001) and inversely correlated with con-
centrations of IGFBP-1 and IGFBP-2
(r = −0.26 and r = −0.29, respectively;
p < 0.001). We observed lower plasma con-
centrations of IGF-I and IGFBP-3 in women
in the low tertile of weight compared with
those in the upper tertile (IGF-I: 145 ± 50 v
161 ± 55, p = 0.07; IGFBP-3: 2942 ± 450 v
3134 ± 463, p = 0.01). In contrast, concen-
trations of IGFBP-1 and IGFBP-2 were
highest in women in the low tertile of weight.
Similar results were found when women were
grouped according to tertiles of body mass
index, waist circumference, and waist to hip
ratio. Women with a high physical activity
score, composed of household work, sports,
and other leisure time activities, also had
somewhat lower IGF-I and IGFBP-3 con-
centrations and significantly higher IGFBP-1
and IGFBP-2 concentrations than women
with a low physical activity score. Similar
trends were observed with hours each week
spent on sports activities between ages 20 and
40. If time permits, preliminary results will be
presented for molar ratios of IGF-I and
IGFBP1–3, and for C-peptide and other diet
related factors.

Our data suggest that a lean body shape
and active lifestyle are associated with lower
plasma concentrations of IGF-I and
IGFBP-3 and with higher concentrations of
IGFBP-1 and IGFBP-2. Bias in the assess-
ment of physical activity by our questionnaire
may explain why results are somewhat less
consistent for physical activity. If future stud-
ies support a causal association between
circulating concentrations of IGF-I (and
binding proteins) and cancer risk, determi-
nants of the endocrine IGF axis such as body
size/shape, physical activity, and possibly
dietary factors may provide new approaches
for prevention strategies for several types of
cancer.

Abstract 54. Structure of the insulin and
IGF-1 receptors
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The insulin and epidermal growth factor
(EGF) receptor families share considerable
sequence identity. Their ectodomains have a
similar arrangement of two homologous
domains (L1 and L2) separated by a Cys rich
region. The C-terminal half of the insulin
receptor (IR) ectodomain is comprised of
three fibronectin type 3 repeats, and an insert
domain that contains the á-â cleavage site.
The C-terminal portion of the epidermal
growth factor receptor (EGFR) ectodomain
consists solely of a second Cys rich region.
The insulin and EGF receptors from some
primitive multicellular organisms possess
additional domains in both their extracellular
and cytoplasmic regions.

We are engaged in an investigation of the
structure of members of the insulin receptor
family. We have shown that there is a single
disulphide linking the á and â chains of human
IR and at least two á-á disulphides involved in
dimer formation. Single molecule electron
microscope imaging of IR and IR–Fab com-
plexes has revealed that the IR dimer resem-
bles a compact U-shaped prism
(90 × 110 × 120 Å), where the L1–cysteine
rich–L2 domains occupy the upper (mem-
brane distal) region and the six fibronectin
type 3 and two insert domains are located pre-
dominantly in the membrane proximal third.

Crystallisation of members of the IR fam-
ily is hampered by the high level of glycosyla-
tion and attempts to obtain structural data
from whole ectodomain have been unsuc-
cessful. A fragment (residues 1–462) com-
prising the L1–cysteine-rich–L2 region of the
IGF-1R ectodomain has been crystallised2

and its structure determined to 2.6 Å resolu-
tion. The L domains each adopt a compact
shape consisting of a single stranded right
handed â-helix. The cysteine rich region is
composed of eight disulphide bonded mod-
ules, seven of which form a rod shaped
domain with modules associated in a novel
manner. At the centre of this extended struc-
ture is a space, bounded by all three domains,
and of suYcient size to accommodate a
ligand molecule.

Abstract 55. IGF system and
adrenocortical cancer
M M WEBER

1, A HOEFLICH
2, C FOTTNER

1, E WOLF
2

1Laboratory of Endocrine Research,University of
Cologne, Germany; 2Institute of Molecular Ani-
mal Breeding, Gene Center, Munich, Germany
The insulin-like growth factor (IGF) system
is involved in the regulation of growth and
diVerentiation of the adrenal gland. IGF
ligands, receptors, and binding proteins are
synthesised by adrenal glands of various spe-
cies, and both IGFs induce steroidogenesis
and mitogenesis in adrenocortical cells in
vitro. Furthermore, there is substantial evi-
dence that the IGF system is involved in
adrenal tumorigenesis.

Overexpression of IGF-II has been found
in human adrenocortical carcinomas (Gic-
quel et al. J Clin Endocrinol Metab
1994;78:1444), and recently we have demon-
strated an overexpression of the intact IGF-I
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receptor in three out of four adrenocortical
cancers while the abundance of the IGF-I
receptor in benign adrenal tumours was simi-
lar to normal tissue (Weber et al. Eur J Endo-
crinol 1997;136:296). However, the mech-
anism and functional relevance of the
overexpression of IGF-II, and the IGF-I
receptor in adrenocortical carcinomas re-
mains unknown at present. To evaluate the
eVect of raised concentrations of IGF-I
receptors on adrenocortical cell growth, we
stably transfected the cDNA of the intact
human IGF-I receptor into the mouse
adrenocortical tumour cell line Y1. Overex-
pression of IGF-I receptors in Y1 adrenocor-
tical tumour cells was able to induce IGF
dependent cell growth and to antagonise the
antiproliferative eVect of adrenocortico-
trophin (ACTH) in vitro. Furthermore, we
assessed the influence of IGF-II on in vivo
adrenal growth and function in transgenic
PEPCK–IGF-II mice, which postnataly over-
express IGF-II. In these mice, postnatal over-
expression of IGF-II induced a significantly
increased adrenal weight and raised corticos-
terone serum values, presumably through a
paracrine mitogenic eVect of IGF-II on
adrenocortical fasciculata cells (Weber et al.
Endocrinology 1999;140:1537). It therefore
seems evident that high local levels of IGF-II
in combination with raised IGF-I receptor
concentrations would represent a significant
growth advantage of the adrenocortical carci-
noma cell and thus could contribute to the
highly malignant phenotype of this rare type
of cancer. However, the fact that the de-
scribed PEPCK–IGF-II mice did not develop

macroscopically obvious tumours over a
period of 18 months suggests that IGF-II
overproduction by itself is not suYcient for
malignant transformation, and that addi-
tional factors are required for tumorigenesis.
Recently, increased concentrations of IGF
binding protein 2 (IGFBP-2) have been
observed in human malignancies including
adrenocortical carcinomas (Boulle et al. J
Clin Endocrinol Metab 1998;83:1713). To elu-
cidate the functional consequences of
adrenocortical IGFBP-2 overexpression, we
have stably transfected the cDNA of murine
IGFBP-2 in Y1 mouse adrenocortical
tumour cells. Overexpression of IGFBP-2
was associated with enhanced cell prolifera-
tion and colony formation, which was inde-
pendent of exogenous IGFs (Höeflich et al.
Cancer Res 2000;60:834). These data suggest
that raised concentrations of IGFBP-2 might
contribute to the highly malignant phenotype
of adrenocortical cancer by a so far unknown,
presumably IGF independent, mechanism.

Abstract 56. The IGF/IGFBP system in
CNS malignancy
W ZUMKELLER

1, D MÜLLER
2, R BIERNOTH

3, M

WESTPHAL
3

1Department of Pediatrics, Martin-Luther-
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versity Hospital Eppendorf, Hamburg, Germany

Insulin-like growth factor I (IGF-I) and
IGF-II are involved in the regulation of brain
development and are thought to play a pivotal
role in the proliferation of brain tumours. The
expression of IGF-I, IGF-II, and the type I
and type II IGF receptors were studied in a
panel of 30 glioma cell lines by PCR analysis.
PCR analysis revealed signals in 19 of 28 cell
lines for IGF-I, 27 of 30 for IGF-II, 19 of 28
for the IGF-I receptor (IGF-IR), and 22 of 28
glioma cell lines for IGF-IIR. In addition, the
secretion of IGF peptides was analysed by
radioimmunoassay. Whereas immunoreactive
IGF-I was below the level of detection,
immunoreactive IGF-II values ranged from
125 to 5000 ng/ml supernatant. IGF receptor
status and binding characteristics were estab-
lished by Scatchard analysis. Proliferation
assays showed diVerent eVects of IGFs and
IGF analogues on the proliferation of these
cell lines. Des-(1-3)IGF-I showed an unex-
pected inhibitory activity on glioma cell pro-
liferation.

Crosslinking studies showed both cyto-
plasmic (CYT) and membrane bound (MB)
IGFBPs as well as IGF-IIR proteins. MB
IGFBPs with a molecular mass of 44, 50, and
50–60 kDa were found, whereas CYT
IGFBPs did not exhibit the latter species.
We have demonstrated the presence of IGFs
and their receptors in a subgroup of glioma
cell lines and suggest that the IGF system is
involved in tumour growth regulation in vitro.
IGFs may serve as progression factors
upregulating growth in gliomas, and as
survival factors blocking a common late
intracellular apoptosis pathway.

Correspondence to: Dr Zumkeller, Martin-Luther-University, Halle-Wittenberg, University Hospital, Department of Paediatrics, Ernst-Grube-
Str. 40, 06097 Halle/Saale, Germany
walter.zumkeller@medizin.uni-halle.de
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