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Abstract

In neuroblastoma cells, survival and proliferation are dependent upon the insulin-like growth factor (IGF) system. IGFs actively
participate in cell growth, whereas IGFBP-6, is associated with the arrest of growth. With a view to blocking IGF-II action, we
produced recombinant human IGFBP-6 capable of binding IGFs with affinities between 1.23 and 6.36x10° M~!. Ex vivo mitogenic
activities were tested on two human neuroblastoma cell lines, in which 100 ng/ml IGFBP-6 completely abolished the effects of both
endogenous and exogenous IGF-II. In vivo, nude mice previously injected with neuroblastoma cells were submitted to either 15
daily injections of 4-20 pg IGFBP-6 or implantation of mini-pumps diffusing 20-100 pg IGFBP-6 over 2 weeks. The result was an
average 18% reduction in the incidence and development of tumours. Delivery of the IGFBP-6 via mini-pumps also delayed
tumour appearance by 615 days. Our results therefore show the involvement of IGFBP-6 in neuroblastoma cell growth, both ex

vivo in terms of proliferation and in vivo in terms of tumour development.
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1. Introduction

The insulin-like growth factors (IGF-I and IGF-II)
are powerful mitogens in numerous cell types, including
neuroblastoma cells [1,2]. Neuroblastomas are child-
hood tumours of varying severity, that are formed by
neural crest cells and sometimes regress spontaneously
without chemotherapy [3]. The implication of IGFs in
cancer development is amply documented [4,5]. Their
mitogenic effects are mediated by the type 1 IGF recep-
tor (IGF-IR), a membrane receptor with tyrosine kinase
activity [6] which is directly involved in cell transforma-
tion and proliferation and protection against apoptosis
[7-9]. The close association of the IGF system with neu-
roblastoma cell proliferation (reviewed in Ref. [10]) is
reflected in the ability of the N-myc oncogene to increase
the expression of IGF-IR [11] and activate its signalling
pathway [12]. Another receptor, known as type 2, is
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identical to the cation-independent mannose-6-phos-
phate receptor which mediates IGF-II clearance [13].

In biological fluids, IGFs are non-covalently bound to
high-affinity binding proteins (IGFBPs), of which six
distinct molecular species have been identified [14]. By
binding IGFs, these IGFBPs prolong their half-lives
and modulate their biological action in metabolic reg-
ulation, development, cell growth and tumorigenesis
[15,16]. The IGFBPs are also known to have intrinsic
intracellular activities that are divorced from IGF-
binding, by which they may inhibit cell proliferation or
transformation, or induce apoptosis [17,18]. Each of the
IGFBPs has individual expression profiles and struc-
tural characteristics, hence specific properties [19]. In
the case of IGFBP-6, it is a 30-kDa, O-glycosylated
protein whose affinity for IGF-II is 100-fold that of
IGF-IR [20]. It was originally identified in cerebrospinal
fluid, but is expressed ubiquitously. Its expression is sti-
mulated by retinoic acid [21], cortisol [22], IGF [23], and
vitamin D [24], all of which induce cell differentiation
and/or the arrest of proliferation [25].

Under basal conditions, neuroblastoma cells produce
IGF-1I, IGFBP-2 and small quantities of IGFBP-4
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[23,26,27]. When they cease proliferating, IGFBP-6
expression is strongly stimulated [23,26] and in neuro-
blastoma cells transfected with a vector promoting con-
stitutive IGFBP-6 expression, proliferation and
tumorigenic potency are depressed [28].

Since IGF-II is necessary for neuroblastoma pro-
liferation, our aim in the present study was to block
IGF-II action with specificity and high affinity. We
therefore produced recombinant (r) IGFBP-6 with
strong affinity for IGF-II and tested its effects first on
the mitogenic action of IGFs in cultured neuroblastoma
cells and, more especially, on the development of xeno-
grafts in nude mice previously submitted to sub-
cutaneous (s.c.) injection of neuroblastoma cells.

2. Materials and methods
2.1. Construction of the IGFBP-6-expression vector

The IGFBP-6 cDNA encoding the mature protein
lacking the signal peptide and amplified by poly-
merase  chain  reaction (PCR) wusing the
5CGCGGATCCCGGTGCCAGGCY (forward) and
5SCGCGAATTCGGTTTGACCCCAAGC3 (reverse)
oligonucleotides was inserted in the pGEX-6P-1 expres-
sion vector from Amersham Pharmacia Biotech, fol-
lowing digestion with BamHI and EcoRI. The
orientation of the insert was confirmed by restriction
mapping using enzymes cutting the insert once and the
vector once. The sequencing was carried out by mwg
(Les Ulis, France) to confirm that no errors had been
introduced during the PCR step.

2.2. Preparation and purification of IGFBP-6

rIGFBP-6 or glutathione-S-transferase (GST) were
purified from 500-ml cultures of Escherichia coli BL21
bacteria induced by overnight treatment with 0.1 mM
isopropyl-beta-D-thiogalactopyranoside (IPTG) at an
optical density (OD)=1 to 600 nm. The pellet was
resuspended in 10 ml of 10 mM Tris—HCI pH 8, 150 mM
NaCl, 1 mM ecthylene diamine tetra acetic acid (EDTA)
containing a cocktail of protease inhibitors (Boehringer,
Mannheim, Germany), then incubated for 15 min at
4 °Cin 100 pg/ml lysozyme, 5 mM dithiothreitol (DTT),
1.5% sarkosyl. Thereafter, the bacteria were lysed by
sonication until the medium became translucid. The
supernatant recovered after centrifugation, was incu-
bated overnight at 4 °C with 5% glutathione Sepharose.
Thereafter, the glutathione Sepharose beads were rinsed
twice in phosphate-buffered solution (PBS) and either
incubated with 10 mM glutathione (Bochringer), 50
mM Tris—HCI pH 8, to elute the GST, or resuspended
in 1 ml 50 mM Tris—HCI pH 7, 150 mM NaCl, | mM
EDTA, | mM DTT for separation of IGFBP-6 by

incubation with 20 units of Precision Protease (Amer-
sham Pharmacia Biotech) for 4 h at 4 °C.

Proteins were quantified by the Bradford method
using the Bio-Rad Protein Assay (BioRad, Hercules,
CA, USA).

2.3. Competitive binding studies

The techniques used have been described in detail
elsewhere in Ref. [29]. Briefly, 1-100 ng rIGFBP-6 were
incubated at 4 °C in 0.1 M sodium phosphate buffer pH
7.5, 0.1% bovine serum albumin (BSA) with 2’ [-IGF-1
or '25[-IGF-IT (2500 counts per minute (cpm)) in a total
volume of 0.4 ml/tube in order to determine the amount
of IGFBP-6 yielding 25% binding. IGFs provided by
Ciba Geigy Ltd (Basel, Switzerland) were iodinated in
the laboratory using the chloramine T method. After
18-24 h, free and bound IGFs were separated using
albumin-coated charcoal.

The concentration of IGFBP-6 vyielding 20-25%
binding of labelled IGF was then used in a competitive
binding experiment using '>’I-labelled IGFs (2500 cpm
per tube) and increasing concentrations of unlabelled
IGFs. Conditions of incubation and separation were the
same as above. Bound labelled IGF was determined
after subtraction of non-specific binding obtained with
400 nM unlabelled IGF, which was 6-8% of the total
counts. Equilibrium association constants were calcu-
lated from Scatchard analyses.

2.4. Cell culture

Cells derived from IGR-N-91 [30] and SK-N-SH [31]
neuroblastomas were provided by J. Bénard (Institut
Gustav Roussy, Villejuif, France). The cell lines were
grown in Dulbecco’s Modified Eagle Medium (DMEM)
(Life Technologies, UK) supplemented with 10% heat-
inactivated fetal calf serum (FCS) in the presence of 100
IU/ml penicillin, 1 pg/ml amphotericin B and 10 pg/ml
gentamicin. Cultures were grown in a humidified incu-
bator at 37 °C, with 5% CO, atmosphere. At the end of
the exponential growth phase, cells were trypsinised
using 0.05% trypsin-EDTA (DIFCO, Detroit, MI,
USA) and seeded at 2x10* cells/cm?.

In the experiments to study the mitogenic effects of
IGFs, cells were treated simultaneously for 24-72 h with
20 ng/ml IGF-II (Ciba Geigy), or 10 ng/ml des(1-
3)IGF-I that does not bind the IGFBPs (Gropep, Ade-
laide, Australia) or 5 ng/ml basic fibroblast growth fac-
tor (bFGF) (Sigma Chemical Company) and 100 ng/ml
rIGFBP-6 or 100 ng/ml GST.

2.5. [*C]-thymidine uptake

Cells were cultured in 48-well plates and 1 pCi ["C]-
thymidine added for the final 15 h of culture. They were
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then rinsed five times with PBS and lysed using 100 ul
0.6 N NaOH per well for 34 h at 37 °C. Liquid scintil-
lation counting was used to determine the amount of
radioactivity incorporated into DNA. For each condi-
tion, results for IGFBP-6-treated cells were corrected
for those obtained with GST-treated cells (controls).
Each point is the mean of three independent experi-
ments realised with at least three points.

2.6. Analysis of IGFBP-6 by silver staining and western
immunoblotting

The conditioned media were desalted on Sephadex
G25 columns, lyophilised and analysed by western
immunoblotting as previously described in Ref. [32].
Briefly, 1 ml equivalent of each sample, or 10 ul mouse
serum, or 100 ng rIGFBP-6 were submitted to 11%
sodium-dodecyl sulphate polyacrylamide gel electro-
phoresis (SDS-PAGE) under non-reducing conditions.

For silver staining, the gels were fixed twice for 30 min
in 10% trichloroacetic acid (TCA), rinsed twice in
50%/MeOH-12% acetate for 30 min, twice for 20 min
in water, once for 15 min in 1% glutaraldehyde, twice
for 20 min in water, incubated with 0.8% silver for 15
min, water for 15 min, citric acid/formaldehyde for 10
min, then rinsed in 1/100 water/glacial acetic acid for 1
min.

For immunoblotting, the secreted proteins were elec-
trotransferred onto nitrocellulose membranes which
were then saturated and incubated at 37 °C for 1 h with
anti-human IGFBP-6 polyclonal antibody (Santa Cruz
Biotechnology, CA, USA) at a 1/1000 dilution. The
membranes were rinsed, then incubated for 45 min with
goat polyclonal anti-rabbit immunoglobulin G antibody
coupled to horseradish peroxidase (Sigma Chemical
Company, St Louis, MO, USA) at a 1/10,000 dilution.
Horseradish peroxidase oxidation of luminol yields
chemiluminescence, from which the specific IGFBP-
antibody complexes can be visualised (enhanced chemi-
luminescence (ECL) western blotting detection system,
Amersham Pharmacia Biotech).

2.7. Nude mouse experiments

107 IGR-N-91 neuroblastoma cells were injected into
the flanks of female nude mice aged 6 weeks (SP Swiss
nude mice; origin: K. Hansen, NIH, Bethesda, MD,
USA). Two to five weeks later, the mice were subjected
either to 15 daily intraperitoneal (i.p.) injections of 4-20
png IGFBP-6 or GST (control) or to implantation for 15
days of osmotic mini-pumps 1002 (Alzet, CA, USA)
diffusing 20-100 pg IGFBP-6 or GST (control). The
pumps were removed 2-3 weeks later and the mice
inspected for xenografts. Implantation and removal of
the pumps was carried out under anaesthesia (0.05%
ketamine, 0.2% xylasine, 0.3% pentobarbital). The mice

were examined 2-3 times a week for up to 3 months
after injection of the cells and xenografts measured
using callipers according to the National Cancer Insti-
tute formula, V= L(cm)xI? (cm)/2, where L is the lar-
gest and 7 the smallest diameter of the tumour.

Authorisation (no. 3300) for the experiments on nude
mice was obtained from the Ministére de I’Education
National, de la Recherche et Technologie.

3. Results
3.1. Purification of a functional IGFBP-6 preparation

Via the GST on the N-terminal end, the fusion pro-
tein was purified on glutathione-Sepharose beads
(Fig. 1a, lane 2) and proteolysis at the site specifically
recognised by the Precision Protease released an intact
protein of approximately 30 kDa (Fig. la, lane 1). A
bacterial culture of 500 ml yielded 0.5-3 mg protein
recognised by the anti-IGFBP-6 antibody in immuno-
blotting. Silver staining of the gels demonstrated the
lack of contamination of the preparations (Fig. 1a).
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Fig. 1. Qualitative analysis of recombinant insulin-like growth factor
binding protein-6 (IGFBP-6). (a) 100 ng rIGFBP-6 (lanes 1) or glu-
tathione-S-transferase (GST)/IGFBP-6 fusion protein (lanes 2) were
loaded onto 11% acrylamide gels and immunoblotting carried out
using polyclonal antibody that specifically recognises IGFBP-6. All
the proteins present in the extracts were revealed by silver staining of
the gels. (b) Competitive binding studies were performed using 50 ng
rIGFBP-6 and 2500 cpm labelled insulin-like growth factor (IGF).
Bound labelled IGF was displaced using increasing quantities of
unlabelled IGF. B/F, bound/free.
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The affinities of the recombinant protein for IGFs in
liquid medium were between 1.23x10° and 6.36x10°
M~! (Fig. 1b).

3.2. Effects of IGFBP-6 on ex vivo growth of
neuroblastoma cells

After 24 h in serum-free medium, the IGR-N-91 and
SK-N-SH cells were treated with either 20 ng/ml IGF-II
or 10 ng/ml des(1-3)IGF-1 that does not bind the
IGFBPs, in the presence or absence of 100 ng/ml
IGFBP-6 (or 100 ng/ml GST in controls). Cell pro-
liferation was measured by ['*C]-thymidine incorpora-
tion into DNA in three separate experiments where the
mitogenic response to IGF-1I was reduced by 54+£8%
in IGR-N-91 cells and by 404+10% in the SK-N-SH
cells, whereas des(1-3)IGF-I effect was not inhibited in
the presence of IGFBP-6 (Fig. 2a). At 100 ng/ml,
IGFBP-6 reduced basal proliferation by 44+5% in
IGR-N-91 cells, and 10£2% in the SK-N-SH cells.
There was a positive dose—response relationship, 400
ng/ml IGFBP-6 yielding 75% inhibition. Similar results
were obtained in simultaneous experiments using 5 ng/
ml bFGF to stimulate cell proliferation (Fig. 2b). The
above results were obtained for measurements 48 h after
the beginning of treatment. Those after 24 and 72 h were
similar, but with larger interexperimental variations.

The resistance of rIGFBP-6 to proteolysis was
checked between 24 and 72 h and IGFBP-6 found to be
intact throughout all experiments (Fig. 3a). Parallel
analysis of media conditioned by control (GST-treated)
cells for 72 h revealed no IGFBP-6.

3.3. Effects of IGFBP-6 on xenograft development and
growth in nude mice

107 IGR-N-91 cells were injected s.c. into nude mice
(day 0), earlier experiments having shown that these
cells are tumorigenic [28,30]. In three series of experi-
ments, osmotic mini-pumps were implanted s.c. in the
anaesthetised mice 2 weeks after the injection of the
cells. With 20 pg protein in the mini-pumps, 100% of
control (GST-treated) and test (IGFBP-6-treated) mice
developed tumours, but the time required for tumours
to reach the same size was 6-8 days longer in the test
animals. With 100 pg protein in the mini-pumps, 10—
20% fewer test mice developed tumours. When the
pumps were implanted 5 weeks after injection of the
cells, at a time when xenografts should become palp-
able, there were again 20% fewer test mice than controls
that developed tumours. Here, the time difference to
attain the same size of tumour was 10-15 days. Fig. 4
shows a graphical representation of mean tumour
volume over time, showing that once the tumours had
developed, their growth was the same in the test and
control animals.
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Fig. 2. Effects of insulin-like growth factor binding protein-6 (IGFBP-
6) on neuroblastoma cell proliferation. (a) Cells were deprived of
serum for 48 h, then treated with 20 ng/ml IGF-II or 10 ng/ml des(1-
3)IGF-I in the presence or absence of 100 ng/ml rIGFBP-6 (BP6) (or
100 ng/ml glutathione-S-transferase (GST) in controls). (b) The same
type of experiment was run using SK-N-SH cells treated with increas-
ing concentrations of rIGFBP-6 with or without 5 ng/ml bFGF. ['*C]-
thymidine incorporation into DNA was measured using a beta counter
and results compared with control conditions (=100%). The results
represent the means+standard errors of the mean (S.E.M.) for three
series of experiments. The unpaired Student’s s-test was used for the
statistical analysis, **P <0.05, ***P <(.001 for IGFBP-6-treated ver-
sus untreated cells.

Three sets of experiments were performed in which the
mice received 15 daily i.p. injections of 4-20 pg GST or
IGFBP-6, starting from 2 weeks after injection of the cells.
No difference was seen between test and control animals
in either the timing of appearance or growth of tumours,
but 80% of IGFBP-6-treated mice as opposed to 100% of
controls developed tumours (Table 1).

The sera of i.p. injected mice were checked for
rIGFBP-6 which was present 3 h later (Fig. 3b, lane 2),
but not detectable after 24 h (Fig. 3b, lane 3). No
IGFBP-6 was found in the sera of control animals.

4. Discussion

IGFs, and especially IGF-II, are known to be inti-
mately involved in proliferation in many cell types, as in
neuroblastoma-derived cells [33-35], and IGFBPs are
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Table 1
Percentages of mice developing tumours

Delivery method Intraperitoneal injection Implanted osmotic mini-pump

Weeks after injection of cells 2 2 5
Experiment 1 2 3 1 2 3 4

Protein dosage (1g) 4 20 20 20 100 100 100
Protein C BP6 C BP6 C BP6 C BP6 C BP6 C BP6 C BP6
Number of mice with tumours 10 8 10 8 10 8 10 10 7 6 8 6 8 6
Lag time (days) None None None 6-8 6-8 8-10 10-15

Mice without tumours 3.5 months after injection of IGR-N-91 cells were counted as negative. Mean lag times were determined for tumours to
develop to the same size in the insulin-like growth factor binding protein-6 (IGFBP-6)-treated mice and controls. IGFBP-6 (BP6) or glutathione-S-
transferase (GST) (C) were delivered either by daily intraperitoneal (i.p.) injection for 15 days, or via s.c. implanted osmotic mini-pumps diffusing

the dosage over 15 days.

known to modulate their action [15,16]. Numerous in
vivo and in vitro studies have demonstrated that in cer-
tain cancers IGFBP-2 expression and IGF-II expression
increase in parallel and the two peptides have been cited
as markers for colorectal adenoma [36]. These two
components of the IGF system are further linked in that
IGF-II induces IGFBP-2 expression at the transcrip-
tional level [37]. It has been proposed that IGFBP-2 is
associated with cell proliferation not only via IGF-
independent mechanisms, but also directly by binding
or releasing IGF-II and promoting its action [38,39]. In
neuroblastoma cells, previous studies showed a shift
between IGFBP-2 and IGFBP-6 expression during the
transition from proliferation to differentiation. In most
studies, IGFBP-6 is described as an inhibitor of cell
proliferation, blocking the mitogenic effects of (endo-
genous and exogenous) IGF-II, essentially through

(a)
Hours 24 48 72 72

rIGFBP-6 G
(b) 1 2 3 4
- r}GFBP-G
Mice C IGFBP-6

Fig. 3. Immunoblot analysis of rIGFBP-6 resistance to degradation.
(a) 1 ml equivalent of medium conditioned by cells treated with 100
ng/ml rIGFBP-6 or glutathione-S-transferase (GST) (C) was sub-
mitted to electrophoresis and insulin-like growth factor binding pro-
tein-6 (IGFBP-6) revealed by its binding to a specific polyclonal
antibody. (b) 10 pl nude mouse serum was submitted to electrophor-
esis 3 h (lanes 1 and 2) and 24 h (lane 3) after intraperitoneal (i.p.)
injection of 20 pg GST (lane 1) or rIGFBP-6 (lanes 2 and 3). In lane 4,
100 ng rIGFBP-6 was loaded to check migration.
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Fig. 4. Xenograft development in nude mice after injection of IGR-N-
91 cells. In each set of experiments, 107 IGR-N-91 neuroblastoma cells
were injected subcutaneously (s.c.) into 10 nude mice. An osmotic
mini-pump diffusing 100 pg rIGFBP-6 (shaded symbols) or glu-
tathione-S-transferase (GST) (open symbols) over 14 days was
implanted under the skin near the point of injection. In three sets of
experiments, pumps were implanted 2 weeks after injection (= 1), then
left in place for three weeks (upper graph, dotted lines, round sym-
bols). Insulin-like growth factor binding protein-6 (IGFBP-6) diffu-
sion was stopped by removing the pumps (=S). In one set of
experiments, pumps were implanted 5 weeks after injection and left in
place for 2 weeks (lower graph, full lines, square symbols). Tumour
volume was measured using callipers (see Materials and methods).



D. Seurin et al. | European Journal of Cancer 38 (2002) 2058-2065 2063

sequestration [23,40,41]. We have also shown that in
stably transfected IGFBP-6-producing neuroblastoma
cells, proliferation and tumorigenicity are reduced [28].
This is consistent with the findings of Sueoka and col-
leagues that the IGFBP-6 secreted by adenovirus-trans-
fected non-small carcinoma lung cells potently induces
programmed cell death and that IGFBP-6 inhibits pro-
liferation in human bronchial epithelial cells [42,43].

In view of these observations, our aim was to prepare
recombinant human IGFBP-6 and test the effects of
pre-determined amounts of the protein on the growth
and tumorigenic potency of neuroblastoma cells. A
GST/IGFBP-6 fusion protein was produced in BL21 E.
coli and purified on glutathione columns via the GST
moiety on the N-terminal portion of the fusion protein.
The GST was then removed to yield the remaining
mature IGFBP-6. Characterisation of this IGFBP-6
showed it migrating at the expected size (around 30
kDa) in immunoblotting and having affinities for the
IGFs between approximately 1 and 6x10° M~!, which
is of the same order of magnitude as the affinity for
IGF-I of IGFBP-6 purified from cerebrospinal fluid or
cultured eukaryote cells [20,44]. However, we did not
obtain the 100-fold affinity for IGF-II, since our protein
was non-glycosylated. It was nevertheless functional ex
vivo, inhibiting basal proliferation of neuroblastoma
cells and blocking the mitogenic action of IGF-II to
which the cells clearly responded. It seems highly likely
that the inhibition by IGFBP-6 reflects IGF sequestra-
tion, because no inhibitory effect was observed when an
IGF analogue with no affinity for IGFBPs was used. In
addition, the effect on basal proliferation was stronger
in IGR-N-91 cells which secrete between 10 and 100
times more IGF-II than SK-N-SH cells (data not
shown). The same arguments could be used to explain
the inhibitory action of bFGF which could induce IGF-
II secretion or could potentiate its effect. Similarly, it has
been shown that recombinant IGFBP-6 inhibits the pro-
liferation and growth in soft agar of IGF-II-stimulated
and untreated colon cancer cells [45] and blocks the dif-
ferentiating effect of IGF-II in L6A1 myoblasts [46].

We also investigated the in vivo influence of IGFBP-6
on neuroblastoma xenograft development in nude mice
submitted to s.c. injection of IGR-N-91 cells. Two pro-
tocols were applied 15 days after the injection: either 15
daily i.p. injections of 4-20 ng IGFBP-6 or implantation
of osmotic pumps delivering 20-100 pg protein over 15
days. The choice of a 15-day period after injection of
neuroblastoma-provoking cells was based on ecarlier
work indicating implication of IGFBP-6 in the initial
stages of tumour development [28]. In all experiments
where enough protein had been delivered to produce an
effect, 10-20% fewer IGFBP-6-treated mice developed
tumours than did controls. Therefore, whether exogen-
ous, as in the present study, or endogenous, as in our
earlier study [28], IGFBP-6 has the same effect, acting

extracellularly and most probably by inhibiting IGF-II.
These studies also showed that the development of
tumours was delayed by 6-15 days in IGFBP-6-treated
mice, depending on the type of experiment. The effect
was more marked when mini-pumps were installed 5
weeks after injection of the cells, when xenografts
should have become palpable, because of the inhibitory
action of IGFBP-6 on cell proliferation by IGF-II
sequestration. However, the delay was not evident in
mice injected i.p., possibly because IGFBP-6 is rapidly
degraded in the bloodstream. We were unable to detect
IGFBP-6 in mouse serum 24 h after injection as the
maximal quantity of circulating IGFBP-6 loaded on the
gel was 40 ng which is in any case difficult to detect.
Moreover, O-glycosylation increases resistance to pro-
tease attack and decreases clearance 20-fold [47.,48]. In
contrast, rIGFBP-6 exhibited strong resistance to pro-
teolytic degradation ex vivo, since neither its quantity
nor its state was altered after 72 h of incubation with
neuroblastoma cells. This would suggest that the pro-
teases found in the circulation are not produced by
neuroblastoma cells which nevertheless secrete IGFBP-
2-degrading proteases [35]. It would also suggest that
proteolytic mechanisms may be IGFBP-specific [49].
Our results therefore show that IGFBP-6 inhibits cell
proliferation and reduces tumorigenicity by sequestering
IGF-II. Since the latter is known to intervene in numerous
tumours, it would seem plausible to specifically block its
action during chemotherapy by adding r-IGFBP-6 with
its particularly strong affinity for IGF-II. Through the use
of r-IGFBP-6 in conjunction with other anti-cancer
agents, it may also be possible to reduce drug dosages
and obviate secondary effects. Interestingly, IGFBP-6
expression has recently been shown to potentiate the
effects of etoposide on apoptosis [50]. Another advan-
tage is that IGFBP-6 is documented to be active in a wide
variety of cell types, suggesting an absence of tissue speci-
ficity. Further investigation will show whether or not
IGFBP-6is more potently inhibitory in cancer cells than in
normal cells, in view of its strong dependence on IGF-II.
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