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Insulin-like Growth Factor (IGF)-1, -II and IGF
Binding Protein-2 (IGFBP-2) in the Plasma of
Children with Wilms’ Tumour

Walter Zumkeller, Juerg Schwander, Christopher D. Mitchell, David J. Morrell,
Paul N. Schofield and Michael A. Preece

Insulin-like growth factors (IGF)-I, -II and IGF binding protein-2 (IGFBP-2) have been measured in plasma of
children with Wilms’ tumour. The mean levels for total serum IGF-I and -II were not significantly altered in
Wilms’ tumour as compared with normal control plasma. However, the chromatographic profiles for IGF-I and
-II in these groups were different with regard to the presence of IGF binding proteins and high molecular weight
forms of IGFs; the high molecular weight form (9-15 kD) of IGF-II was significantly reduced in Wilms’ tumour.
Levels of IGFBP-2 were substantially elevated in serum from Wilms’ tumour patients (1025 + 112 ng/ml
compared with 416 + 44 ng/ml in controls), and inversely correlated with the levels of high molecular weight
forms of IGF-II. We suggest that IGFBP-2 measurements might be of value as a marker for monitoring this type
of tumour, either as an adjunct to diagnosis or surveillance of tumour growth during therapy.

Eur ¥ Cancer, Vol. 29A, No. 14, pp. 1973-1977, 1993.

INTRODUCTION

INSULIN-LIKE growth factors (IGF)-I and -II are growth-promot-
ing polypeptides involved in a variety of physiological and
pathological processes of the kidney [1]. In circulation, they are
associated with specific binding proteins (IGFBP) which both
extend their half-life and modulate their actions. The synthesis
of these binding proteins is under a complex, as yet poorly
understood, system of regulation [2].

The expression of IGFs depends upon the state of tissue
differentiation and undergoes dynamic changes during fetal
development [1]. IGF-II mRNA has been found to be highly
expressed in embryonic tissues [3-5] and in a number of
embryonal tumours [6-8], including nephroblastoma (Wilms’
tumour, WT) [9-11}, pheochromocytoma [11] and hepatoblas-
toma [8].

During embryonic development, IGFBP-2 expression is
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Table 1. Sex, age, stage and histological features, IGFs and IGFBP-2 in patients with

wT
High
Age Stage/ M, IGF-II  IGFBP-2
Group Sex (years)  histology IGF-1 IGF-II (% of total) (ng/ml)
(ng/ml)

WT 1 Female 0.1 VFH 193 362 (47.8) —
WT 2 Female 0.4 I1FH — - — 1140
WT 3 Male 0.5 IIFH 30 874 (40.2) —
WT 4 Male 0.7 IFH 160 854 (1.3) 1360
WT 5 Female 0.8 III FH 134 1034 (1.6) —
WT 6 Male 0.8 IIMB 81 172 (29.1) 1170
WT 7 Male 0.8 IMB 90 104 (11.5) 1240
WT 8 Female 0.8 IFH 161 560 2.3) 1170
WT 9 Male 1.1 IFH 100 174 (59.8) 580
WT 10 Male 1.4 IIFH 116 208 (39.4) 410
WT11 Female 2.3 IFH —_ — — 1580
WT 12 Female 2.5 III FH 116 324 12.7) —
WT 13 Female 3.0 IIFH —_ — — 560
WT 14 Female 33 III UH 103 190 (46.3) —
WT 15 Female 3.4 III FH — —_ — 1610
WT 16 Female 3.8 VFH 45 176 (21.0) —
WT 17 Female 53 III FH 164 470 (24.9) 1170
WT 18 Female 5.3 IIFH — — — 800
WT 19 Female 5.5 IFH 53 131 (46.6) —
WT 20 Female 5.7 III FH 133 251 (25.5) —
WT 21 Female 9.6 III FH 62 195 (45.1) —
WT22 Male 10.5 IVFH — — — 540

FH/UH, favourable/unfavourable histology. MB (mesoblastic) = UH. The term unfavourable
histology refers to the presence of diffuse anaplasia, rhabdoid tumour, or bone metastasising
renal tumour. Tumour stage classification is in accordance with the National Wilm’s Tumour

Study [29]. (—), no results due to lack of material.

associated with undifferentiated embryonic stem cells, suggest-
ing a function in early embryogenesis [12]. The cellular sites of
IGFBP expression are often distinct from sites of IGF synthesis
[13]. Furthermore, the IGFBP-2 gene transcript is detectable in
the developing mesonephric ducts and tubules of 10-day-old rats
[14; data not shown], whereas IGF-II expression is largely
restricted to the metanephric blastema [5]. As yet, the roles of
these peptides in organogenesis and cell differentiation, and
their regulation, remains obscure.

The purpose of this study was to determine whether the IGF-
I, IGF-H and IGFBP-2 levels were significantly different in the
plasma of patients with WT compared with controls and to
investigate their potential as tumour markers.

PATIENTS AND METHODS
Subjects
Samples were obtained from children with WT (mean age =
S.E.M,, 3.1 = 0.6 years; n = 22). Samples were taken at the
Hospital for Sick Children, Great Ormond Street, London, prior
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to initiation of therapy. Each patient underwent routine and
radiological investigations and histological examination of the
surgical specimen (Table 1). Control samples were obtained
from healthy children (4.5 = 0.9 years; n = 13) in conjunction
with an ongoing study at King’s College, London. Permission
was granted by the local ethical comittee.

Gel chromatography and radioimmunoassays

Plasma samples (250 pl) were incubated overnight with
250 pl of 2 mol/l acetic acid (pH 4.0) and chromatographed
(flow rate: 0.2 mUmin) on a Sephacryl S-200 HR column
(30 X 1 cm; Pharmacia, Uppsala, Sweden) equilibrated with
1 mol/l acetic acid. Fractions of 1 ml were collected and aliquots
of 250 pl were lyophilised. Fractions equivalent to a kD between
0.80-0.95 (for canonical IGF-I and IGF-II) and 0.62-0.77 (for
high molecular weight IGF-II, equivalent to a M, of
9000-15 000) were analysed by specific radioimmunoassays
following resuspension in 0.05 mol/l phosphate buffer (pH 7.4).

IGF-I was measured as previously described [15] using recom-
binant IGF-I (KabiGen AB, Stockholm) as a standard. IGF-II
was measured using a monoclonal antibody to IGF-II (MAS 324,
clone SI-F2) from Seralab Ltd (Crawley Down, Sussex, U.K.)
and recombinant IGF-II (KabiGen AB) as a standard. Each
antibody vial contained 10 pg of IgG and was reconstituted in
1 ml buffer. The initial dilution of the stock solution added to
the assay was 1:6000. The biosynthetic IGFs were labelled with
125T (Amersham, U.K.) using the lactoperoxidase method. The
radioactive labelled peptides were diluted in order to obtain
about 10000 counts/min in 50 ul of [***IJIGF-I or ['**IJIGF-II.
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The samples were incubated overnight with specific antibodies
and either ['°I]IGF-I or ['>*I]IGF-II. Precipitation of the com-
plex was achieved by adding 500 ul of polyethylene glycol
(Sigma, U.K.) and centrifugation at 12000 g for 20 min. The
supernatant was aspirated and the pellet counted in a gamma
counter for 4 min. In both assays, the cross-reactivity of IGF-1
or IGF-1I was below 1% whereas the intra-assay variation was
below 10% for both peptides. IGFBP-2 was determined in
unseparated plasma samples using polyclonal antibodies raised
against human IGFBP-2 as previously described [16].

Statistics
Values are expressed as means + S.E.M. Statistical signifi-
cance was assessed using Student’s z-test.

RESULTS

The plasma IGF-1, 3F-II and IGFBP-2 levels of the individ-
ual tumour patients are listed in Table 1. The IGFBP-2 levels
were significantly increased in 10 of 13 WT samples measured;
two were at the extreme upper limit of normality as judged by
our control group (P < 0.0001) (Table 2). The IGF-I levels
were not significantly different in either the control or WT
group. The WT group had significantly lower levels of high
molecular weight IGF-II ( < 0.0001) as compared with the
control group but the difference in total IGF-1I between the two
groups was of borderline significance (P = 0.09).

The chromatographic profiles for IGF-I and 1GF-II from two
typical individuals of each group are shown in Fig. 1. The
profiles for IGF-I and IGF-II in these two groups were different.
The differences at kD < 0.5 were probably due to different
levels of assay interference by binding proteins. In addition,
there was also evidence for high molecular weight forms of IGFs.
Whereas only 28.4% of total IGF-II was in the high molecular
weight range (9-15 kD) in the WT group, the percentage for the
control group was 50.5%. There was a negative correlation
between high molecular weight IGF-II and IGFBP-2 levels in
the control (P < 0.05; r = 0.62) and combined WT/control
group (P < 0.001; r = 0.75; n = 20) whereas it had marginal
significance in the WT group alone. There was no correlation
between IGF-I and IGF-II values in either group. No sex-related
differences in peptide levels were observed and there was no
apparent age-dependency of IGF and IGFBP-2 levels.

DISCUSSION
We have found that plasma IGFBP-2 levels are elevated in
children with WT, whereas their IGF-II levels are marginally

Table 2. Plasma levels (mean = S.E.M.) of IGF-1 and IGF-
Il (ng/mi) in patients with WT and control samples after gel
chromatography. Immunoreactivity for high molecular forms of IGF -

11 (9-15 kD) was found in addition to the 7.5 kD form of IGF-11

IGF-1I
(ng/ml)
IGF-I IGFBP-2
(ng/ml) 9 kD < 9kD Total (ng/ml)
WT 109+12 82=+21* 298 +£72 380 *74 1025 = 112*
n=16 (m=16) (n=16) (n=16) (n=13)
HC 93 + 10 279 +36 27530 55360 41644
m=13) @=13) mM=13) (=13 n=13)

*Significantly different from control P < 0.0001. WT, Wilms’ tumour;
HC, healthy controls.
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lower than in normal controls. Although high levels of IGF-II
mRNA expression have been reported in WT [9, 10], it has also
been shown that elevated IGF-II mRNA expression is not a
necessary event in the genesis of WT [8, 17]. Furthermore,
Haselbacher et al. [11] found low IGF-II peptide levels in WT
tissue extracts, in marked contrast to the elevated IGF-Il mRNA
expression levels which also included a large amount of a high
molecular weight form of IGF-II. In spite of high IGF-II peptide
and mRNA expression levels in pheochromocytoma, peripheral
IGF-II levels in these tumour patients are not elevated, suggest-
ing that insignificant tumour-derived IGF-II is released into
the circulation, unlike the analogous situation with tumour
production of catecholamines [18].

The regulation of IGFBP-2 is as yet poorly understood. WT
cell lines are known to secrete significant amounts of IGF-1I,
including high molecular weight forms (9-15 kD), as well as a
variety of IGF binding proteins [19]. This high molecular weight
form of IGF-II is poorly characterised, but is present as a minor
component in normal adult serum probably as a consequence of
post-translational modification of the prepro-IGF-II molecule
[2]. A possible explanation for the increased IGFBP-2 levels in
WT might be the synthesis of different molecular forms, e.g.
high molecular weight IGF or IGF analogues capable of inducing
the production of IGFBP-2 by renal as well as other tissues.
However, it is intriguing that the percentage of high molecular
mass IGF-11 (9~15 kD) was significantly lower in the WT group
than in the control group. In addition, our data suggest a
suppression of IGFBP-2 levels by high molecular weight IGF-II
in the control group but not in the WT group, indicating a
disregulation of IGFBP-2 production in this group.

IGFBP-2 was first identified as an inhibitor of IGF action by
sequestration of IGFs from their receptors. Recent reports
support the widespread occurrence of IGFBP-2 mRNA
expression in cell lines derived from (among others) WT, colon
carcinoma, breast cancer, retinoblastoma and neuroblastoma
{20, 21] suggesting that expression of IGFBP-2 may be associ-
ated with malignancy; elevation of serum levels, however, has
only been noted in the case of lung cancer [22]. The correlation
between IGFBP-2 and malignancy strongly suggests that its role
in neoplasia may either be to stimulate cell growth or invasiveness
(properties not demonstrated for IGFBP-2) or alternatively to
inhibit the effect of a tumour suppgessing agent. IGF-II has been
implicated in suppression of tumour formation {23]. Conse-
quently, the mechanism of disregulation of IGFBP-2 is of great
interest.

It is possible that IGFBP-2 expression is being induced by
increased local concentrations of the cognate growth factors, but
only IGF-I and IGF-I B chain (which has a decreased affinity for
the binding proteins) have such an effect [24). Patients with
extrapancreatic tumour hypoglycaemia usually have both
increased IGF-1I and IGFBP-2 plasma levels [25].

Synthesis of proteins usually associated with a ‘fetal-like’
pattern of gene expression is seen in many neoplasms and may
reflect the normal pattern of stem cell activity amplified to
an inordinate degree by clonal selection in the tumour [26].
Enhanced production of IGFBP-2 may then reflect a normal
pattern of synthesis by a population of cells in the fetal kidney
or brain; in situ hybridisation to human fetal tissues indicates
that the epithelial component of the developing kidney is one of
several sites of high IGFBP-2 mRNA expression (data not
shown).

IGFBP-2 levels have so far only been known to be elevated in
fetal serum [27], hypopituitarism [27, 28], Laron dwarfs and
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Fig. 1. Plasma IGF-I and IGF-II chromatography profiles from two children with WT as well as two healthy controls (HC) after acid gel
filtration on a Sephacryl S-200 HR column. The horizontal axis represents the collected fraction numbers expressed as a proportion of the
eluted volume between V, and V,; (KD).

pygmies [28]. These conditions are readily distinguished from
neoplastic processes. Therefore, our observation that IGFBP-2
levels are elevated in the plasma of patients with WT would
suggest that IGFBP-2 might be used to monitor tumour growth.
The recent report of elevated IGFBP-2 serum levels in patients
suffering from lung cancer suggests that the monitoring of
IGFBP-2 levels may be generally useful in a range of malignanc-
ies [22].
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Lodewijk Th. Viasveid, Jos H. Beijnen, johan J. Sein, Elaine M. Rankin,
Cornelis ].M. Melief and Annemarie Hekman

In a previous clinical study using a continuous infusion schedule of recombinant interleukin-2 (rIL-2) we noted a
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These phenomena were not noted for four other rIL-2 muteins tested [Glaxo, Hoffmann-LaRoche, Amgen (2
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INTRODUCTION
THE BIOLOGICAL effects of recombinant interleukin-2 (rIL-2)
depend on a variety of factors such as the dosage, schedule and
route of administration [1]. Recently, it was demonstrated that
the mode of administration of EuroCetus rIL-2 may dramatically
influence its bioavailability [2-S]. Emphasis has been put on the
addition of albumin to the solution to prevent adherence of r]L-
2 110 the tubing material [2, 4, 5]. We previously reponed a
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dissolved in a small volume of saline and infused at a low rate
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{3]. In this present study, we examined the cause and the extent
of the loss of bioactivity of various rIL.-2 muteins dissolved in

10 ml of saline and pumped slowly (0.5 mli/h) through a long
infusion device and studied the effect of the addition of albumin.
In addition, the solubility of EuroCetus rIL-2 in saline, glucose
and water was tested.

MATERIALS AND METHODS
Interleukin-2
The rIL-2 muteins provided as lyophilised powder were

reconstituted in 1.2 ml sterile water (EuroCetus) or (.9% saline

CLONRSLILUCC 10D 1.4 Q102 STCIANC Wallh (SUIOLCIVs/ 01 Y,

(Hoffmann-LaRoche, Glaxo) according to the manufacturer’s
instructions. Both Amgen rIL-2 muteins were provided dis-
solved in 5% glucose. Before pumping, the muteins were diluted
to the required rIL-2 concentration in 10 ml of the solvent to be
tested.
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The central venous access (Vascuport®) consisting of a
titanium portal with a silicone membrane and a polyurethane



