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Insulin-like growth factor (IGF)-II receptors were demonstrated in normal and neoplastic tissues of human
thyroid. Specific binding of [*>*IJIGF-II to thyroid membranes was dependent on the time and temperature of
incubation, and a steady state was achieved after 22 h of incubation at 4°C. The binding of ['?*IJIGF-II was dose-
dependently displaced by unlabelled IGF-II with 50% inhibition at an IGF-II concentration of 6 ng/ml. IGF-I had
a relative potency of 1% compared to IGF-II, and insulin showed no inhibition at concentrations as high as 2000
ng/ml. Scatchard analysis of the binding data revealed a single class of IGF-II receptor with high affinity. Affinity
crosslinking and autoradiography demonstrated the type II IGF receptors. Specific binding of ['>’I]JIGF-II to
thyroid papillary cancer tissues (mean [S.D.] 13.2 [1.3]% per 200 g protein, n = 8) was significantly (P < 0.01)
higher than that to the surrounding normal tissues (4.8 [0.5]%). The binding in follicular cancer and follicular
adenoma was also significantly higher than that in the corresponding normal tissues. The higher IGF-II binding
to neoplastic tissues was due to an increase in the number of binding sites without any change of affinity. These
results suggest that the increased IGF-II receptors may be involved in growth or functions of thyroid neoplasms.
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INTRODUCTION
THE INSULIN-LIKE growth factors (IGF)-I and II are growth
hormone-dependent growth factors that are mitogenic to many
types of normal and neoplastic cells [1-4]. Many studies have
shown that these peptides are also involved in the growth of
thyroid cells, including those of humans [5-10]. Furthermore,
recent studies have suggested that IGF-I functions as an auto-
crine factor in human thyroid cells [11]. These peptides exert
their physiological actions through binding to specific receptors
on the cell surface. There are two subtypes of IGF receptor;
type I receptors, which interact with IGF-I with a high affinity
and weakly with insulin; and type II receptors interact with
IGF-II rather than IGF-I and do not interact with insulin [12].
We have already reported that type I IGF receptors exist on
human thyroid tissues [13]. Although type II IGF receptors
have been identified in rat thyroid cells [S, 14], there is no
available data on type II IGF receptors on human thyroid
tissues. In this study, we identified and characterised the IGF-II

receptors in normal and neoplastic human thyroid tissues. We |

show here that type II IGF receptors are increased in neoplastic
tissues in comparison with the surrounding normal tissues.

MATERIALS AND METHODS
Hormones and reagents
IGF-II and monocomponent porcine insulin were products
of Eli Lilly (Indianapolis, Indiana). Recombinant IGF-I was a
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gift from Fujisawa Pharmaceutical Institute (Osaka). IGF-II
was radioiodinated to a specific activity of 5.55 TBq (150 Ci)/g
by the chloramine-T method. The radioiodinated IGF-II was
purified by gel filtration over a Sephadex G-50 column.

Human thyroid nissue

Thyroid tissue was obtained from 18 patients who had under-
gone thyroidectomy because of papillary carcinoma (8 patients),
follicular carcinoma (3) or follicular adenoma (7). A fragment of
normal thyroid tissue was obtained from the excised portion
surrounding the neoplasm in all patients. The tissues were
immediately weighed, frozen on dry ice and stored at —70°C
until use. The diagnosis for each tumour was established by
histological examination.

Tissue processing

The crude thyroid membrane fractions were prepared by a
modification of the method of Atkinson ez al. [15]. Briefly, the
tissues were minced with scissors on ice and then homogenised
with a Polytron PT-10 (Brinkmann Instruments, Westbury,
New YorR) in chilled 10 mmol/l Tris-HCI buffer, pH 7.4,
for 30 s at a dial setting of 6. The homogenate was further
homogenised with a Dounce homogeniser and the suspension
was centrifuged at 800 g for 10 min at 4°C. The supernatant was
then centrifuged at 10000 g for 15 min at 4°C. The resultant
supernatant was discarded and the pellet was resuspended in 10
mmol/l Tris-HCl buffer, pH 7.4, containing 50 mmol/l NaCl and
0.1% bovine serum albumin (BSA). The protein concentration of
the crude thyroid membrane preparation was measured by the
method of Lowry et al. [16] using BSA as a standard.

Binding studies
Crude membrane fractions (200 pg protein/tube) were incu-
bated with approximately 30000 cpm of ['>’IJIGF-II at 4°C for
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22 h in the presence or absence of various concentrations of
unlabelled IGF-II in a total volume of 0.5 ml Tris-HCI buffer
(50 mmol/l, pH 7.4, containing 10 mmol/l MgCl, and 0.1%
BSA). The reaction was terminated by adding 2 ml of ice-cold
Tris-HCI buffer. The tubes were then centrifuged at 2000 g for
30 min at 4°C to separate membrane-bound from unbound
['ZIJIGF-II. The supernatant was aspirated and the radioactivity
of the pellet was counted with an automated gamma-counter.
Non-specific binding was defined as the binding obtained in the
presence of an excess amount of unlabelled IGF-II (1 ug/ml),
and specific binding was calculated by subtracting non-specific
binding from total binding. Percentage specific binding was
defined as the percentage of specific binding against the total
count added. All binding studies were carried out in duplicate.

Sodium dodecyl sulphate gel electrophoresis (SDS-PAGE) and
autoradiography

Crude membrane fractions (1 mg protein) were incubated
with approximately 8 X 10° cpm of ['°I]IGF-II at 4°C for 18 h
in the presence or absence of excess unlabelled IGF-II. The
tubes were then centrifuged at 2000 g for 30 min at 4°C. The
pellet was treated with 0.5 mmol/l disuccinimidyl suberate for 20
min at 20°C to crosslink [*>*T]IGF-II to the receptors according
to the method described previously [17]. The reaction was
terminated by addition of 10 mmol/l Tris-HCI buffer, pH 7.4,
containing 1 mmol/l EDTA. The tubes were again centrifuged
as described, and the pellet was solubilised with 50 mmol/l Tris-
HCI buffer, pH 6.8, containing 10% glycerol, 1% SDS and 100
mmol/l dithiothreitol. After centrifugation at 10000 g for 20
min, 50 pl supernatant was applied to a 7.5% polyacryl-
amide slab gel with a 3% stacking gel and electrophoresed using
a discontinuous buffer system, as described by Laemmli [18].
After completion of electrophoresis, the gels were dried and
subjected to autoradiography using Kodak X-Omat film with
an intensified screen.

Statistical analysis

Results are expressed as mean (S.E.) throughout. Statistical
analysis of the data was performed by two-tailed Student’s ¢ test
when the variation of the data was uniform. If the variation
was not uniform, then Duncan’s new multiple range test was
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Fig. 1. Time and temperature-dependent binding of ['">*IIGF-II to

papillary carcinoma membranes. Thyroid membranes from a patient

with papillary carcinoma were incubated with ["*IJIGF-II at the

indicated temperatures. Each value represents the mean of duplicate
determinations.
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Fig. 2. (a) Specificity of ['>’IJIGF-II binding to thyroid membranes.
Crude thyroid membrane fractions obtained from a patient with
papillary carcinoma were incubated with ['2’I)JIGF-II in the presence
of the indicated concentrations of unlabelled IGF-II (o), IGF-I
(©), or insulin (A). Each value represents the mean of duplicate
determinations. (b) Scatchard plot of the data in Fig. 2a. Scatchard
analysis revealed a single, high affinity binding site with a K, of
1.9 x 10° mol/l.

employed. Differences between groups were considered signifi-
cant if the P value was less than 0.05.

RESULTS

Binding of ['**I]IGF-II to human thyroid membrane fractions

[***IJIGF-II specifically bound to crude membrane fractions
from cancer tissues as a function of the amount of protein (data
not shown). The binding was also dependent on the time and
temperature of incubation, showing maximal binding at 4°C and
22 h (Fig. 1). Subsequent studies, therefore, were conducted at
pH 7.4 and 4°C for 22 h using 200 ug protein. Non-specific
binding was less than 5% in all the samples and there was no
difference among normal, adenoma and cancer tissues.

Specificity of IGF-II binding

The specificity of ['**I]IGF-II binding to human thyroid
membranes is shown in Fig. 2a. The data are representative of
11 experiments using thyroid cancer tissues. The binding was
dose-dependently displaced by unlabelled IGF-II, half maximal
inhibition occurring 4t a concentration of 6 ng/ml IGF-II. We
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Fig. 3. Autoradiogram of ['*IJIGF-II crosslinked to membrane frac-
tions of papillary carcinoma. Thyroid membranes (the same prep-
arations used in Fig. 2a) were incubated with ['>’IJIGF-II in the
absence of unlabelled peptide (lane A) and in the presence of excess
unlabelled IGF-II (lane B), IGF-I (lane C) or insulin (lane D).

have previously reported that IGF-II crossreacts with IGF-I
receptors with an affinity lower than that of IGF-I [13]. Figure
2a also shows that ['’I]IGF-II binding was partially displaced
by unlabelled IGF-1. However, the inhibition by IGF-I was only
8% or less at a concentration of 100 ng/ml, which was enough to
saturate IGF-I binding sites on human thyroid membranes [13].
Furthermore, an insulin concentration as high as 2000 ng/ml
did not displace ['2*I]JIGF-II binding at all to the membranes.
Thus, ['2*TJIGF-II binding was largely to type II IGF receptors.
Scatchard analysis of the binding data revealed a single class of
IGF-II binding sites with a K, of 1.9 X 10° mol/l"! and a
binding capacity of 192.5 fmol/mg protein (Fig. 2b).

Affimity crosslinking and autoradiography

To further characterise the IGF-II binding sites on human
thyroid membranes, ['*IJIGF-II crosslinked thyroid mem-
branes were analysed by SDS-PAGE under reducing conditions.
As seen in the gel autoradiogram, one band with an apparent
molecular weight of 260000 kD (Fig. 3, lane A), characteristic
of type II IGF receptor complex [12, 17], was present. This
band was abolished when thyroid membranes were incubated
with ['#I]IGF-II in the presence of excess unlabelled IGF-II
(lane B), but not by IGF-I or insulin (lanes C and D). No
labelled band was detected in the position corresponding to
135000 kD, characteristic of the type I IGF receptor complex
[12, 17]. This may be due to low affinity of {*2°I]JIGF-II to type
1 IGF receptors.
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["#I]IGF-II binding to neoplastic and normal thyroid tissues

The results of ['*IJIGF-II binding to membrane fractions
derived from thyroid neoplastic and normal tissues are summar-
ised in Table 1. Specific binding of ['?’I]IGF-II to thyroid
membranes from 8 patients with papillary carcinoma was (mean
[S.E.]) 13.2 [1.3]% per 200 ug protein (n = 8) and was signifi-
cantly (P < 0.01) higher than the value in adjacent normal
tissues (4.8 [0.5]1%) or in adenoma tissues (6.9 [0.4]%, n = 7).
The value in follicular carcinoma was higher than that in
surrounding normal tissues, although the number of samples
was limited. ['>IJIGF-II binding to adenoma tissues was also
significantly different from that in the corresponding normal
tissues. It can be seen that the IGF-II binding to neoplastic
tissues was higher than that to the surrounding normal tissues
in all patients except 1 (Fig. 4). There was no difference in the
values for normal tissues surrounding cancer and adenoma.
Scatchard analysis of the binding data was performed for all the
tissues. The affinity constant of IGF-II receptors in neoplastic
tissues, either papillary carcinoma, follicular carcinoma or aden-
oma, was not significantly different from that in the correspond-
ing normal tissue. In contrast, binding capacity of neoplastic
tissues was significantly higher than that in surrounding normal
tissues. The value in papillary carcinoma (184.9 [23.9} fmol/mg
protein) was approximately 3-fold higher compared to that in
adjacent normal tissues (65.9 [9.5] fmol/mg protein). There was
no relationship between IGF-II receptor levels and tumour size.

DISCUSSION
In the present study, we have demonstrated that human thyroid
tissues, both normal and neoplastic, have IGF-II receptors. The

Table ). Binding of ['**IIGF-1I 10 neoplastic and normal thyroid
tissues from 18 patients

Specific binding Affinity  Capacity (fmol/mg

Diagnosis (%7200 ug protein) (10° mol/l) protein)

Neoplastic tissue

Papillary 13.2(1.3)"t
carcinoma

(n=28)
Follicular

carcinoma

(n=3)
Follicular

adenoma
(n=17)

1.8(0.2) 184.9(23.9)*t

8.7(0.4)"t 2.3(0.1) 92.8 (8.2)%

6.9(0.4)" 2.1(0.2) 77.9 (6.0)%

Normal tissue

Papillary
carcinoma
(n=8

Follicular
carcinoma
(n=23)

Follicular

adenoma
(n=17)

4.8(0.5) 1.8(0.1) 65.9 (9.5)

5.2(0.5) 2.3(0.1) 55.3 (2.5)

4.5(0.6) 1.8(0.2) 53.3 (8.1)

Mean (S.E.).

*Significantly (P<0.01) higher than that for adjacent normal tissue;
tsignificantly (2<0.01) higher than that for adenoma tissue; fsignifi-
cantly (2<0.01) higher than that for adjacent normal tissue.
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Fig. 4. Specific binding of [***[JIGF-II to human thyroid membranes.

[2*1]IGF-II binding to neoplastic tissues (closed column) was com-

pared to the binding of adjacent normal tissues (open column) in

18 patients. PC = papillary carcinoma, FC = follicular carcinoma,
FA = follicular adenoma.

specificity of ['*IJIGF-II binding was consistent with that of type
II IGF receptors, which have a preference for IGF-II over IGF-I
and do not interact with insulin [12]. The presence of 260000
species of [*2I)JIGF-II crosslinked membranes demonstrated by
SDS-PAGE is also compatible with the characteristics of the type
II IGF receptors Although IGF-II crossreacts with type I IGF
receptors on human thyroid membranes [13], only 8% or less of
specific binding of ['ZIJIGF-II was displaced by a high concen-
tration of unlabelled IGF-I, indicating that the majority of
['*I)IGF-II binding to thyroid membranes is to type II IGF
receptors. IGF-II receptors have already been identified in rat
thyroid cells [5, 14]. To our knowledge, the present study is the
first to demonstrate IGF-II receptors in human thyroid tissue.

We showed that IGF-II binding to thyroid neoplastic tissues
was significantly higher than that to surrounding normal tissues.
Furthermore, the IGF-II binding to cancer tissues was higher
compared to that for adenoma tissues. Scatchard analysis of the
binding data revealed that the increased IGF-II binding to
neoplastic tissues was due to a higher binding capacity without
any change of affinity. The difference of IGF-II binding in
neoplastic and normal tissues may be due to difference in
proportion of non-epithelial cells having IGF-II receptors. This
is unlikely, however. Fibroblastic or lymphocytes were found
in some of cancer tissues, but the proportion was less than 1%.
Therefore, it is most likely that the increased IGF-II binding in
neoplastic tissues is due to the higher IGF-II binding to neoplas-
tic thyroid cells than to non-neoplastic cells. An increase in the
number of IGF-II receptors has also been reported in rat thyroid
tissues during compensatory growth [14].

It is well established that several types of cells synthesise IGF-
binding proteins (IGF-BPs) as well as IGF. Minuto ez al. [10]
reported the presence of IGF-BP of 35-S0K molecular weight
in extracts of normal and nodular thyroid tissues. We have also
found that the level of IGF-BPs in extracts of thyroid cancer
tissues (papillary carcinoma) is much higher than that in normal
tissues (T.Y. ezal.). The IGF-BPs were largely found in 100 000 g
supernatant of tissue extracts (data not shown). SDS-PAGE and
autoradiography of [**SI]IGF-II crosslinked to thyroid mem-
branes did not detect any band corresponding to IGFs (Fig.
3). Thus, contribution of IGF-BPs to ['*IJIGF-II binding to
membrane fractions is unlikely.
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The functional role of IGF-II receptors on human thyroid
membranes remain to be determined. IGF-II stimulates DNA
synthesis of rat or porcine thyroid cells in culture, although the
potency of IGF-II in stimulating DNA synthesis is several times
lower than that of IGF-I [5, 6]. Furthermore, the function of
IGF-II as an autocrine growth stimulator in rat thyroid cells has
been described {8]. However, recent studies using antibody to
type I IGF receptors indicate that the mitogenic activity of IGF-
I in a variety of cultured cells is largely mediated by type I IGF
receptors [19-21]. Recently, it has been found that the IGF-II
receptor is identical to the cation-independent mannose 6-
phosphate (M6P) receptor [22, 23], which participates in trans-
port and uptake of lysosomal enzymes [24]. Furthermore, M6P
receptors appear to be involved in the secretion and uptake of
other proteins containing M6P. A number of M6P-containing
glycoproteins such as cathepsin D-like enzymes, transforming
growth factor B1 precursor and proliferin have been identified
in conditioned medium of various types of cultured cells [25-27].
It would be possible that these materials affect the behaviour
of neoplastic cells by interacting with IGF-II/M6P receptors.
However, further studies are required to determine whether an
increase in IGF-II receptor content in thyroid neoplastic tissues
is causally related to their uncontrolled growth.
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In vitro and Clinical Characterisation of a
Newcastle Disease Virus-modified Autologous
Tumour Cell Vaccine for Treatment of Colorectal
Cancer Patients
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A virus-modified autologous tumour cell vaccine prepared from human colorectal cancer cells is described. After
dissociation an average of 5 X 107 cells/g tissue were obtained from primary tumours and 9 x 107/g tissue from
metastases with an average viability of 72% and 51%, respectively. Following irradiation (200 Gy), inactivation of
the proliferative activity of the cells was demonstrated by their degeneration in tissue culture and the absence of
incorporation of *H-labelled thymidine. One third of the cells were still metabolically active, as shown by the
incorporation of *H-uridine and a mixture of 3H-aminoacids. The dissociated cells expressed MHC class I and I1
antigens in a qualitatively similar way to tissue sections. Epithelium-specific antigens (detected by MAb HEA125)
were expressed on an average of more than 75% cells of the suspension, while leucocyte-specific antigens
(detected by MAb CD53) were expressed on an average of less than 25% cells. The vaccine was prepared by
admixing the nonlytic strain Ulster of Newcastle disease virus (NDV) with the tumour cell suspension. The
NDYV adsorption at tumour cells was shown by electron microscopy. Clinically, the treatment with the vaccine
was associated with an increased sensibilisation against autologous tumour cells, measured by DTH skin
reactivity. First results in 23 patients with colorectal liver metastases who underwent “curative” liver resection
followed by vaccination show a clear correlation between the induced increase of DTH skin reaction against
autologous tumour cells and the recurrence-free interval. No correlation was found for DTH reaction caused by
standard antigens (Mérieux test), NDV alone or autologous normal liver tissue. The results demonstrate the
possibility of preparing immunogenic virus-modified autologous tumour cell vaccine from colorectal cancer
tissue, which could be used for cancer therapy.
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INTRODUCTION clinical tumour vaccination studies is the use of oncolysates or
MODIFYING TUMOUR cells by means of viruses may increase their membranes from tumour cells infected with viruses such as
immunogeneity [1, 2]. The commonly used procedures in vaccinia virus [3] parainfluenza virus [4], or Newcastle disease



