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ABSTRACT

We investigated primary human lung cancers resected surgically or
obtained at autopsy. Included were squamous cell carcinoma (SQC) (five
cases), adenocarcinoma (ADC) (six cases), large cell carcinoma (LCC)
(four cases), and small cell carcinoma (SCC) (two cases). The objective
of the study was to search for the presence of insulin-like growth factor
I (IGF-I)-like immunoreactivity using immunohistochemical staining and
for the localization of IGF-I binding sites, using in vitro quantitative
receptor autoradiographic techniques.

IGF-I-like immunostaining was present in all cases of SQC, ADC, and
LCC, but not in cases of SCC. Strong immunostaining was observed in
cases of SQC. On the other hand, ADC and LCC tissues showed a
moderate or weak staining. Specific binding sites for IGF-I were present
in a?! cases of SQC, ADC, LCC, and SCC examined. High densities of
I2!I-IGF-I binding sites were localized in cases of SQC and SCC. Low to

high densities of the binding sites were found in LCC. Cases of ADC
showed low densities of '"I-IGF-I binding sites. Specific binding obtained
at a concentration of 80 p\i I25I-IGF-I was competitively displaced by
unlabeled IGF-I, with a 50% inhibitory concentration value of 1.84 Â±
0.31 x lie'" mol, whereas human insulin was much less potent in

displacing the binding. This specificity profile is consistent with charac
teristics of IGF-I receptors. Scatchard analysis showed the presence of
a single class of high affinity binding sites for IGF-I, with a A',,of

approximately 1 nmol.
Thus, the possibility that IGF-I may play a role in the growth of

human lung cancers would have to be considered.

INTRODUCTION

Growth factors are involved in the transformation and/or
proliferation of neoplastic cells (1-4), and neoplastic cells can
produce the endogenous growth factors which act on the their
own cells (1-5). Among growth factors, the production or gene
expression of IGFs,3 related to the functions of differentiation

and growth of cells and tissues (6), was demonstrated in several
types of human neoplastic cells (1,3, 4). IGFs are homologous
to amino acid sequences of proinsulin (7), and at least two
forms of IGFs, IGF-I and IGF-II, are present in human serum
(7). IGF-I receptors on cell surface membranes (8) are structur
ally similar to insulin receptors (9). Additionally, IGF-I and
insulin bind to specific receptors with a high affinity and to
each other with a lesser affinity (9). IGF-II receptors have no
apparent affinity for insulin (9).

Human lung cancers can be mainly classified into four types:
SQC; ADC; LCC; and SCC (10). IGF-I is secreted or released
from lung cancers (SQC and ACC) resected surgically and some
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established SCC cell lines (4, 11-13). Moreover, high affinity
receptors for IGF-I were observed in SCC cell lines (4, 12, 13).
These findings suggest that IGF-I may be an important growth

factor in human lung cancers, acting in an autocrine or a
paracrine fashion (6,14). The bindings for IGF-I in SQC, ADC,

and LCC have apparently not been reported.
We made use of in vitro quantitative receptor autoradi

ographic techniques (15, 16) to investigate whether or not IGF-
I binding sites could be demonstrated in four types of human
lung cancers. Distributions of IGF-I-like immunoreactivity in

human lung cancers were examined, using immunohistochem
ical techniques.

MATERIALS AND METHODS

Tissue Samples. Seventeen lung cancers resected surgically or ob
tained at autopsy at Nagasaki Municipal Hospital were microscopically
classified into SQC (5 cases), ADC (6 cases), LCC (4 cases), and SCC
(2 cases), according to the rules of the Japanese Lung Cancer Society
(14) (Table 1). The tumors obtained were immediately fixed in 15%
neutral buffered formalin for immunohistochemical staining, and part
of the fresh tumors was immersed in isopentane at â€”¿�30Â°Cfor quanti

tative receptor autoradiography.
Immunohistochemical Staining of Tissues. Polyclonal human IGF-I

antibody (amino acids 1 to 70, IGF-I) was purchased from KabiGen
AB, Stockholm, Sweden, and was used at a 1:4000 dilution. Formalin-
fixed, paraffin-embedded tissues were sectioned at a 5-^m thickness.
After dopar nlfin Â¡/alimiof the sections, endogenous perioxidase activity
was abolished with 0.3% H2O2 solution. Immunostaining was carried
out by the avidin-biotin peroxidase complex method using Vectastain
ABC kits (Vector Lab., Inc.). To determine the specific binding, im
munostaining was abolished by preincubation of the primary antibody
with an excess of unlabeled IGF-I (Peninsula Lab., Inc.) prior to

immunostaining.
Quantitative Receptor Autoradiography. Frozen lo-^m-thick sections

were cut in a cryostat at -16Â°C, thaw mounted onto gelatin-coated
glass slides, and stored overnight under vacuum at 4Â°C.The sections

were preincubated for 15 min in 25 mM Tris-HCl buffer (pH 7.5)
containing 10 mivi MgCI2, 0.1% bovine serum albumin, and 1 mg/ml
of bacitracin (Sigma), followed by incubation for 120 min in fresh buffer
with 3-['"I)iodotyrosyI-IGF-I ('"I-IGF-I) (specific activity, 1837 Ci/

mmol; Amersham International pic., United Kingdom), with or without
unlabeled 10~7 M IGF-I (Amersham) (17). In the kinetic experiment,

consecutive tissue sections were incubated with 80 pmol of 125I-IGF-I

in the presence of increasing concentrations of unlabeled IGF-I, ranging
from 10~7to 10~13mol. Human insulin (Peptide Institute, Japan) was
also used as a displacer for '"I-IGF-I binding, ranging from 10"* to
10~9mol. The tissue sections were washed 3 times (1 min each) with
25 mM Tris-HCl buffer (pH 7.4) at 4Â°C.After drying under a stream
of cool air, the sections and I25Istandards (Amersham) were opposed
to 3H-hyperfilm (Amersham) at room temperature for 7 days. Absorb-

ances were quantified by computerized microdensitometry (UHG-101;
Unique Medical Co., Japan). '"I-IGF-I binding kinetic values were

calculated from data on competition studies, using the LIGAND com
puter program (18).
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Table 1 Apparent '"I-IGF-I binding site concentrations in human lung cancers

resected surgically or obtained at autopsy
Tissue sections were incubated with 80 pM '"I-1GF-I. Absorbance measure

ments were converted into fmol/mg of protein.

PathologySquamous

cellcarcinomaAdenocarcinomaLarge

cellcarcinomaSmall

cell carcinomaCase1234567891011121314151617Age(yr)7459536756745658675155634663574555SexMMMMMFFFMFMMMMMMMSurgery

Apparent density
or autopsy (fmol/mg ofprotein)SurgeryAutopsySurgery-SurgerySurgerySurgeryAutopsySurgeryAutopsySurgerySurgeryAutopsySurgeryAutopsyAutopsySurgeryAutopsy11.9211.1711.787.229.683.043.662.773.233.442.384.592.547.061.619.808.00

RESULTS

IGF-I-like immunoreactive cells were detected in SQC, ADC,
and LCC (Fig. 1, a to c). The SQC cells gave a strongly positive
reaction, while the moderately or poorly differentiated cells
tended to show a weaker reaction than did the well-differen
tiated cells. In cases of ADC and LCC, immunostaining was
observed in a few areas. The ADC cells invading the surround
ing tissue and not secreting mucin mainly gave a positive
reaction. The stained LCC cells were scattered, and most were
present in the periphery of the tumor mass. Immunostaining
was nil in cases of SCC (Fig. Id). Immunostained cells were
also present in the columnar epithelium of the primitive air
ways, lung fluid within the airway, cartilage, and pulmonary-

vessel walls (data not shown). When the primary antibody was
immunoabsorbed with an excess of unlabeled IGF-I, there was
no evidence of immunostaining (data not shown).

Binding sites for 125I-IGF-I were distributed in all the human

lung cancers examined. The apparent concentrations of specific

binding sites calculated from the total binding (Fig. 2, a to d)
and nonspecific binding (Fig. 2, e to h) amounts are shown in
Table 1. Nonspecific binding accounted for about 10% of the
total binding. High densities of '"I-IGF-I binding sites were

present in cases of SQC and SCC. Densities of the binding sites
in cases of LCC ranged from high to low. On the other hand,
cases of ADC showed low concentrations of IGF-I binding
sites.

The kinetic experiment was done using SQC (Cases 1 to 5),
LCC (Case 14), and SCC (Case 16) showing high densities of
125I-IGF-I binding. IGF-I binding sites were characterized by

competitive experiments in the presence of increasing concen
trations of unlabeled IGF-I. Specific binding of 125I-IGF-I ob

tained at the concentration of 80 pM radiolabeled ligand was
competitively inhibited by unlabeled IGF-I, with an IC50of 1.84
Â±0.31 x 10~'Â°mol (Figs. 3 and 4). The same effect was seen

with unlabeled human insulin, with an IC50 of 5.26 Â±0.82 x
IO"7 mol. As shown in Table 2 and Fig. 4, Scatchard analysis

of data obtained from a LIGAND computer program indicated
a single class of high affinity IGF-I binding sites, with an A"dof

approximately 1 nmol. The maximum binding capacity (Bmax)
ranged from 191.61 to 461.49 fmol/mg of protein in the case
of SQC, 178.25 fmol/mg of protein in the case of LCC, and
298.50 fmol/mg of protein in the case of SCC.

DISCUSSION

We obtained evidence for the localization of IGF-I-like im-
munostaining and high affinity IGF-I binding sites in four types
of human lung cancers. Strong immunostaining was observed
in cases of SQC, and moderate or weak staining was seen in
cases of ADC and LCC. On the other hand, no immunostaining
was observed in cases of SCC. Minuto et al. (11) reported that
tissue extracts from SQC and ADC obtained surgically con
tained a high amount of IGF-I-like immunoreactivity. Some,
but not all, of the established SCC cell lines release a high
amount of IGF-I into the culture medium (4, 12, 13). However,
expression of the IGF-I gene was not detected in four types of
lung cancer cell lines (5). This discrepancy may contribute to
the difference in the biological behavior observed in vivo and in

Fig. 1. Immunohistochemical staining with
hematoxylin counterstaining in SQC (a), ADC
(b), LCC (c), and SCC (a). Arrows indicate one
positive cell in each cancer. Magnification: x
280 (a to c); x 760 (d).
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e

Fig. 2. Receptor autoradiographic localiza
tion of '"I-IGF-I binding sites in SQC (a, e),

ADC (b,f), LCC (c, g), and SCC (d, h), a to
d show total binding incubated with 80 pM 125I-
IGF-I and exposed to 3H-hyperfilm for 7 days.
Nonspecific binding (e to h) was determined
in adjacent sections of a to d that were incu
bated with the same amounts of the radioli-
gands in the presence of IO"7M unlabeled IGF-
I. *, areas of carcinomas.
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v/fro. Whether the immunostaining shown in this study is due
to a primary in situ production of IGF-I or to uptake of
circulating IGF-I remains the subject of ongoing study.

In lung cancers, specific binding sites for IGF-I have been
noted on SCC cell lines (4, 12, 13). We found that specific '"I-
IGF-I binding sites were present on SQC, ADC, and LCC as
well as SCC, determined using quantitative receptor autoradi-
ography. However, there was no relationship between the inten
sities of immunostaining and the densities of '"I-IGF-I binding
sites. Although cases of SQC showed both a strong immuno-
reactivity and high densities of '"I-IGF-I binding sites, high
concentrations of IGF-I binding sites, without immunoreactiv-
ity, were observed in cases of SCC. The densities of the binding
sites in cases of LCC ranged from high to low. LCC is a
microscopically pleomorphic epithelial tumor with no squa-
mous or glandular differentiation (10). It may not represent a
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Fig. 3. Displacement of 125I-IGF-1 binding from human lung cancers by
different concentrations of unlabeled IGF-I (â€¢)and human insulin (O).
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Fig. 4. Binding of 125I-IGF-I to SQC (Case 3) and Scatchard plot of IGF-I
dose-response data.

Table 2 Dissociation constant <Kd)and maximum binding capacity (Bmax)of
IGF-I binding sites in human lung cancers

The Kt and Bmâ€žwere calculated from the competition curve using the LI-
GAND computer program (18).

Case1

2
3
4
5

14
16A'd

(nmol)1.28

1.29
1.84
1.25
1.04
1.39
0.82Bmâ€ž

(fmol/mg of
protein)316.66

311.26
461.49
191.62
199.71
178.35
298.50

specific entity; rather it may be undifferentiated variations of
SQC and ADC (19). Hence, our cases of LCC may possess a
potential SQC or ADC.

We characterized IGF-I binding sites in cases of SQC (Cases
1 to 5), LCC (Case 14), and SCC (Case 15). Receptors for IGF-
I have been characterized using competitive binding experi
ments ( 12, 20, 21 ). At least two types of receptors, IGF-I and
IGF-II, have been proposed (9). To determine which type of
receptor was present in lung cancer tissue, we performed com
petitive experiments with IGF-I and insulin. 125I-IGF-Ibindings
were competitively inhibited by unlabeled IGF-I, with an IC50
of 1.84 Â±0.31 x 10-'Â°mol. Insulin also displaced '"I-IGF-I

binding sites, albeit less potently. Our results from the compet
itive binding study indicate that I25I-IGF-I binding to human
lung cancers is consistent with characteristics of IGF-I receptors
(12, 20, 21). Further study, especially cross-linking experi
ments, is required to characterize the bindings.

Scatchard analysis of the data obtained from a LIGAND
computer program (18) showed a single class of high affinity
IGF-I binding sites, with a Ka of about 1 nmol, the values of
which are similar to those noted in SCC cell lines by Jaques et
al. (12). However, Nakanishi et al. (13) noted two classes of
IGF-I binding sites in the cell line NCI-H345. This discrepancy

probably relates to differences between tissue sections and cell
lines and to different techniques.
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