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ABSTRACT

We showed previously that insulin-like growth factor I (IGF-I) is
detectable in small cell lung cancer (SCLC) tumor biopsies and cell lines
and that recombinant human IGF-I stimulates DNA synthesis in SCLC
cells. Here we report further studies on the role of IGF-I in 2 SCLC cell
lines: HC12, classic; and K K-Si 17. variant. Immunoreactive IGF-I was
detected in medium conditioned by HC12 but not ICR-SC17. Both HC12
and ICR-SC17 bound IGF-I with 100-fold greater affinity than insulin.
Scatchard analysis revealed two classes of IGF-I binding site of high (A",,
0.1 UM,n = 2,300) and lower (A',,3 n\t, n = 28,000) alluni>. In both cell
lines |3H]thymidine incorporation was enhanced by recombinant human
IGF-I, 100-1000 ng/ml. ICR-SC17 also showed growth enhancement as
measured by increase in cell numbers. There was no response in HC12,
probably due to endogenous IGF-I production. I2'I-IGF-I binding and
basal and IGF-I-stimulated mitogenesis were inhibited by monoclonal
antibodies to IGF-I (SM1.20B, SMI.25) or the type I IGF receptor Â«IK,
but not an isotypic control monoclonal antibody. Antiproliferative effects
were manifest in [3H|thymidine incorporation assays in serum-free con
ditions and growth of serum-supplemented liquid cultures. We also tested
fresh or newly cultured tumor cells obtained by fine needle aspiration of
mÃ©tastasesin three previously untreated and four relapsed patients with
SCLC. IGF-I binding sites were demonstrable on fresh SCLC cells, and
specific binding was inhibited by SM1.20B. All seven samples showed
stimulation of | 'I I]th>midinc incorporation in the presence of recombinant

human IGF-I, 100-500 ng/ml. As in cultured cells, basal and IGF-I-
stimulated DNA synthesis was inhibited by monoclonal antibodies
SM1.20B, SMI.25, and Â«IR,but not the isotypic control. These results
confirm the findings of previous studies and suggest that IGF-I can
function as an autocrine growth factor in SCLC in vitro and possibly also

INTRODUCTION

Autocrine regulation describes the synthesis of growth factors
for which the cell possesses functional receptors. This process
contributes to the partial autonomy and rapid growth which
characterize malignant cells (1). Most SCLC3 cell lines express
neuroendocrine features (so-called "classic" SCLC) and synthe

size bombesin (M, 1620), or its mammalian homologue gastrin
releasing peptide A/r 2800 (2-4). Some also express bombesin
receptors and exhibit a mitogenic response to exogenous bom
besin (4-6). An anti-bombesin MoAb was shown to inhibit
SCLC growth in vitro and in vivo, suggesting that bombesin
may function as an autocrine growth factor in SCLC (7).
However, the faster-growing "variant" SCLC cell lines fail to
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express high levels of bombesin (2). Rapid proliferation here
may be attributable to synthesis of other growth factors or to
change in growth factor receptors or postreceptor signaling
pathways, rendering the cell more sensitive to, or independent
from, growth factor control (8).

In a previous report (9) we described the mitogenic properties
of tissue culture medium conditioned by classic SCLC cell line
HC12, which grows without added serum or hydrocortisone-
insulin-transferrin-estradiol-selenium (10). After concentration
by lyophilization and dialysis across a cellulose membrane (M,
10,000-12,000 cutoff), the medium contained no detectable
bombesin. Despite this it was mitogenic to classic and variant
SCLC cell lines (9). The concentrated medium was found to
contain immunoreactive insulin-like growth factor I (IGF-I),
prompting a study of the role of this factor in SCLC (11).
Radioimmunoassay (RIA) showed detectable IGF-I in cell ex
tracts derived from cultured SCLC cells and fresh SCLC tumor
tissue. rh-IGF-I enhanced [3H]thymidine incorporation in 3 of

4 SCLC cell lines tested (11). Assay of sera from patients with
SCLC revealed that IGF-I is not, however, a clinically useful
marker for SCLC ( 12). This present report describes the char
acterization of IGF-I binding sites on fresh and cultured SCLC
cells, correlates rh-IGF-I effects on [3H]thymidine incorpora

tion with growth in liquid culture, and assesses responses to
MoAbs directed against IGF-I and the type I IGF receptor.

MATERIALS AND METHODS

SCLC Cells

SCLC cell lines were established, cultured, and characterized as
previously described (2, 9, 13). Classic SCLC cell line HC12 was a gift
from Dr. G. Duchesne, Institute of Cancer Research, Sutton, United
Kingdom. It was cultured in RPMI 1640 tissue culture medium with
3.6 HIMglutamine, either without further additives (unsupplemented
RPMI) or with 5-10% FCS. Variant SCLC cell line ICR-SC17 was
derived in our laboratory from a lymph node biopsy in a 61-year-old
male smoker with a pulmonary mass and superior vena cavai obstruc
tion (9). It was grown in RPMI with 5-10% FCS. Cultures were
maintained at 37Â°Cin a gaseous mixture of 85% N2, 10% CO2, and

5% O2. Both cell lines were tested for Mycoplasma contamination
(Flow Laboratories, Ltd., Irvine, Ayrshire, Scotland) using fluorescent
and agar culture methods (14, 15) and were found to be negative.
Cultures of HC12 and ICR-SC17 4-8 days old were prepared for
binding studies and growth assays by syringing through 19-, 21-, and
23-gauge needles and washing in unsupplemented RPMI (centrifuged
for 5 min at 1000 rpm). Fresh SCLC tumor cells were obtained by fine
needle aspiration of metastatic lymph nodes or s.c. nodules. The cells
were taken into RPMI and were disaggregated by syringing as above.
Duplicate specimens were stained with Giemsa for cytopathological
analysis, to confirm SCLC morphology and to quantify tumor cells as
a proportion of total nucleated cells.

Peptides, Antibodies

Lyophilized rh-IGF-I was a gift from Dr. W. Marki and Dr. K.
Scheibli, Ciba-Geigy, Ltd., Basel, Switzerland. It was reconstituted in
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IGF-I IN SCLC

0.01 M HCI and diluted with 0.1 M Tris buffer, pH 8, and PBS to
achieve neutral pH and correct final concentration. lodinated rh-IGF-
I (125I-IGF-I, Thr5'; specific activity, 2000 Ci/mmol) and [3H]thymidine

(specific activity, 24 Ci/mmol) were from Amersham International,
Amersham, United Kingdom. '"I-IGF-I was reconstituted in 0.1 M

acetic acid. Lyophilized bombesin (Sigma Chemical Co., Ltd., Poole,
Dorset, United Kingdom) was reconstituted and diluted with PBS.
Bovine insulin (Sigma) was reconstituted in 0.1 M HC1 and diluted with
0.1 M Tris buffer, pH 9, and PBS. We used mouse anti-IGF-I MoAbs
SM1.20B (16) and SMI.25 (derived from more recent culture of the
clone synthesizing SM l.20B), and Â«IR3,directed against the type I IGF
receptor (17). All 3 are of the IgGi* idiotype. The Mark 1 antibody
(18) (mouse anti-rat IgG,/c) was used as a control in growth and binding
assays.

Radioimmunoassay for IGF-I

SCLC conditioned media were centrifuged (1000 rpm, 5 min), ly-
ophilized, and reconstituted in distilled water at one-tenth the original
volume. Each was assayed in parallel with a sample of unconditioned
medium of equivalent serum concentration. To assess the in vitro half-
life of IGF-I, samples of unconditioned media were supplemented with
known concentrations of rh-IGF-I and incubated at 37Â°C.Aliquots
were removed every 3-4 days and stored at -20Â°C. Samples of FCS,

RPMI plus rh-IGF-I, and SCLC conditioned media underwent acid-
ethanol extraction (19) (2 N hydrochloric acid:absolute ethanol, 1:7)
and were neutralized with Tris buffer. Duplicate aliquots were assayed
for IGF-I using a modification of a previously described technique (20).
Briefly, samples were mixed with anti-IGF-I MoAb BPL-M23 (21) and
I25I-IGF-I and incubated overnight at 4Â°C.All tubes received donkey

anti-mouse antibody with polyethylene glycol and were incubated for a
further 2 h at 4Â°C.After centrifugation (3000 rpm, 30 min, 4Â°C)the

supernatants were discarded and the pellets were counted on a gamma
counter. A standard curve was prepared using dilutions of rh-IGF-I
(Ciba-Geigy). The recombinant material was equipotent with both
purified IGF-I and diluted serum extract in its ability to bind to assay
antibodies. The detection limit was 0.5 ng/ml IGF-I, and pure prepa
rations of proinsulin and IGF-II exhibited 0.01% and 1% cross-reactiv
ity, respectively, in an assay system containing only antiserum and
tracer.

Receptor Studies

Immunofluorescence. Approximately 1-2 x IO6HCI2 cells/tube were

taken from cultures growing in unsupplemented RPMI. The cells were
placed without disaggregation into 10- x 60-mm plastic LP3 tubes
(Luckham, Ltd., W. Sussex, United Kingdom) which were centrifuged
(1000 rpm, 5 min), and the supernatants were discarded. The cell
pellets were resuspended in 50 M' PBS with aIR3, 30 Â¿ig/ml.Negative
control tubes received 50 ^1 PBS without Â«IR3.The cells were incubated
for 2 h at 4Â°C,washed with PBS, and mixed with 0.5 ml rabbit anti-

mouse immunoglobulin conjugated to fluorescein isothiocyanate iso
mer 1 (Dakopatts, Denmark), diluted 1:20 with PBS. After a further
incubation (30 min, 4Â°C),the cells were washed once with PBS and the

cell suspension was examined using phase contrast and fluorescence
microscopy.

lodinated Ligand Binding. A modification of the method of Misra et
al. (22) was used to study IGF-I binding to SCLC cells. Assays were
performed in LP3 tubes, which were prepared by the addition of 10 Â¿Â¿1
PBS or unlabeled rh-IGF-I (final concentration, 500 ng/ml). Each tube
received IO5 SCLC cells in 180 ^1 RPMI plus 0.5% BSA. The cells
were incubated at 4'C with '"I-IGF-I, 40,000-50,000 cpm in 10 ÃŸ\/

tube. At intervals of 2 h the cells were washed twice with RPMI plus
0.5% BSA, the supernatants were discarded and the pellets were
counted on a gamma counter. The results represent the mean of
duplicate estimations. NSB was defined as the percentage of radioac
tivity remaining bound in the presence of excess (500 ng/ml) unlabeled
IGF-I. For competitive binding assays, SCLC cells (10!/tube) were
incubated at 4Â°Cwith '"I-IGF-I (as above) and unlabeled IGF-I (1-500

ng/ml, 0.13-65 nM), insulin (1-10,000 ng/ml, 0.17-1700 nM) or
MoAbs SMI.20B, SM1.25, a!R3, or Mark 1 (0.15-lSOiig/ml, 1-1000

nM). After 2 h, the cells were washed and the cell pellets were counted
as above. NSB of IGF-I was subtracted from the total binding, and the
results were expressed as percentage of maximal binding in the absence
of unlabeled ligand. For Scatchard analysis (23), SCLC cells (105/tube)
were incubated at 4Â°Cwith 0-3.8 x 10~14mol '"I-IGF-I in the presence

or absence of unlabeled IGF-I 500 ng/ml. After 2 h the cells were
washed and counted as above.

Growth Assays

[3H]Thymidine incorporation assays were performed in unsupple
mented RPMI in sterile 96-well microtiter plates as described previ
ously (1). SCLC cells (6 x IO3cultured cells or 104-105 fresh nucleated
cells/well) were incubated for 46 h (37Â°C,5% CO2) in unsupplemented

RPMI with rh-IGF-I, 0.001-1000 ng/ml (0.13 pM-130 nM) and/or
bombesin 1-10,000 ng/ml (0.6-6000 nM) in the absence or presence of
SMI.25, aIR3, or Mark 1, 1-200 nM. All wells were labeled with 0.4
/Â¿Ci[3H]thymidine, and after 24 h the cells were harvested using an
Inotech 96-well cell harvester. For growth curves, SCLC cells were
cultured in unsupplemented RPMI or RPMI plus 5% FCS with PBS
(control wells) or rh-IGF-I (100 or 500 ng/ml), alone or with MoAbs
SMI.25 or Mark 1, 100 nM. Every 2-4 days viable cell numbers were
counted on a hemocytometer by trypan blue exclusion. Binding and
growth assays on fresh tumor cells were performed once. All experi
ments on cultured cells were repeated at least twice, and the results of
representative single experiments are given as the mean Â±SEM of
triplicate estimations. Statistical assessment of multiple variables used
one-way analysis of variance. If significant differences were found, this
was followed by Tukey's test or, when comparing a control group mean
with every other group mean, a two-tailed Dunnett's test (24).

RESULTS

IGF-I Secretion by Cultured SCLC Cells

Serial sampling of conditioned medium from cultures of
HCI2 in unsupplemented RPMI revealed a progressive rise in
immunoreactive IGF-I (Fig. 1). This pattern of steady accu
mulation is similar to the physiological release of IGF-I from
isolated perfused liver (25). We noted that IGF-I levels in
extracted but not unextracted medium diluted out in parallel
with standard IGF-I (data not shown). This result is compatible
with the presence of IGF-I binding proteins, which have been
shown to interfere with results in radioligand assays of unex
tracted sera (26). No exogenous protein had been added to these
HCI2 cultures, suggesting that the cells had synthesized the

Days

Fig. 1. HCI2 cells were grown in unsupplemented RPMI. Every 2 days viable
cells were counted by trypan blue exclusion, and conditioned medium was removed
for IGF-I assay, a, growth curve (mean Â±SEM of 3 cell counts); b, immunoreactive
IGF-I content of conditioned medium (mean Â±SEM of duplicate estimations).
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binding protein(s) in addition to the factor itself. IGF-I was not
detected in medium conditioned by ICR-SC17.

Characterization of IGF-I Binding Sites on Cultured SCLC Cells

Treatment of HC12 cells with Â«IR3followed by fluorescein
isothiocyanate-labeled second antibody revealed fluorescence
related to cell membranes (Fig. 2, a and b). This was a specific
effect, indicating the presence of membrane-bound type I IGF
receptors, as there was no significant fluorescence in negative
control preparations lacking first antibody (Fig. 2, c and d).
IGF-I binding sites were quantified using iodinated ligand bind
ing studies. '"I-IGF-I bound to both HC12 (classic SCLC) and
ICR-SC17 (variant SCLC). After 2 h incubation at 4Â°C,specific

binding reached a plateau at 10-13% standard (Fig. 3a). In
most assays NSB represented 10-30% total, probably attribut
able to ligand binding to dead cells. Fig. M> illustrates the
displacement of '"I-IGF-I from HC12 by unlabeled IGF-I or
insulin. IGF-I bound with high affinity, causing displacement
to 70% of maximal levels at only 1-5 ng/ml and half-maximal
displacement at 10-20 ng/ml. There was no displacement of
'"I-IGF-I from either cell line by insulin 1-100 ng/ml. Signif

icant effects were seen only at levels of 1 Mg/ml or above, with
half-maximal displacement by 1-2 ng/m\ insulin. Thus there
was 100-fold lower affinity for insulin than IGF-I. Scatchard
analysis (23) revealed a curvilinear plot, suggesting the presence
of 2 classes of binding site of high and lower affinity (Fig. 3c).
Analysis of the high affinity component showed a Kd of 0.1 nM,
with approximately 2,300 binding sites per cell. Analysis of the
lower affinity component revealed a Kd of 3 nM, with 28,000
sites/cell. These results may underestimate the true number of

Fig. 2. Clusters of HC12 cells, a, Â«IRjtreated cells, phase contrast; b, same
field as o, showing fluorescence related to cell membranes: c, negative control
preparation lacking ..IK,, phase contrast; </.same field as r. showing no significant
fluorescence, x 250.
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Fig. 3. Characterization of IGF-I binding sites on HC12 cells, a, kinetics of
'"I-1GF-I binding at 4*C. â€¢¿�.total binding; D. specific binding: â€¢¿�nonspecific
binding in presence of unlabeled rh-IGF-I, 500 ng/ml. b. displacement of '"!-
IGF-I by unlabeled rh-IGF-I (â€¢)or insulin (D). c, Scatchard analysis of '"I-IGF-

I binding to HC12cells.
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Fig. 4. Effect of rh-IGF-I (A), bombesin (d) or rh-IGF-I plus bombesin. 1 *%/
ml (â€¢).on [JH|thymidine incorporation by ICR-SCI7.

binding sites for IGF-I. Potential sources of error include
receptor occupancy by endogenous ligand and the propensity
of the cells to clump, thus concealing part of the cell membrane
from '"I-IGF-I.

Effect of rh-IGF-I on Growth of SCLC Cells

We have previously reported enhancement of [3H]thymidine
incorporation by cultured SCLC cells in response to rh-IGF-I
(11). Maximal effects were obtained with rh-IGF-I, 100-500
ng/ml, and amounted to approximately 200% control levels
(11). Here we have compared the IGF-I response to that ob
tained with bombesin and have assessed the 2 peptides in
combination (Fig. 4). Low levels (0.001-1 ng/ml) of rh-IGF-I
had no effect on DNA synthesis. Significant enhancement was
seen at 10 ng/ml (130% control, P< 0.05), with greater effects
at 100-1000 ng/ml (240-275%, P < 0.01). There was no
response to bombesin, 1-10,000 ng/ml. The addition of bom
besin, 1 Mg/ml, caused a modest increase in the response to
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suboptimal levels of rh-IGF-I (155% versus 115% at 1 ng/ml;
160% versus 130% at 10 ng/ml) but these differences were not
statistically significant. Bombesin had no effect on the response
to 100-1000 ng/ml IGF-I (Fig. 4).

To confirm that IGF-I enhances SCLC growth as well as
stimulating [3H]thymidine incorporation, serial cell counts were

performed on cultures growing in the presence and absence of
rh-IGF-I, 100 or 500 ng/ml. The addition of rh-IGF-I made no
difference to the growth of classic cell line HC12 when assays
were performed in unsupplemented RPMI or RPMI with 5%
PCS (data not shown). Variant cell line ICR-SC17 was tested
in RPMI with 5% PCS, and here cell numbers were higher in
cultures supplemented with rh-IGF-I (Fig. 5). This difference
was significant for IGF-I, 100 ng/ml, on days 7-13 (P < 0.05)
and for IGF-I, 500 ng/ml, on days 5-17 (P < 0.01). The
maximum effect was observed on day 13 and amounted to
135% of the control count at 100 ng/ml, and 160% at 500 ng/
ml. These differences were smaller than the effects on [3H]

ih\inuline incorporation. In an attempt to explain this discrep
ancy and the lack of response by HC12, we performed RIA of
PCS and samples of RPMI supplemented with rh-IGF-I. PCS
contained approximately 40 ng/ml immunoreactive IGF-I.
Thus in growth assays in RPMI plus 5% PCS, both control and
test cultures had 2 ng/ml IGF-I from FCS. RIA also revealed
that rh-IGF-I has a half-life at 37Â°Cof 14 days in the presence

of 5% PCS, but in unsupplemented medium <5% of added
levels were detectable from days 1 to 14. Clearly rh-IGF-I is
very unstable at neutral pH without added protein. This may
explain the lack of response by HC12 in unsupplemented
RPMI. Lack of effect in serum-supplemented medium may be
due to the presence of FCS-derived IGF-I in control and test
cultures and to endogenous IGF-I production by the SCLC
cells themselves (see Fig. 1). HC12 conditioned medium and
5% PCS contain much less IGF-I than was added here. The
recombinant material is equipotent in radioligand assays (27)
but could be less bioactive, and it is possible that a low level of
natural peptide is sufficient to optimize growth.

Monoclonal Antibodies to IGF-I and the Type I IGF Receptor

Effect on IGF-I Binding. Specific IGF-I binding to SCLC
cells was completely abolished in the presence of the anti-IGF-
I MoAbs SM1.20B or SMI.25, 1-1000 nM (Fig. 6a). Low
levels of binding (<10% maximal) were detectable in the pres
ence of the anti-type I receptor MoAb Â«IR3,1 and 10 n\i, but
specific binding was totally blocked by Â«IR3,100-1000 nM.
The isotypic control MoAb Mark 1 had no effect on '"I-IGF-I

binding to SCLC cells.

3-

5 10 15 18
Days

Fig. 5. Growth of ICR-SC17 in the presence of; x, no added factor; A, rh-
IGF-I. 100 ng/ml; A. rh-IGF-I. 500 ng/ml; O. SM.125. 100 nM: â€¢¿�.SMI.25. 100
nM. plus rh-IGF-I. 100 ng/ml; D, Mark 1. 100 nM; â€¢¿�Mark 1. 100 nM. plus rh-
IGF-I. 100 ng/ml. Where no bars are shown, the SEM is smaller than the symbol
used to represent the mean.
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Fig. 6. Effects on ICR-SC17 of MoAbs lo IGF-I and the type I IGF receptor,
a. '"1-IGF 1 binding in the presence of SM1.20B (â€¢),SMI.25 (O), Â«IR3(A), or
Mark 1 (x); ft. effects on ['H]thymidine incorporation in the absence of added rh-
IGF-I, legend as a; c. effects on ['Hjthymidine incorporation in the presence of
rh-IGF-I alone (A), rh-IGF-I plus SMI.25. 100 nM (O). rh-IGF-I plus Â«IRj,100
nM (A), rh-IGF-I plus Mark 1, 100 nM (X).

Effect on Growth. First we assessed effects on basal [3H]-
thymidine incorporation (Fig. 6b). Both anti-IGF-I MoAbs
caused significant inhibition of DNA synthesis at all concentra
tions tested. Effects with SM1.20B were modest (90% control
at 10 nM, P < 0.05; 75% at 100 nM, P < 0.05; 55% at 200 nM,
P< 0.01), while SMI.25 was more potent especially at 10 and
100 nM (65 and 45%, respectively; P < 0.01 in each case).
Similar inhibitory effects were observed in the presence of Â«IR3;
['H]thymidine incorporation was reduced to 80% at 10 nM (P

< 0.05) with a plateau at 100-200 nM (55%, P < 0.01). Since
no exogenous IGF-I had no added in this series of assays,
inhibition was presumably due to interference with the mito-
genie effects of endogenous IGF-I.

Fig. 6c shows the effect of SMI.25 or Â«IR,, 100 nM, on the
response of ICR-SC17 to exogenous IGF-I. Both MoAbs sup
pressed the effects of rh-IGF-I, reaching significance for
SMI.25 at 1-100 ng/ml IGF-I, and for Â«IR3at 10 and lOOng/
ml (P < 0.01 by Tukey's test for comparison of IGF-I effect

with or without MoAb). Indeed DNA synthesis at these con
centrations was suppressed below control levels, suggesting, as
above, inhibition of the effects of endogenous IGF-I. We have
not been able to detect immunoreactive IGF-I in ICR-SC17
cells or conditioned medium (see above and RÃ©f.II). The
inhibitory effect of SMI.25 in this cell line could be due to
persistence of serum IGF-I carried over from previous culture
in 5% PCS, or alternatively to the presence of endogenous IGF-
I below the limits of detection. Neither SMI.25 nor aIR3 was
able to reverse the mitogenic effect of "excess" (500 ng/ml) rh-

IGF-I. The control MoAb Mark 1 had no significant effect on
['H]thymidine incorporation, either in the absence (Fig. 6b) or

presence (Fig. 6c) of added IGF-I.
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To correlate MoAb effects on DNA synthesis and growth,
we assessed the response of ICR-SC 17tolOOnMSM1.25 alone
or with rh-IGF-I, 100 ng/ml (Fig. 5). There was marked growth
delay in cultures exposed to SMI.25 alone (P < 0.01 on days
5-17). The addition of IGF-I made little difference; cell counts
in cultures supplemented with both IGF-I and SMI.25 were
significantly lower than those in controls (P < 0.01 on days 3-
17) and cultures growing with IGF-I alone (P < 0.05 on day 3,
P < 0.01 thereafter). This was a specific effect, because the
isotypic control Mark 1 did not inhibit cultures growing in the
presence or absence of IGF-I (Fig. 5).

Effects of rh-IGF-I and Anti-IGF MoAbs in Fresh and Newly
Cultured SCLC Cells

Fresh tumor cells were obtained by fine needle aspiration of
metastatic lymph nodes or subcutaneous nodules in 7 patients
with histologically (5 cases) or cytologically (2) proven SCLC.
Three had no previous treatment and the other 4 had relapsed
after combination chemotherapy (see Table 1). Aliquots of cell
suspension were stained with trypan blue, and were >80% viable
with little cell debris. The yield of a single aspirate was 105-5
x IO6viable nucleated cells from each patient. Cytopathological

analysis confirmed that all aspirated samples had typical fea
tures of SCLC. The tumor cells comprised 80-100% of total
nucleated cells, the remainder being mature lymphocytes. Sam
ples 1-6 were tested immediately after aspiration. Sample 7
was cultured in RPMI plus 5% FCS where it showed rapid
growth in suspension of small clumps, chains, and single cells
[type III morphology, indicative of the variant phenotype (2)].
The cells were tested after 1 week (2 passages) in culture.
Longer-term culture of this and other similar aspirated samples
has shown negligible contamination with fibroblasts. All sam
ples were used in ['H]thymidine incorporation assays to assess
the effects of rh-IGF-I and, where cell numbers permitted, the
anti-IGF MoAbs.

In 2 samples (Table 1, sample nos. 5 and 6) there were
sufficient cells to perform simple ligand binding assays. Specific
'"I-IGF-I binding was demonstrable in both cases. In sample 5

total binding comprised 5% standard, and specific binding was
65% total. Cells from sample 6 were used in a competitive
binding assay, the results of which are shown in Fig. 76.
Unlabeled rh-IGF-I caused displacement of iodinated IGF-I
with a half-maximal effect at 18 ng/ml, similar to the pattern
in cultured SCLC cells. Displacement of '"I-IGF-I was also

observed in the presence of MoAb SM1.20B, but the inhibitory
effect (half-maximal at 25 nM) was less potent than in the cell
lines (Fig. 3Â¿>).

Table 1 summarizes the responses to rh-IGF-I, 500 ng/ml.

Table 1 Effect of rh-IGF-I, 500 ng/ml, or anti-lGF MoAbs, 100 niu, on f'H/-
thymidine incorporation by fresh and newly cultured SCLC cells'

PatientNo.
/sex/age(yr)l/F/772/M/573/F/604/F/675/F/586/M/727/M/77PrevioustreatmentNilCTCTCTCTNilNilSiteaspirationSubcut*SCFLNSCFLNAxil

LNSCFLNIngLNSCFLN%of

control['Hlthymidine
incorporationIGF-I141

Â±Ie184
Â±4C129

Â±Â¥154
Â±\%"206
Â±S'133

Â±9C174
Â±1'SM1.25ND78

+2C31
Â±IeND84

Â±8ND71

Â±2CalRjND84

+3"44
Â±IeNDNDNDND

* Samples 1-6, fresh tumor cells: sample 7, newly cultured cells. Fig. 7 gives

further results from case 6.
* Subcut. s.c. nodule; CT, chemotherapy; SCF LN, supraclavicular lymph node;

Axil LN, axillary lymph node; Ing LN, inguinal lymph node; ND, not done.
' P < 0.01, significance of difference from control levels.
Ã¤P < 0.05. significance of difference from control levels.
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0 1 10
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Fig. 7. Effect of rh-IGF-I and SM1.20B in fresh SCLC cells, a. fresh cells
obtained by fine needle aspiration of a metastatic inguinal lymph node were taken
into unsupplcmcntcd RPMI. and a drop of the cell suspension was smeared on a
slide. The SCLC cells are pale staining with scanty cytoplasm and show the
characteristic "nuclear molding" where one nucleus indents its neighbor. Approx
imately 85r; of nucleated cells are SCLC. and the smaller, darkly staining cells
are mature lymphocytes. Giemsa. x 500. The remainder of the cell suspension
was used as described in "Materials and Methods;" the results are illustrated in
b and c. b. displacement of '"I IGF I by unlabclcd rh-IGF-I (A) or SM 1.20B (O):
c, effects on [sH]thymidine incorporation of rh-IGF-I alone (A). rh-IGF-I plus
SM1.20B. 100 n\t (O), or rh-IGF-1 plus Mark I, 100 nM (x).

Cells from each patient showed stimulation of DNA synthesis
ranging from 130 to 200% of control (P< 0.05). The effects of
SMI.25 or Â«IR3were assessed in 4 samples. SMI.25, 100 nM
caused inhibition of basal DNA synthesis to 30-80% of control
levels. These results were statistically significant (P < 0.01) in
3 of 4 cases. In cells from 2 patients 100 nM Â«IR,inhibited
[3H]thymidine incorporation to 44% (P < 0.01) and 84% (P <

0.05) of control levels. MoAb SM1.20B was targeted against
cells from sample 6, in the absence or presence of rh-IGF-I 1-
500 ng/ml. Fig. 7c shows that ['Hlthymidine incorporation was

enhanced by rh-IGF-I, with maximal stimulation at 100 ng/ml
(170% control, P< 0.01). SM1.20B, 100 nM, alone suppressed
basal DNA synthesis to 75% control levels (/>< 0.05) and also
inhibited the response to exogenous rh-IGF-I (94% versus 143%
control at 10 ng/ml, P < 0.01). Inhibition of basal or IGF-I-
stimulated DNA synthesis was not observed with Mark 1, the
control MoAb (Fig. le). Thus the effects of the anti-IGF-I
MoAbs in fresh and newly cultured cells were comparable with
the degree of suppression observed in established cell lines (Fig.
6, b and c).
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DISCUSSION

IGF-I (also known as somatomedin C) is a basic peptide of
70 amino acids and a molecular weight of 7649 the physiolog
ical role of which is mediation of the effects of growth hormone.
It is carried in serum by binding proteins with molecular weights
of 40,000-150,000 (28). The liver is the major source of the
factor and its binding proteins, but other organs including lung
contribute to serum IGF-I (25, 29). It has acute insulin-like
anabolic effects on adipose tissue, muscle, and liver and also
stimulates DNA synthesis and growth in many mesenchymal
derivatives (25). IGFs have recently been shown to be important
in lung development (30). Like bombesin, IGF-I is mitogenic
to normal bronchial epithelium (31, 32) and is involved in the
regulation of metabolism and growth in the intestine and its
adnexae (33-35). This is a reflection of the common embryo-
logical origin of the lungs and gastrointestinal tract. IGF-I may
function as an autocrine growth factor in several in vitro sys
tems, including cultured human breast carcinoma cells and non-
small cell lung cancer (31, 36-38).

We reported previously that immunoreactive IGF-I is detect
able in primary and metastatic SCLC tumor tissue and in most
SCLC cell lines (11). We have shown here that HC12 cells
secrete IGF-I into culture medium, with RIA results suggesting
synthesis of IGF-I binding proteins. The presence of a high
molecular weight IGF-I/protein complex would be consistent
with retention of IGF-I by the A/r 10,000-12,000 cutoff dialysis
tubing we had used to prepare concentrated HC12 conditioned
medium (9). Binding proteins are important in transport and
delivery of IGF-I to target cells and usually reduce the biological
activity of bound factor (25). However, IGF binding proteins
can also enhance the response to IGF-I in human, mouse, and
chick embryo fibroblasts (39, 40).

Classic and variant SCLC cells have been shown to possess
high affinity binding sites for IGF-I. Scatchard analysis sug
gested the presence of two classes of receptor, of high (Kd 0.1
nM, n = 2,300) and lower (Kd 3 nM, n = 28,000) affinity. The
high affinity binding site is probably the type I IGF receptor,
which is distinguished from the insulin receptor by its ability to
bind IGF-I with 100-1000-fold higher affinity than it binds
insulin (41). These figures are compatible with the results of
competitive binding studies performed here on SCLC. The
nature of the IGF-I binding sites on SCLC cells is generally-

consistent with reports characterizing these receptors in other
cell systems. For example cultured human breast cancer cells
possess IGF-I receptors with Kds of 0.5-4 nM (36).

Most SCLC cell lines respond to rh-IGF-I in assays meas
uring [3H]thymidine incorporation (11). IGF-I appears to be a

more potent mitogen than bombesin under comparable exper
imental conditions. We have been unable to show that bombesin
alone stimulates the growth of SCLC cells in vitro, although it
may enhance the response to low levels (1-10 ng/ml) of IGF-I.
This finding is of interest given reports of synergy between
bombesin and insulin in Swiss 3T3 cells (42). We have con
firmed that IGF-I-induced stimulation of ['H]thymidine incor

poration correlates with true growth enhancement as measured
by serial cell counts. The effect was demonstrable in SCLC cell
line ICR-SC17, which does not express detectable IGF-I, but

not in HC12, which does. These results may be partly attrib
utable to the documented instability of rh-IGF-I in solution or
to the presence in both control and test cultures of FCS-derived
IGF-I. However, the major factor is likely to be endogenous
IGF-I production by the SCLC cells themselves. Of relevance
to these observations is a report that murine cells lose the ability

to respond to exogenous IGF-I following transformation to
produce biologically active rh-IGF-I (43). Our results in SCLC
show that IGF-I binding and the mitogenic response to endog
enous or exogenous IGF-I can be blocked by MoAbs directed
against IGF-I (SM1.20B, SMI.25) or the type I IGF receptor
(Â«IR3).Inhibition of DNA synthesis was accompanied by inhi
bition of cell growth in serum-supplemented liquid culture.

Early studies testing IGFs in SCLC gave negative results
(10), probably because growth assays were performed in the
presence of insulin, used rat IGF-II rather than human IGF-I,
and the target cell lines was NCI-H69, which synthesizes de
tectable IGF-I and is refractory to exogenous factor (11). In
addition to our previous report (11), 2 other groups have
published more recent studies on the role of IGF-I in established
SCLC cell lines. Both detected IGF-I in cell extracts (44, 45),
and assay of conditioned media suggested, as here, the presence
of IGF-I binding proteins (44). Jaques et al. (44) found a single
class of IGF-I binding site but the results of Nakanishi et al.
(45) were similar to ours, with 2 classes of receptor of high (A"d

1.3 nM) and lower (4 nM) affinity. Mitogenic effects of rh-IGF-
I were measured by [3H]thymidine incorporation (44) or a
tetrazolium-based colorimetrie assay (MTT assay), the latter
also showing inhibition in the presence of Â«IR3(45).

Continuous cell cultures represent a convenient, reproducible
model in which to study growth factor effects. However, there
are obvious limitations in extrapolating from in vitro studies of
cultured cells to clinical tumors (46). Therefore in addition to
experiments on established cell lines, we performed assays on
fresh and newly cultured tumor cells taken directly from pa
tients. Fine needle aspiration is a simple method of obtaining
viable tumor cells, without the tissue debris and fibroblasts
often present in cell suspensions prepared from solid tumor
biopsies. This technique is readily applicable to metastatic
deposits, but primary tumors are less accessible. Other short
comings include lack of reproducibility and the presence of
contaminating lymphocytes, which may be responsive to IGF-
I (47). However, SCLC cells comprised 80-100% of total
nucleated cells in our aspirated samples and would probably
have the major effect on experimental results. Our results show
that fresh SCLC cells possess IGF-I binding sites. Both fresh
and newly cultured cells exhibited a mitogenic response to rh-
IGF-I and showed inhibition of basal and IGF-I stimulated
DNA synthesis in the presence of MoAbs to IGF-I or the type
I IGF receptor. These results correlated well with findings in
established cell lines and suggest, together with our earlier
report of detectable IGF-I in fresh SCLC tumor tissue (11),
that IGF-I may function as an autocrine factor for SCLC in
vitro and in vivo.
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