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ABSTRACT

The production of immunoreactive somatomedin-C/insulin-like growth
factor I (Sm-C/IGF-I) by the established cell line derived from a human
lung carcinoma CALU-6 has been evidenced in the serum-free medium

in increasing concentrations as a function of the incubation time. Gel
filtration in acid conditions of cell-conditioned medium collected after 72
h showed peaks of immunoreactive Sm-C/IGF-I in the elution volume
corresponding to the molecular weight of the synthetic Sm-C/IGF-I, and
in the high molecular weight region, where specific binding sites for Sm-
C/IGF-I could be also demonstrated. These results indicate that this
established cell line produces high amounts of immunoreactive Sm-C/
IGF-I and of Sm-C/IGF-I carrier protein. The pooled fractions corre
sponding to the molecular weight of synthetic Sm-C/IGF-I showed a
competitive binding curve parallel to the standard in the Sm-C/IGF-I

RIA system, and a mitogenic activity on cells from the same line similar
to the one observed using two different pure Sm-C/IGF-I preparations,

obtained by chemical synthesis or by DNA recombinant technology.
When a monoclonal antibody (sm-1.2) raised against Sm-C/IGF-I was

added into the medium, the mitogenic effect observed by both synthetic
and cell-derived Sm-C/IGF-I peptide was completely abolished; the

monoclonal antibody also partially inhibited the effect of 109! fetal calf
serum and the thymidine incorporation observed in serum-free medium
without growth factors. In serum-free medium the monoclonal antibody

produced a 45% reduction of cells in S phase by thymidine labeling index
without modification of the growth fraction as determined by primer-
dependent a-DNA polymerase labeling index. In conclusion it seems that
Sm-C/IGF-I has a critical role in the autocrine stimulation of the repli

cation of this cell line.

INTRODUCTION

Cell growth is influenced by various factors, hormones, nerv
ous elements, cell-to-cell contacts, extracellular matrix, and a
heterogeneous group of polypeptides, known as growth factors,
which act through specific plasma membrane receptors in stim
ulating cell replication. Among them is Sm-C/IGF-I3, a 70
amino acid growth hormone-dependent basic peptide (1-2),
synthesized ubiquitously by a number of different cell types (3-
5) and fetal tissues (6). Somatomedin-C/IGF-I has been shown
to stimulate progression of quiescent BALB/c3T3 cells which
have previously been rendered competent by exposition to
platelet-derived or fibroblast growth factor (7, 8). It has also
been shown that the combination of platelet-derived growth
factor with Sm-C/IGF-I and epidermal growth factor can com
pletely replace plasma in stimulating progression of cells
through the cell cycle (9, 10), and that a monoclonal antibody
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to Sm-C (sm-1.2 MoAb) blocks the stimulation of DNA syn
thesis by human plasma or calf serum (11). It seems, therefore,
that Sm-C/IGF-I is a powerful ubiquitously produced growth
factor which may exert its action on the cells that produce it or
on adjacent tissues. Since it has been postulated that cancer
cells could stimulate their own replication in an autocrine way
by producing the growth factors required for progression
through the cell cycle (12, 13), the production of Sm-C/IGF-I
as well as its membrane receptors in established cell lines mainly
derived from mammary cancer have been studied (14-17). In a
previous report (18) we demonstrated that tissue extracts from
malignant lung tumors, obtained after surgery, contain a higher
amount of IR Sm-C/IGF-I with respect to normal lung tissue,
not due to blood contamination, but we could not demonstrate
whether this in situ produced growth factor was synthesized by
neoplastic or by interstitial cells.

We demonstrate here that an established human lung cancer
cell line, called CALU-6 (19), releases high amounts of Sm-C/
IGF-I into the culture medium, and that the sm-1.2 MoAb (11,
20) blocks the mitogenic effect of this autocrinously produced
growth factor as well as that of exogenously added synthetic
Sm-C/IGF-I.

MATERIALS AND METHODS

The cell CALU-6 line (19) was obtained from the American Type
Culture Collection (Rockville, MD). Cells were grown in MEM, sup
plemented with 10% FCS-2% glutamine, 200 mM-1% nonessential
amino acids (Flow Laboratories, Irvine, United Kingdom)-20 mg/dl
gentamycin, and maintained in an atmosphere of 95% air and 5% COj
at 37'C.

To assess immunoreactive Sm-C/IGF-I production, 130,000 cells/
ml were plated in triplicate in 35-mm diameter dishes in MEM con
taining 10% FCS. After 24 h, cells were washed three times with HBSS
and placed in serum-free MEM. Cells were counted and media collected
for Sm-C/IGF-I determination every 24 h during the following 6 days.

To characterize this immunoreactive Sm-C/IGF-I, cells were grown
to subconfluence in 75-cm2 culture flasks in MEM-10% PCS and placed
in serum-free MEM after extensive washing. Seventy-two h later, the

medium from multiple flasks was pooled, dialyzed 16 h against l M
acetic acid in Spectapore 6 membranes (Spectrum Medical Ind Los
Angeles, CA), lyophilized, redissolved in 1 ml 0. S M acetic acid-0.6 M
NaCl, and chromatographed in Sephadex G-SO equilibrated with 0. l M
acetic acid-0.15 M NaCl. Fractions of 0. \-Kâ€žintervals were lyophilized,
reconstituted in phosphate buffered saline (Flow Laboratories Irvine,
United Kingdom), and tested for IR Sm-C/IGF-I content and Sm-C/
IGF-I specific binding capacity.

The fractions obtained by acid chromatography of medium corre
sponding to the molecular weight of synthetic Sm-C/IGF-I (cell derived
Sm-C/IGF-I) were pooled and tested for mitogenic activity on cells
from the same line. Cell proliferative response to the cell-derived Sm-
C/IGF-I and to two pure Sm-C/IGF-I preparations obtained by solid-
phase synthesis or by DNA recombinant technology (generous gifts
from Dr. Choh Hao Li, University of California, San Francisco, CA
(21) and from Drs. L. Fryklund and A. Skottner, Kabi AG, Stockholm,
Sweden, respectively) was evaluated by measuring [3H]thymidine incor
poration in the absence and presence of the anti-Sm-C/IGF-I sm-1.2
MoAb (11, 20) (generously provided by Dr. J. J. Van Wyk, University
of North Carolina, Chapel Hill, NC) and by cell counting.
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Somatomedin-C/IGF-I was measured by radioimmunoassay using
the immunochemicals and trace provided by Nichols Institute (San
Juan Capistrano, CA); the standard curve was performed by a pure
(Threonine-59)-Sm-C/IGF-I preparation obtained by DNA recombi
nant technology (Amgen, Thousand Oaks, CA). Sensitivity of the assay
was 90 PR/nil.

Sm-C/IGF-I specific binding was measured by overnight incubation
at 4Â°Cof 100-/il samples with about 20,000 cpm radioiodinated (Thre-

onine-59)-Sm-C/IGF-I (Amersham Corp., Amersham, United King
dom) in 0.05 M sodium phosphate buffer containing 0.25% BSA to a
final volume of 500 n\. Protein-bound Sm-C/IGF-I was separated by
addition of 500 n\ 2% charcoal suspension in assay buffer containing
2% BSA and 20-min centrifugation at 3000 x g in a refrigerated
centrifuge. Specific binding was determined in each sample as the
difference between the radioactivity bound in the absence and presence
of a saturating amount of partially purified Sm-C/IGF-I.

For thymidine incorporation studies cells were grown to subconflu-
ence in 200 n\ of MEM supplemented with 10% PCS in 96-well
microtiter plates. The monolayers were then washed in HBSS and
replaced in serum-free MEM containing 0.1% BSA. Twenty-four h
later the medium was replaced with serum-free MEM containing the
test substances and 1 fiCi/well [methyl-3H]tiiymidine (activity, 5 Ci/

mmol; Amersham Corp.). After 24 h incubation, the radioactivity in
the acid insoluble material was measured (11). Each experiment was
performed in triplicate. All results are expressed as a percentage of
increase in thymidine incorporation with respect to cells maintained in
MEM containing 0.1 % BSA only. In parallel experiments, cells grown
and treated as described were trypsinized and counted in a hemocyto-
metric camera after 72 h incubation in serum-free MEM containing
the test substances.

For kinetic determinations, cells were grown to subconfluence in 35-
mm diameter dishes, and then placed in serum-free MEM containing
0.1% BSA. Twenty-four h later medium was discarded and replaced
with fresh MEM containing the sm-1.2 MoAb (100 nM) or/and syn
thetic Sm-C/IGF-I (10 ng/ml). After 20 Â±2 (SEM) h cells were
detached by trypsin, washed, resuspended in HBSS, and processed for
the TLI, which indicates the percentage of S-phase cells (22) and for
PDP-LI, providing an evaluation of the cell growth fraction on the
basis of the presence of DNA polymerase, which is associated with cell
proliferation independent of the cell cycle phase (23, 24).
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Fig. 1. Growth curve and IR Sm-C/IGF-I concentration in serum-free medium
of CALU-6 cells (example of one experiment). One hundred thirty thousand
cells/ml were plated in 35-mm diameter dishes in MEM containing 10% FCS in
triplicate. After 24 h cells were washed in HBSS and replaced in serum-free
MEM. Cells were counted and media collected for Sm-C/IGF-I determination
every 24 h during the following 6 days.

RESULTS AND DISCUSSION

The presence of IR Sm-C/IGF-I was found in the cell-
conditioned medium in increasing concentration as a function
of the incubation time (Fig. 1). Gel filtration of the medium
collected after 72 h incubation evidenced peaks of inumino
reactivity in the high molecular weight region and in the elution
volume corresponding to the molecular weight of synthetic Sm-
C/IGF-I (Fig. 2, top). Analysis of Sm-C/IGF-I specific binding
showed the presence of binding ability only in the high molec
ular weight region (Fig. 2, bottom), suggesting that the immu-
noreactivity of the first peak is due to interference by free
binding sites in the immunoassay. The second peak evidenced
a displacement curve parallel to the standard used in radio
immunoassay system (Fig. 4). These results show that this
established cell line produces a high amount of IR Sm-C/IGF-
I and Sm-C/IGF-I carrier protein.

In order to test whether this cell line is sensitive to the
mitogenic effect of IGF peptides we studied the effect of two
pure Sm-C/IGF-I synthetic preparations and observed a dose-
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Fig. 2. Sephadex G-SO elution pattern of CALU-6 conditioned medium. A

pool of medium was collected after 72 h incubation with cells, dialyzed overnight
against 1 M acetic acid, lyophilized, redissolved in 0.5 M acetic acid-0.6 M NaCI,
and applied to the column (1.5 x 90 cm; eluant, 0.1 M acetic acid-0.6 M NaCI).
Fractions of 0.1 K., were tested for IR Sm-C/IGF-I content (top) and for Sm-C/
IGF-I specific binding (bottom). I, elution volume of '"I-authentic Sm-C/IGF-I.
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related increase of thytnidine incorporation reaching the max
imum between 5 and 10 ng/ml (Fig. 3). Cell number showed
an increase, reaching the maximum at concentrations between
10 and 25 ng/ml (52 Â±5.12%, with respect to cells maintained
in MEM containing 0.1% BSA only). The cell-derived Sm-C/
IGF-I showed a superimposable mitogenic effect, as evaluated
by thymidine incorporation (Fig. 4) and by cell counting. This
maximum effect was, however, lower than the one observed
with 10% PCS, suggesting that these cells are sensitive to IGF,
although this growth factor cannot completely replace the ac
tion of serum (Fig. 5).

The superimposable displacement curve in the radioimmuno-
assay system and biological activity are evidence that both cell-
derived and synthetic Sm-C/IGF-I share identical immunolog-
ical and mitogenic properties and suggest that these two pep-
tides are similar, if not identical.

When the anti-Sm-C/IGF-I sm-1.2 MoAb was added, the
stimulatory effect observed by both synthetic and cell-derived
Sm-C/IGF-I was neutralized in a dose-dependent manner,
while a nonspecific monoclonal antibody of the same class of
sm-1.2 MoAb generated in the mouse against a T-lymphocyte
antigen (anti-Leu-2a, IgG Kl) did not produce any effect in
thymidine incorporation studies (Fig. 5) or in cell number or
kinetics studies up to a concentration of 200 IIM. The specific
MoAb partially inhibited the effect of 10% PCS, the basal
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Fig. 3. Dose-response citivi by two pure Sm-C/IGF-I preparations obtained
by DNA recombinant technology (li) or by solid-phase synthesis (D) on | 'I I]
thymidine incorporation of CALU-6 cells. Results are expressed as a percentage
of increase in thymidine incorporation with respect to cells maintained in MI-M
0.1% BSA only. Columns, mean; bars, SEM.

thymidine incorporation (Fig. 5), and the number (15 Â±7%) of
cells grown without growth factors.

Binding of iodinated IGF-I to sm-1.2 MoAb was reduced by
addition of increasing amount of partially purified cell-derived
IGF-I (from 7% at a concentration of 50 pg/tube to 82% at a
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Fig. 5. Top, D, dose-response effect of the anti-Sm-C/IGF-I sm-1.2 mono
clonal antibody on CALU-6 [3H]thymidine incorporation stimulated by synthetic
Sm-C/IGF-I (10 ng/ml); D, effect of a nonspecific antibody (200 nM) on CALU-
6 |'ll|thsmulinc incorporation stimulated by synthetic Sm-C/IGF-I (10 ng/ml).
Bottom, effect of 10% PCS, synthetic Sm-C/IGF-I (5 ng/ml), cell-derived Sm-C/
IGF-I (5 ng/ml) alone (U) and in combination with the sm-1.2 MoAb (200 nM,
D) on CALU-6 ['I I|ihymidinc incorporation. Results are expressed as a percent

age of increase in thymidine incorporation with respect to cells maintained in
MEM-0.1% BSA only. Columns, mean; bars, SEM.

_Â» (Thr 39>8m CIOF I

-, CD Sm C IOF I

F

SO

10 100 1000 SmCIOFI CD 8m C IOK I

8m C IOF I pg tube

Fig. 4. Left, competitive binding curve on Sm-C/IGF-I antiserum of cell-derived (CD) Sm-C/IGF-I as compared with pure Sm-C/IGF-I; right, effect of synthetic
and cell-derived Sm-C/IGF-I (5 ng/ml) on CALU-6 ['Hjthymidine incorporation. Results are expressed as a percentage of increase with respect to cells maintained
in MEM-0.1% BSA only. Columns, mean; bars, SEM.
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concentration of 5000 pg/tube), confirming the interaction
between this antibody and the cell-derived K il- I.

Addition of synthetic Sm-C/IGF-I into the medium increased
both PDP-LI and TLI, and the presence of the MoAb prevented

this increase, underlining again the sensitivity of this cell line
to the mitogenic effect of Sm-C/IGF-I (Fig. 6).

The observation that in serum-free medium the MoAb re
duced about 45% of the cell TLI without affecting the PDP-LI
(Fig. 6) is evidence that the anti-Sm-C/IGF-I monoclonal an
tibody reduces the number of cells in S phase without affecting
the growth fraction. Since out-of-cycle and dead cells are not
PDP-LI positive (23), these results are further evidence of the
nontoxic effect of this antibody.

In conclusion, the data reported in this study show that the
CALU-6 cell line is able to synthesize Sm-C/IGF-I, that these
cells are sensitive to growth stimulation by both synthetic and
cell-derived Sm-C/IGF-I, and that Sm-C/IGF-I withdrawal by
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Fig. 6. Effect of the anti-Sm-C/IGF-I sm-1.2 MoAb on spontaneous and Sm-
C/IGF-I stimulated cell proliferative activity. Cells were grown to subconfluence
and placed in serum-free MEM containing 0.1% BSA. Twenty-four h later
medium was discarded and replaced with fresh medium containing sm-1.2 MoAb
(100 nM) or/and Sm-C/IGF-I (10 ng/ml). After 20 Â±2 h kinetic studies were
performed. Cells were detached by trypsin, washed, and resuspended in HBSS.
An aliquot of cell suspension was processed for PDP-LI and the remaining for
TLI. D, control values without MoAb; D. values observed in presence of MoAb
[mean Â±SEM (har\)]; *, significant difference by paired I test.

immunoneutralization inhibits both stimulated and sponta
neous cell replication. This confirms our previous report of an
in vivo increase of Sm-C/IGF-I content in lung tumors and is
further support for an autocrine role of Sm-C/IGF-I in lung
cancer cell replication.
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