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ABSTRACT

Eleven small cell lung carcinoma cell lines of human origin were
exposed to different colony stimulating factors (CSFs) to study whether
('Sis could enhance the spontaneous cell proliferation and modify the

action of cytotoxic drugs. In ten cell lines no suppressive or stimulative
effect was observed when measured in a |3H|thymidine assay and a 3-
(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide assay. How
ever, one cell line (GLC-20) could be stimulated by interleukin 3 (IL-3)
when measured with a proliferative as well as a clonogenic assay. This
enhancing effect was cell concentration dependent in the [3H]thymidine
assay. Additional CSFs such as granulocyte-macrophage-CSF, granulo-
cyte-CSF, II..-4, 11-6, insulin, or bombesin could not further augment the
IL-3 supported proliferation. In addition, IL-3 binding studies demon
strated the presence of IL-3 receptors on the GLC-20 cells. Two types
of receptors were demonstrated by Scatchard analysis: high affinity
receptors (59 Â±4 sites/cell) with a dissociation constant (A,,) of 31 Â±9
pmol/liter; and low affinity receptors (1915 Â±91 sites/cell) with a A,,of
2.0 Â±0.8 nmol/liter. Finally, it was shown that the toxic effects of
adriamycin and cisplatin on the proliferation of the GLC-20 cell line
could partially be abrogated in the presence of IL-3. These data indicate
that in some cases CSFs can modulate the proliferation of small cell lung
carcinoma cell lines and interfere with the effects of chemotherapeutic
drugs.

INTRODUCTION

GM-CSF,3 G-CSF, and IL-3 are glycoproteins that stimulate

the proliferation and differentiation of normal and leukemic
hematopoietic progenitors in vitro as well as in vivo (1-3). The
genes of these factors have been cloned resulting in large
amounts of CSFs being available. This has provided the oppor
tunity to modulate in vivo hematopoiesis during periods of
chemotherapy induced bone marrow hypoplasia (4, 5). How
ever, the action of the CSFs is not restricted only to hemato
poietic cells but can also affect the proliferation of nonhema-
topoietic cells (6-10). Studies have shown that in vitro these
growth factors can stimulate or inhibit growth of various non-
hematopoietic tumor cells. Their effects with regard to SCLC
cell lines remain controversial; one study has shown antiproli-
feration (6) but Ruff er al. (7) have observed no effects, although
recent studies provided evidence for the presence of GM-CSF
and G-CSF receptors on SCLC cell lines (11,12).
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In view of the increasing clinical application of CSFs in solid
tumors, we have studied the effects of 5 CSFs (GM-CSF, G-
CSF, IL-3, IL-4, and IL-6) on a panel of 11 human SCLC cell
lines, focusing attention on the capability of the CSFs to affect
the proliferation of these malignant cells and to modulate the
effects of chemotherapeutic agents.

MATERIALS AND METHODS

Materials. Recombinant human IL-3, G-CSF, and GM-CSF were
gifts from Dr. S. C. Clark, Genetics Institute, Cambridge, MA. Recom
binant human IL-4 was a gift of Dr. P. Trotta, Schering Corporation,
Bloomfield, NJ. Recombinant IL-6 was a gift from Dr. L. A. Aarden,
CLB, Amsterdam, The Netherlands. The concentrations used in this
study were based on the response of myeloid and erythroid progenitors
to the different CSFs as shown earlier by Vellenga et al. (2, 3, 13). In
the case of no response, a 5-fold higher concentration was used in the
different assays, except for G-CSF. This CSF was used at a dilution of
1:1000 and 1:500.

Insulin, bombesin, and MTT were purchased from Sigma. CDDP
was obtained from Bristol Myers S.A.E., Madrid, Spain; and Adria
mycin from Farmitalia Carlo Erba, Milan, Italy. '"I-IL-3 was pur

chased from Amersham Laboratories, Amersham, England.
Cell Lines. Eleven human small cell lung carcinoma cell lines were

used in the experiments: GLC-1, GLC-2, GLC-3, GLC-4; a CDDP
resistant subline (GLC4-CDDP) (14) an Adriamycin resistant subline
(GLC4-Adr) (15); GLC-8; and three cell lines from one patient obtained
before and during clinical follow-up , GLC-14, GLC-16, GLC-19 (16),
and GLC-20. The cell lines were maintained in an atmosphere of 5%
CO2 at 37Â°Cand cultured in RPMI 1640 (Gibco, Paisley, Scotland)

with 10% heat inactivated FBS (Hyclone, Logan, UT). The character
istics of the different SCLC cell lines are reported in Table 1.

Proliferation Assays. DNA synthesis was assessed in a [3H]thymidine

proliferation assay. Cells were cultured in 150 Â¿ilRPMI 1640 with 10%
FBS in 96-welI round-bottomed microtiter plates (Greiner, West Ger
many) in triplicate. In some experiments the cells were cultured with a
lower concentration of FBS (3%); in these cases RPMI 1640 was
replaced by SCLC2 medium (17). After 4 days of culture (cell concen
tration, IO3-IO5), 0.1 ÃŸCiof ['Hjthymidine with a specific activity of 2

Ci/mmol was added to each well, 6 h prior to cell harvest. Radioactivity
was determined by liquid scintillation counting. In the experiments the
CSF was added at the initiation of the culture.

The effects of chemotherapeutic drugs on the spontaneous prolifer
ation of the GLC-20 cell line were studied in the [3H]thymidine assay.

In these experiments adriamycin (0.25, 0.50, 1.0 nM) and cisplatin (0.4
Ã•Ã•M)were added at the start of the culture in the presence or absence of
IL-3.

The microtiter well tetrazolium assay (MTT assay) is based on the
cellular reduction of MTT by mitochondrial dehydrogenase of viable
cells to a blue formazan product which can be measured spectropho-
tometrically (18, 19). Before the assays were performed a linear rela
tionship of cell number to MTT formazan crystal formation was
checked. The relationship among seeding density, incubation volume,
and incubation period was established for each cell line separately after
growth studies. Incubation of 5,000, 12,500, 15,000, 35,000, 10,000,
and 30,000 cells/well for GLC-4, GLC-4 Adr, GLC-4 CDDP, GLC-
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Table 1 SCLC cell line characteristics

CelllineGLC-1GLC-2GLC-3GLC-4GLC-4-CDDP*GLC-4-AdrcGLC-8GLC-1

4"GLC-16'GLC-1

9aGLC-20Derived

Sex TypefromM
' PleuraleffusionMMMMMPleural

effusionPleural
effusionPleural
effusionPleural
effusionPleural

effusionM
c PrimarytumorF
c PrimarytumorF
c PleuraleffusionF
v Tumor(relapse)M
v Primary tumorCulture

doubling
time(h)21yÂ¡201524183426274449PrevioustherapyCTâ€”CTCTCTCTCTâ€”CTCT

+RTCT

" v, variant; c, classical cell line; CT, chemotherapy; RT, radiotherapy; â€”,no

previous therapy.
* In vitro acquired cisplatin resistant subline from GLC-4.
c In vitro acquired Adriamycin resistant subline from GLC-4.
d Three cell lines derived from one patient during clinical follow-up.

14, GLC-16, GLC-19, GLC-3, and GLC-20, respectively, proceeded in
a total volume of 0.1 ml with and without CSFs (for GLC-3 and GLC-
20 a total volume of 0.25 ml was used) in 96-well culture plates (NUNC;
Gibco, Paisley, Scotland). After a culture period of 4 days (GLC-4,
GLC4-Adr, GLC4-CDDP, GLC-14, GLC-16, GLC-19), 5 days (GLC-
3), or 11 days (GLC-20), 20 fil of MTT solution (5 mg MTT/ml
phosphate buffered saline) were added to each well for 225 min.
Thereafter, plates were centrifuged (15 min, 180 x g) and the super
natant was carefully aspirated. Dimethyl sulfoxide (100%, 200 ^1;
Merck, Darmstadt, West Germany) was used to dissolve the formazan
crystals and the plates were read immediately at 520 nm using a
scanning microtiter well spectrophotometer (Titertek Multiskan; Flow
Laboratories, Irvine, Great Britain). The percentage of cell survival was
calculated as mean of the test samples/mean of three untreated samples.
Controls consisted of media without cells (background extinction) and
cells incubated in wells with medium only.

Soft Agar Clonogenic Assay. The soft agar clonogenic assay (20) was
utilized for the GLC-20 cell line. Cells were plated at 5000 cells/ml in
an upper layer of 0.3% agarose in Dulbecco's modified Eagle's: F-12

(1:1) medium and 20% FBS over an underlayer of 0.5% agar in
Dulbecco's modified Eagle's: F-12-20% FBS in a 35-mm Petri dish.

Colonies (>40 cells) were counted on day 20 with an inverted micro
scope. The IL-3 was added in the upper layer at the initiation of the
culture.

IL-3 Binding Assay. The specific radioactivity of the labeled IL-3 was
480 Ci/mmol and the biological activity was greater than 95% of the
unlabeled cytokine. The sample has been shown as a single band at M,
15,000 on gel electrophoresis. '"I-IL-3 was stored at -20Â°C and the

experiments were conducted within 4 weeks after receiving the labeled
batch.

Cells were washed twice in Hanks' balanced salt solution (Gibco).
Usually, 1.5 to 2.5 x IO6cells were incubated for l h at 37Â°Cin 100 ti\

minimal essential medium (Gibco)/10% FBS containing 25 mmol/liter
4-(2-hydroxyethyl)-l-piperazineethane-sulfonic acid with 10 to 4000
pm/liter radiolabeled IL-3 with or without 100-fold excess of unlabeled
IL-3. The cells were then cooled to 0Â°C,layered over 500 ii\ FBS in

Eppendorf tubes on ice, and centrifuged for 5 min at 1000 x g for 5
min. The tubes were frozen in liquid nitrogen, and the tips were cut off
for counting in an SRL-4 counter. Specific binding was defined as the
difference between the amount of radioactivity bound without unlabeled
factor added and the amount of radioactivity bound with excess unla
beled factor added. Pilot experiments demonstrated that specific bind
ing at 37Â°Cproceeded rapidly and reached a plateau after l h of

incubation. All experiments were conducted in duplicate. Scatchard
analysis was performed with the Elseviers Enzfitter program by using
the two binding place model as well as the one binding place model.
The Scatchard plot obtaining curve indicated the presence of two
binding sites. In all cases the two receptor model was preferred. Statis
tical tests for discriminating between one and two receptor models were
performed with a Statgraph statistical program.

Statistical Analysis. The paired Student's t test was used for statistical

analysis. P < 0.05 was considered significant.

RESULTS

The proliferative response of 11 SCLC cell lines was tested
in at least 3 different experiments in the presence of different
concentrations of GM-CSF (10, 50 ng/ml), G-CSF (1:1000,
1:500), IL-3 (100, 500 units/ml), IL-4 (10, 50 ng/ml), and IL-
6 (100, 500 units/ml). DNA synthesis measured in the [3H]-

thymidine assay and the survival of cells measured in the MTT
test could not be modified by the different CSFs in 10 SCLC
cell lines; there was no suppression or stimulation. In addition,
no difference was noted in the presence of different cell concen
trations, 10' to IO5cells.

However, different results were obtained with the GLC-20
cell line. In the ['Hjthymidine assay IL-3 (300 units/ml) en

hanced the spontaneous cell proliferation at a cell concentration
of IO5cells/150 n\ (212 Â±18 versus 395 Â±50 (SD) dps, N = 3,

P< 0.001). No effect was observed at a lower cell concentration
( 10'1to 104cells). A dose-response curve with IL-3 demonstrated
a dose-dependent increase in DNA synthesis (Fig. 1). This
stimulatory effect of IL-3 could not be enhanced further by an
additional growth factor when IL-3 concentration remained
300 units/ml (Table 2). The combinations of GM-CSF and IL-
3, G-CSF and IL-3, and IL-6 and IL-3 demonstrated increases
of 166, 171, and 191%, respectively, while an increase of 198%
was observed in the presence of IL-3 alone. Furthermore, it

%
400-1

300-

200-

100
10 100 300 500

]L-3/ml

Fig. 1. Proliferative response of the GLC-20 cell line in the presence of variable
concentrations of IL-3. Different concentrations of IL-3 were added to 1 x 10*
cells/150 Â¡A.The percentage of increase reflects the ratio of the ['HJthymidine
uptake in the presence or absence of IL-3 x 100%. Values represent the mean of
triplicate cultures. One SD was 5 to 15% of the mean.

Table 2 Effects of S CSFs on the proliferation of the GLC-20 cell line
Different CSFs or combinations were added to 10' cells/150 ^1 during 4 days

of culture. The following concentrations or dilutions were used: IL-3, 300 units/
ml; G-CSF, 1:IOOO;GM-CSF, 30 ng/ml; IL-4, 300 units/ml; IL-6. 100 units/ml.
Results are mean dps Â±SD of triplicate cultures. A significant difference (P <
0.001) was observed between the IL-3 supported proliferation versus control.

StimulantNoneIL-3G-CSFGM-CSFIL-4IL-6IL

3 +G-CSFIL-3
+GM-CSFIL-3
+ IL-6[3H]Thymidine

incorporation

(dps)22845221722320724039043713129811102430379

6
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appeared that the proliferative response was independent of the
FBS concentration. In the presence of 10% FBS, an increase in
the proliferative response was observed of 340% in the presence
of 500 units/ml IL-3, while in the presence of 3% FBS the
proliferation was enhanced by 320%, although in these experi
ments a more enriched medium (SCLC) was used. The observed
increase in thymidine uptake reflected DNA synthesis since
comparable results were observed in the clonogenic assay. In
the absence of IL-3, 800 Â±47 colonies/5 x IO3 cells were

detected after 20 days of culture, while the colony number
increased to 1060 Â±127 in the presence of 100 units IL-3/ml.
Moreover, the colony size increased in the presence of IL-3.

The enhancing effects of IL-3 on the spontaneous cell prolif
eration of the GLC-20 was not observed in the MTT assay
since in this assay cell concentrations of 3 x IO4 cells/250 n\
were used. However, by using a higher cell concentration (IO5

cells/150 ni) in this assay a growth advantage was noticed in
the presence of IL-3 in comparison to the control.

Since the cell concentration dependent effect might imply the
presence of an additional growth factor released by cell-cell
interaction and subsequently not observed at lower cell concen
trations, we studied the effects of insulin and bombesin in the
presence of IL-3 at a cell concentration of 1 to 10 x 104/150
/tl. As depicted in Table 3, IL-3 enhanced the proliferation of
the GLC-20 cell line at a cell concentration of 105/150 /il, but

no further augmentation was noticed by the addition of bom
besin (50 nM) or insulin (10 /Â¿g/ml).In addition, bombesin and
insulin could not abolish the IL-3 unresponsiveness at a lower
cell concentration. Comparable results were obtained by the
addition of cell free supernatant of the GLC-20 cell line col
lected after 2 days of culture (data not shown). Furthermore
IL-3 binding assays were performed with 125I-IL-3to study the
IL-3 receptor expression on the cell surface of the GLC-20 cell
line. By Scatchard plot analysis two types of receptors could be
demonstrated. In two separate experiments high affinity recep
tors (56 Â±14 and 62 Â±28 sites/cell) with dissociation constants
(KÂ¿)of 38 Â±11 and 25 Â±6 pmol/liter and low affinity receptors
(1850 Â±360 and 1980 Â±160 sites/cell) with Ka values of 1.4 Â±
0.2 and 2.6 Â±0.2 nmol/liter were shown. A representative
experiment is demonstrated in Fig. 2.

Finally we tested whether this CSF influenced the effects of
two chemotherapeutic drugs on the proliferative capacity of
this cell line at different concentrations. A representative ex
periment is shown in Fig. 3; Adriamycin (1 nM) and CDDP
(0.5 UM)reduced DNA synthesis by 32 and 64%, respectively.
This cytotoxic effect could be partially abrogated by the contin
uous presence of IL-3 in the cell culture medium.

DISCUSSION

Colony stimulating factors are important regulatory proteins
which can stimulate the normal hematopoietic progenitor cell

Table 3 Effects of bombesin and insulin on the proliferation of ihe GLC-20 cell
line in the f'HJthymidine assay

IL-3 (300 units/ml), insulin (10 jig/ml), and bombesin (50 HM)were added to
IO4or 10* cells/150 /Â¿Iduring 4 days of culture. Results are mean dps Â±SD of

triplicate cultures. A significant difference was noted at a cell concentration of
10s cultured in the presence or absence of IL-3 (P < 0.001 ).

[3H]Thymidine uptake (dps)

1 X 10" x 10s

Control
Bombesin
Insulin-IL-3I13Â±5

118Â±4
119 Â±4+IL-3132

Â±7
122 Â±21
136 Â±4-IL-3192

Â±21173
Â±4

177 Â±10+IL-3373

Â±28
406 Â±31
396 Â±22

GLC-20
competition-assay IL-3

2000

1600

E
Â§â€¢ 12OO

â€¢o

co
800

4OO

1O 20 30 4O 50
(Thousands)

Freo (cpm)

0.25

0.20

I
Â£ 0.15

â€¢o
g o. 10
o

O.O5

O.OO

30 eo 9O 12O 150

Bound (pM IL-3)

Fig. 2. Binding of radiolabeled IL-3 to GLC-20 cells. Cells were incubated
with increasing amounts of radiolabeled IL-3 for l h at 37Â°C.Nonspecific binding

was determined in the presence of excess unlabeled factor. Specific binding (â€¢)
as well as nonspecific binding (O) data are plotted (top). Bottom, Scatchard plot
of these data. Points reflect averages of duplicate determinants.

400-

300-200-100-n--LÂ¿:

JL-3UUUU/mlJ

3: adriamycin (1nM)
4:adriamyciruJL-3

B:cisplatin (05wM)
6:clsplQtin*3L-31rii

1 2 5 6

Fig. 3. Effects of Adriamycin and CDDP on the IL-3 supported proliferation
of the GLC-20 cell line.

at different levels of differentiation (1). In view of these activi
ties, CSFs are increasingly clinically applied to treat or to
circumvent chemotherapy induced aplasia (4, 5). However, the
present study demonstrates that the application of these factors
may have certain disadvantages.

In 1 of 11 SCLC cell lines we observed a stimulatory activity
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of IL-3 on the spontaneous cell proliferation measured with a
[3H]thymidine uptake and colony assay. This effect was dose

and cell concentration dependent. The cell concentration de
pendent effect of IL-3 might indicate that presence of a costi-
mulatory factor, secreted by the SCLC cells through cell-cell
interaction and acting in the presence of IL-3. However, insulin
and bombesin, the most prominent autocrine growth factors
for SCLC cells (21, 22) or supernatants could not mimic these
effects in the [-'Hjthymidine assay at lower cell concentrations.

These data might indicate that a undefined protein, secreted by
the SCLC cell line, is required for the action of IL-3 or that
cell-cell interaction modifies the responsiveness of cells for the
action of CSFs. Rizzino (23) observed that cell density influ
enced the growth factor receptor expression, the so-called den
sity induced down-regulation. High cell density resulted in a
decrease in the binding of growth factors, indicating that cell-
cell interaction might regulate the response to growth factors
as a result of changes in the receptor expression. It is conceiv
able that comparable mechanisms may operate in the GLC-20
cell line whereby the results with the clonogenic assay might be
ascribed to the fact that IL-3 acts on the tightly attached cells
in the clonogenic assay as a result of the spontaneous colony
formation. In addition the results indicate that there is a direct
effect of IL-3 on the clonogenic progenitor cell.

The IL-3 binding studies demonstrate the presence of IL-3
receptors on the cell surface of the GLC-20 cell line and explain
the stimulatory activity of IL-3 in the [3H]thymidine and clon

ogenic assay. The receptor numbers and dissociation constant
correspond with results obtained with hematopoietic cells (24).

The experiments concerning the effects of adriamycin and
cisplatin on IL-3 supported proliferation demonstrate that the
continuous presence of IL-3 can partially abrogate the cytostatic
effects of these agents. This observation may have clinical
impact since different clinical trials, e.g., in acute myeloid
leukemia, explore the possibility to apply a CSF before or
during chemotherapy focused to synchronize cells in the cell
cycle. Further studies will be necessary to study interactions
between hematopoietic growth factors and chemotherapeutic
drugs. Changes in time schedules for CSFs and chemotherapy
may influence results in vitro and in the clinic. In view of the
observed effects this may also apply to solid tumors.

In summary, these data demonstrate that in a minority of
cases CSFs can modulate the spontaneous proliferation of
malignant SCLC cells. This might have clinical consequences
since CSFs have the capacity to interfere with the effects of
chemotherapeutic drugs.
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