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ABSTRACT

The modulation of donai growth of cells of 15 human lung cancer lines
was examined by coculture with different recombinant lymphokines,
monokines, and several agents which induce differentiation in other
malignant cell systems. Recombinant human tumor necrosis factor a
(TNF) was inhibitory to all non-small cell lung cancer cell lines with a
50% effective dose of donai inhibition (EDM) in the range of 30-2000
units/ml. Two representative squamous lines (SK-MES and P.,) had 150
to 250 high affinity (A"d~ p.\i) cell surface TNF receptors. In contrast,

clonal growth of small cell lung cancer lines was not inhibited by TNF,
and two representative lines (H69c and R592) expressed negligible cell
surface TNF receptors. Recombinant a, ÃŸ,and y interferons (4000 units/
ml) each inhibited >30% clonal growth of more than 50% of the non-
small cell lung cancer lines. TNF (100-1000 units/ml) in combination
with â€¢y-interferonwas synergistic in the inhibition of clonal growth of

these cells. Further studies showed that synergism of clonal inhibition
occurred even when the cells were initially exposed to Y-interferon,
washed, and plated in soft agar with TNF. All-fra/u-retinoic acid (EDjo,
5 x Ifl-'-lO-6 M), dimethyl sulfoxide (EDÂ», 1.2-1.6%), and 12-0-
tetradecanoylphorbol-13-acetate (EDÂ», 5 x lO-'-lO'10 M) inhibited

clonal proliferation of 7 of 9, 7 of 9, and 8 of 9 non-small cell lung cancer
lines, respectively. In contrast, clonal proliferation of cells of small cell
lung cancer lines was decreased only slightly at almost all concentrations
of each of the agents. Interleukin-1 and -2 and granulocyte-monocyte
colony-stimulating factor had no effect on the clonal growth of any of the
lung cancer lines. Our results suggest that TNF in combination with 7-
interferon may be therapeutical!}' active for some patients with non-small

cell lung cancer, but small cell lung cancer probably will be unresponsive
to all the agents that we examined.

INTRODUCTION

Lung cancer is one of the most frequent human cancers with
approximately 135,000 new cases diagnosed in the United
States of America each year (1). Prognosis for most patients is
poor despite recent advances in surgery, radiation, and chemo
therapy. Therefore new therapeutic approaches have been pro
posed which include natural and recombinant lymphokines,
biological response modifiers, the use of activated killer cells,
hyperthermia, and immunotherapy. Before entering clinical
trials, these agents must be examined in vitro. Recently, several
laboratories explanted tumor cells from patients with lung
cancer and developed cell lines (2-8). These lung cancer cell
lines can be passaged in vitro, retain many properties of the
original tumors, and may serve to study the biology of human
lung cancer. We studied clonal proliferation of 15 lung cancer
cell lines obtained from different laboratories. These cell lines
were cultured with different recombinant monokines, lympho
kines, and agents which induce differentiation in other malig-
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nant cell systems (for a review see Ref. 9). Because of the ability
of TNF3 to inhibit clonogenic growth of selected lung cancer

lines, we examined the number and affinity of receptors for
TNF on selected lung cancer cell lines and correlated the
findings with the effect of TNF on clonal proliferation of these
cells.

MATERIALS AND METHODS

Cell Lines. The panel of lung cancer cell lines used is listed by
histological type in Table 1. The H69c, H128, H209, H82, H417d,
H23, and HI25 lines were kindly supplied by Dr. A. Gazdar, NCI
Naval Medical Center, Bethesda, MD. The R592, SK-MES, and
GR081-1 lines were generously provided by Drs. F. Cuttita, NCI Naval
Medical Center; M. Territo, UCLA Department of Medicine; and G.
Juillard, UCLA Department of Radiation Oncology, respectively. In
liquid culture, the small cell lung cancer lines grew in suspension, all
other lines grew adherently. The cells were passaged every 5-7 days in
a medium (Flow Laboratories, McLean, VA) supplemented with 10%
fetal calf serum (Irvine Scientific, Santa Ana, CA) and antibiotics (Irvine
Scientific). Adherent cells were passaged with 0.05% trypsin-0.02%
EDTA (Irvine Scientific).

Reagents. Recombinant human tumor necrosis factor (5 x IO7units/

mg) (13) was kindly supplied by Dr. M. Shepard (Genentech, Inc., San
Francisco, CA), was stored at 4Â°Cand was tested over a wide range of

concentrations (1-10,000 units/ml). Recombinant mouse inter leukin 1
(3 x IO7 units/1.0 mg protein) (14), which is active on human cells,

was generously supplied by Dr. P. Lomedico (Hoffmann-La Roche Inc.,
Nutley, NJ), and was stored at -10"C; we used a final concentration of
500 units/ml. Recombinant human interleukin 2 (1 x 10* units/mg)

(kindly supplied by Dr. J. Bessemer, Sandoz, AG, Vienna, Austria, and
stored at 4Â°C)was tested at a final concentration of 2,000 units/ml.

Recombinant human interferons were kindly supplied by: IFN-o by
Hoffmann-La Roche (Lot C125234-01); IFN-/S by Cetus, Inc., Emery
ville, CA, and IFN-> by Genentech. All interferons were stored at 4Â°C

and were tested at final concentrations of 4,000 units/ml. A concentra
tion of 4,000 units/ml of interferons was chosen because initial dose-
response studies on selected lung cancer cell lines showed that this
concentration inhibited colony formation by 30-60% in many of the
cell lines. Specific activities for a-, ÃŸ-,and ^-interfÃ©ronswere 4 x IO7
units/mg,6 x IO7units/mg, and 3 x IO7units/mg, respectively.Limulus

amoebocyte lysate assays showed that the stock solutions contained
endotoxin concentrations of <0.2 ng/ml for IFN-Â«and IFN-/3, <0.05
ng/ml for IFN-7, and <0.1 ng/ml for TNF and interleukin 1. As a
source of human granulocyte-macrophage colony-stimulating factor,
supernatants (day 7) of the MO line were used (final concentration,
2%) and were generously provided by Dr. D. Golde. All /rans-retinoic
acid was purchased from Sigma Chemical Co. (St. Louis, MO), dis
solved in ethanol (10~3 M), stored at -20Â°C, and protected from light;
the final test concentrations were 10"6-10~7 M. The 1,25-dihydroxyvi-

tamin D3 was kindly provided by Dr. M. Uskokovic (Hoffmann-La
Roche), dissolved in ethanol, stored at â€”20Â°C,and protected from light;
the final test concentration was 5 x IO"7 M. DMSO was purchased
from Sigma, stored at 4Â°C,and tested at final concentrations of 0.5-

2%. The TPA was purchased from Consolidated Midland, Inc., dis
solved in acetone at 10~3 M, stored at -70Â°C, and tested at final
concentrations between 5 x 10~"and 10~'Â°M. These agents were tested

3The abbreviations used are: TNF, tumor necrosis factor; SCLC, small cell
lung cancer cell line; NSCLC, non-small cell lung cancer cell line; IFN, interferon;
DMSO, dimethyl sulfoxide; TPA, 12-O-tetradecanoylphorbolacetate; EDÂ»,50%
effective dose of clonal inhibition.
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MONOKINE AND LYMPHOKINE EFFECT ON LUNG CANCER

Table 1 Lung cancer lines used in cloning experiments

CelllineH69cH128H209R592H82N417dSK-MESGRÃ’

8I-1P3H23H125P6P7P8SUTLung

cancerhistologySmall

cellSmall
cellSmall
cellSmall
cellSmall

cell,variant"Small
cell,variant"SquamousS

nu.minusSquamousAdcnocarcinomaAdenocarcinomaAdenocarcinomaAdenocarcinomaAdenocarcinomaAdenocarcinomaReference2222101011t4221212CC

" Cells contain amplification of c-myc oncogene.
" G. Juillard, unpublished data.
' R. Saxton, unpublished data.

at concentrations that are known to be of optimal activity in other
neoplastic cell types (9).

Colony Formation in Soft Agar. Plating experiments were performed
in a 2-layer soft agar system as described (15). Briefly, Lux culture
dishes (Miles Laboratories, Naperville, IL) contained a lower and upper
layer of 0.5 and 0.3% agar (Difco, Detroit, MI), respectively. The
substances to be tested were added to the lower layer. All substances
tested are diffusible in soft agar. The 2-layer system was chosen for

optimal colony growth. The concentrations given are equilibrium values
for both layers. For each substance, fresh dilutions in culture medium
with 10% fetal calf serum were made. The upper layer contained the
cells with a medium supplemented with 17% fetal calf serum and
antibiotics. The number of cells cultured per plate depended on the
cloning efficiency, which varied between 35% (N417d) and 0.2%
(HI28). For some cell lines, higher concentrations of fetal calf serum
were necessary (SK-MES and SUT). For each experimental point,
triplicate or quadruplicate plates were made. The plates were incubated
in a humidified incubator with 7% CO2 and colonies (>40 cells) were
counted with a dissecting microscope. Initial experiments determined
the optimal number of days required for the greatest cloning efficiency
of each cell type. For all experiments, clonal growth of each cell type
was always determined on the day of its optimal growth (9-24 days).
A colony was defined as >40 cells.

Definition of Synergism. Synergism between TNF and IFN was
defined when the relative colony number in the presence of both TNF
and IFN was lower than the product of the relative colony numbers in
the presence of TNF or INF alone.

D B Câ€”< â€”Xâ€”
A A A

where A is the number of control colonies; B is the number of colonies
in the presence of certain concentrations of TNF; C is the number of
colonies in the presence of certain concentration of IFN; and D is the
number of colonies in the combined presence of TNF and IFN.

Binding of 125I-TNF.TNF was iodinated by the IODO-GEN method

as described (16) with slight modifications. Briefly, an IODO-GEN
(Pierce) coated glass tube was incubated with 1 mCi of I25l-sodium for
5 min in 0.1-M phosphate-buffered saline. Then, 10 ^g of purified
recombinant protein were added and incubated for 10 min at 4Â°C.Free

iodine was separated from TNF on a Sephadex G-25 column. The
iodinated protein had a specific activity of 4.2 x IO5 cpm/ng and

retained >90% of its biological activity in a colony inhibition assay.
The cells to be tested were incubated with '"I-TNF (10"-9 x 10s cpm)
at 23Â°Cfor 90 min in a medium, 10% fetal calf serum, and 20 mM 4-

(2-hydroyethyl)-l-piperazineethanesulfonic acid (Sigma), washed ex
tensively, and the cell pellets were counted in a Beckman gamma
counter. Under our conditions the binding of TNF is optimal at 23 Â°C

and 90 min. Longer incubation times lead to increased degradation of
TNF. Nonspecific binding was determined by incubating the cells with
a 100-fold excess of unlabeled TNF. Receptor numbers and affinity
constants were calculated with a computer program kindly provided by
Dr. J. Dipersio.

RESULTS

The effect of each of 11 compounds on the clonal growth of
cells from 15 lung cancer lines was examined (Table 2). Data
are expressed as the mean percentage of inhibition of clonal
growth as compared to control plates containing test com
pound. The TNF (10,000 units/ml) was active in vitro against
all non-small cell lung cancer lines (3 squamous carcinomas
and 6 adenocarcinomas). We performed TNF dose-response
experiments and found that a 50% inhibition of clonal growth
occurred over a wide range of concentrations (30 units/ml
(HI 25) to 2,000 units/ml (P7) (Table 3). Clonal growth of cells
from the 6 SCLC lines was unaffected by TNF (10-10,000
units/ml; data not shown).

Recombinant interferons (4000 units/ml) inhibited 50% or
greater of the clonal growth of several NSCLC lines with
recombinant a-interferon inhibiting 3 of 9 NSCLC, 0-interferon
inhibiting 2 of 9 NSCLC, and 7-interferon inhibiting 1 of 9
NSCLC (Table 2). The interferons (4000 units/ml) inhibited at

Table 2 Clonal inhibition of cells from lung cancer lines after exposure to monokines, lymphokines, or other agents
Cells were plated in a two-layer soft agar culture system as described in "Materials and Methods". Results are expressed as a percentage of colony growth as

compared to control plates to which no substance was added. (Results represent the means and SE of at least 3 independent experiments having triplicate or
quadruplicate plates per point). Concentrations tested for these experiments; TNF, 10,000 units/ml (also see Table 4); IFN-a, -/3,-7, 4,000 units/ml; IL-1," 500 units/
ml; IL-2, 2,000 units/ml; GM-CSF, 2% (Mo conditioned medium); RA, 10~' M (also see Table 4); D3, 5 x 10~7M; DMSO, 2%; TP A, 5 x 10~8M (also see Table 4).

Lymphokines and monokines Other agents

CelllineH69cH128H209R592H82N417dSK-MESGRÃ’

81-1P3H23H125P6P7P8SUTCell

typeSSSsSVSVSqSqSqAAAAAATNF101

Â±398
Â±693

Â±896
Â±684

Â±1297
Â±717Â±442

Â±133
Â±038
Â±515Â±536

Â±539
Â±842
Â±635

Â±5IFN-o100Â±487

Â±18101
Â±762
Â±264

Â±1658
Â±822
Â±660

Â±3100Â±
1563
Â±548

Â±1188
Â±663
Â±247
Â±370

Â±14IFN-/396

Â±389
Â±1599

Â±667
Â±060

Â±1463
Â±1511

Â±370
Â±5104
Â±968
Â±449
Â±987

Â±1081
Â±763

Â±171
Â±23IFN-T96

Â±594
Â±998
Â±689

Â±1164
Â±1658

Â±693
Â±1169

Â±348
Â±666
Â±867

Â±152
Â±19105
Â±1076
Â±12106
Â±18IL-199

Â±292
Â±998
Â±597

Â±3NT89

Â±12102
Â±5102

Â±292
Â±8102
Â±895

+4NT92

Â±388
Â±889

Â±7IL-296

Â±394
Â±695
Â±490
Â±697

Â±7104
Â±597

Â±1096
Â±1100
Â±1094

Â±796
Â±890

Â±8105
Â±3102
Â±3104

Â±5GM-CSF102

Â±4106
Â±789
Â±16103
+2103

Â±292
Â±797

Â±11100
Â±1101

Â±397
Â±798

Â±5NT106

Â±588
Â±12102
Â±9RA104

Â±594
+993

Â±6102
Â±198
Â±1548
Â±1955

Â±796
Â±343
Â±344

Â±590
Â±848
Â±650
Â±365
Â±442

Â±11D3101

Â±197
Â±8100

Â±588
Â±1592
Â±13101

Â±255
Â±797
Â±426

Â±1361
Â±462

Â±3103
Â±6106

Â±5102
Â±3104

Â±8DMSO95

+377
Â±2153

+1389
Â±877

+1992
+7105
+666

Â±630
+888

Â±784
Â±1244
+810Â±

72
+141
Â±17TPA94

Â±396
+469+

1593
Â±989

Â±1697
Â±1636
+572
Â±1930+763+

1469
Â±1064
+342
+912Â±230

Â±7
" IL-1, interleukin 1; IL-2, interleukin 2; GM-CSF, granulocyte-macrophage colony-stimulating factor; RA, retinoic acid: D3, 1,25-dihydroxyvitamin D3; S, small

cell; SV, small cell variant; Sq, squamous; A. adenocarcinoma; NT, not tested.
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MONOKINE AND LYMPHOKINE EFFECT ON LUNG CANCER

Table 3 Clona! growth of cells from lung cancer lines after exposure to different
concentrations of interferons

Results are expressed as a percentage of clonal growth as compared to control
plates to which no substance was added and represent the means and SE of at
least 3 independent experiments with triplicate or quadruplicate plates per point
in each experiment. Cells were plated as described in "Materials and Methods."

IFN
concentration

(units/ml)0

10
ISO500

2000
4000SK-MES(of100

102 Â±7
91 Â±6
65Â± 11
31 Â±7
22 Â±6SK-MES(0)100

96 Â±10
80 Â±6
47 Â±8
26 Â±6
11 Â±3P3h)10098

Â±7
92 Â±11
71 Â±6
55 Â±12
48 Â±6H69c

(Â«)100

NT*
96 Â±2
94 Â±10

103 Â±8
100Â±4H69c

W100

NTNT

99 Â±13
105 Â±8
96 Â±3H69C

M100NT

105 Â±3
101Â±6

NT
96 Â±5

" Letters in parentheses, type of IFN.
*NT, not tested.

least 30% of the clonal growth of the majority of the NSCLC
lines with a-interferon inhibiting 6 of 9 NSCLC, /3-interferon
inhibiting 5 of 9 NSCLC, and 7-interferon inhibiting 5 of 9
NSCLC. Interferons did not produce a 50% inhibition of clonal
growth of any small cell line but three lines (R592, H82, and
N417d) had about a 40% clonal inhibition of growth in the
presence of either a-, ÃŸ-,or 7-interferon (4000 units/ml). Table
3 shows interferon dose-response data for both the NSCLC
lines that were most sensitive to interferon, and one SCLC line
that was resistant to interferon in the initial screening. The a-
and 0-interferon produced a ED50 at approximately 1250 and
500 units/ml, respectively, when examining SK-MES (squa-
mous carcinoma line), and 7-interferon produced a ED50 at
about 4000 units/ml when examining the P3 (squamous carci
noma line).

All-ira/w-retinoic acid (10~6 M) inhibited at least 50% clonal

growth of cells from 4 of 9 NSCLC and 1 of 6 SCLC lines
(Table 2). The clonal growth of cells from 7 of 9 NSCLC and
1 of 6 SCLC were inhibited >30% by the all-fra/w-retinoic acid
(Table 2). Dose-response studies showed that the ED50 ranged
between 5 x IO"7 and 10~6 M for most of the NSCLC lines
(Table 4). The 1,25-dihydroxyvitamin D3 (5 x 10~7M) inhibited

>50% clonal growth of 1 of 9 NSCLC lines (Table 2). The
clonal growth of cells of 1 of 3 squamous carcinomas and 2 of
6 adenocarcinomas were inhibited about 40-60%. No effect of
1,25-dihydroxyvitamin D3 on clonal proliferation of SCLC was
observed (Table 2). DMSO inhibited the clonal growth of 3 of
3 squamous carcinomas and 4 of 6 adenocarcinomas (Table 2),
and dose-response studies showed that the ED50ranged between
1.2% (P3 and GR081 -1) and 1.6% (P6) (data not shown). None
of 6 SCLC lines had >50% clonal inhibition by DMSO but
clonal growth of cells of l (H209) was partially inhibited by 2%
DMSO (47% inhibition as compared to control dishes). The
TPA (5 x 10~8 M) inhibited >50% clonal growth of 5 of 9

NSCLC and none of 6 SCLC (Table 2). Dose-response studies
showed that the ED50 of NSCLC lines ranged between 1 x
10~'Â°and 5 x 10~8 M TPA (Table 4). Recombinant interferon

a and interferon /3,and granulocyte-monocyte colony-stimulat
ing factor had no effect on any of the cell lines (Table 2). Also,
none of the cells of any line had a significant enhancement of
clonal growth when cultured with any of the 11 compounds.

Prior studies suggested that the combination of TNF and 7-
interferon can have a synergistic effect on proliferation of
certain cell types. We examined the effect of the combination
of various concentrations of TNF and 150 or 2000 units/ml 7-
interferon on the clonal proliferation of cells from a squamous
carcinoma line (Pj) (Fig. 1). A synergistic inhibition of clonal
growth occurred at both concentrations of 7-interferon in com
bination with either 100 or 1000 units/ml of TNF. Two ade-
nocarcinoma cell lines (P8 and SUT) were also tested with
combinations of either a-, ÃŸ-,or 7-interferon (150 and 2000
units/ml) and TNF ( 10,100, and 1000 units/ml). The inhibition
of growth was more than additive in plates containing 1000
units/ml TNF and 150 or 2000 units/ml of a-, ÃŸ-,or 7-
interferon (data not shown). A further series of experiments
investigated whether the cells required simultaneous exposure
to TNF and 7-interferon in order to observe synergistic growth
inhibition of the lung cancer cells. A synergistic effect occurred
when cells of the P3 squamous lung carcinoma line were ex
posed to 500 or 5000 units/ml 7-interferon for 40 h in liquid
culture, washed, and plated in soft agar with 1000 units/ml
TNF (Fig. 2).

Because TNF appeared to be the single most active agent in
its ability to inhibit clonal growth of NSCLC, we studied the
action of TNF in greater detail. We examined the affinity and
number of specific cell surface-binding sites for TNF on two
NSCLC lines (SK-MES and P3) which were sensitive to the
inhibitory action of TNF, and two SCLC lines which were
resistant to the action of TNF (Fig. 3). The two representative
squamous carcinoma cell lines expressed high affinity TNF
receptors. Cells of the SK-MES line had a KAfor TNF of 83
pM with 150 specific TNF cellular binding sites; P3 had a Ka
for TNF of 85 pM with 250 specific cell surface-binding sites
for TNF. One hundred-fold excess unlabeled TNF effectively
competed with the labeled ligand for TNF receptors. Cells of
two representative small cell carcinoma lines (H69c and R592,
which are resistant to growth inhibition by TNF) expressed
negligible receptors for TNF (Fig. 3).

DISCUSSION

We and others have investigated the ability to inhibit clonal
proliferation and to induce differentiation of cells from human
and murine acute myelogenous leukemia (9). These studies
were facilitated by the development of human acute myeloge
nous leukemia cell lines that are blocked at different stages of
differentiation (9). Using these lines, numerous compounds
have been identified that are capable of inhibiting clonal prolif
eration of leukemia cells or inducing differentiation of leukemic
blast cells into functional, nondividing mature cells (9, 15).
Previous studies by several groups examined the effect of ad
juvant immunotherapy, either by Bacillus Calmette-GuÃ©rinor
Corynebacterium parvus immunizations or by systemic admin
istration of retinoids, on the survival of lung cancer patients
(17, 18). Despite several studies which possibly showed a pro
longed survival (18), immunotherapy of lung cancer has not yet
been found to be of major benefit in the treatment of this

Table 4 Clonal inhibition (EDyJ of cells and non-small cell lung cancer lines by TNF, fra/ij-retinoic acid, and TPA

Values were determined by plotting the results of clonal inhibition for a variety of concentrations of the compound on a logarithmic scale and calculating theconcentration causing 50% clonal inhibition of growth. The TNF, RAÂ°,and TPA were tested over the range of 10-10,000 units/ml; 10~'-10~' M; and 10~"-10~* M,

respectively. Dose-response studies were performed at least 3 times using quadruplicate plates per point and the mean values were plotted on graph paper for
calculating the EDÂ».

AgentsTNF

(units/ml)
RA(M)
TPA (M)SK-MES700N.A.2 x 10-Â«GRO81-12000N.A.N.A.P31700

7 xIO'710-'H231000io-65
x IO'"H12530N.A.5 x 10-'P680010-'5x 10-'P7200010-'10-'P8800>

10-'
io-10SUT16004

xIO"7io-'

" RA, all rra//.s rciinnk- acid; NA, the Kl >.,,was not attained at the concentrations tested.
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MONOKINE AND LYMPHOKINE EFFECT ON LUNG CANCER

o
u

10 100 10OO

TNF (U/ml)
Fig. I. Effect of the combination of recombinant TNF and IFN--y on the

clonal proliferation of cells of a squamous lung cancer line (P3). Various concen
trations of TNF were combined with either 150 units/ml (â€¢),or 2000 units/ml
(A) f-interferon or control media (O). Cells (1300) per plate were seeded in soft
agar and colonies were counted after 12 days as described in "Materials and
Methods." Points, mean of 3 experiments, with quadruplicate plates per point

(semilogarithmic scale); bars, S.D.

o
u

100

TNF

100 1000

(U/ml)

Fig. 2. Effect of pulse exposure to recombinant IFN-7 and prolonged culture
with TNF on the clonal proliferation of cells of a squamous lung cancer line (IM).
Cells were exposed for 40 h to 500 units/ml (â€¢)or 5000 units/ml (A) -y-interferon
or control media (O), trypsinized, washed, and plated in soft agar with various
concentrations of TNF. Points, mean of 3 experiments, with quadruplicate plates
per point (semilogarithmic scale): bars. S.D.

RECEPTOR NUMBER PER CELL
Fig. 3. Scatchard plot of specific TNF binding to cells of 2 squamous lung

cancer cell lines (SKMES, O; P3, D) and to 2 small cell lung cancer cell lines
(H69c, â€¢;R592, â€¢).A total of 0.8 x IO6 cells were incubated with 10,000 to
900,000 cpm of '"I-TNF for 90 min at 23'C. (See "Materials and Methods" for

details.)

4084

malignancy. New therapeutic approaches are necessary for hu
man lung cancer. Chemotherapy has little impact on the natural
course of NSCLC cancers. Several groups have begun the in
vivo use of biological response modifiers for patients with lung
cancers. As of yet, few studies of the in vitro effects of biological
modifiers on lung cancer cells have been done (18, 19). Re
cently, a variety of human lung cancer cell lines have been
established which afford the opportunity to identify agents that
may inhibit clonal growth of the clonogenic lung cancer cells.
We used the clonogenic assay because the technique is able to
identify compounds that either directly inhibit the proliferation
or induce the terminal differentiation of the clonogenic cells.

We examined the effect of 7 different monokines and lym-
phokines on the clonal proliferation in soft agar of cells of 15
lung cancer lines having one of 4 different histologies. In
addition, we tested 4 other compounds which promote differ
entiation in other types of neoplasia (9). Studies recently
showed that TNF in the concentration range of 50-5,000 units/
ml was effective in vitro in the inhibition of growth of cells from
7 of 22 tumor lines from a wide variety of tissues (20). In our
study, we confined our analysis to lung cancer cells and found
that TNF inhibited clonal proliferation of all non-small cell
lung cancer lines with a ED50 that ranged between 30 and 2,000
units/ml. In contrast, the clonal growth of cells from the small
cell lung cancer lines were not modulated by TNF (10,000
units/ml).

The effects of TNF are probably mediated through cell sur
face receptors for the protein. We found that cells from lines
that were sensitive to growth modulation by TNF contained
high affinity cell surface receptors for TNF. In contrast, the
cells from SCLC lines were resistant to growth inhibition
mediated by TNF, and these cells expressed negligible receptors
for TNF. The two NSCLC lines had nearly the same affinity
constants and the same number of receptors for TNF (P3: Kd
85 pM, 250 binding sites/cell; SK-MES: Ka 83 pM, 150 binding
sites /cell), but the ED50 of clonal inhibition by TNF was higher
in the P3 cells (1700 units/ml TNF) as compared to SK-MES
(700 units/ml). The reason for the lack of parallelism between
the ED50 of TNF and the number of receptors expressed by the
cell line is not clear at this time. In contrast, Sugarman et al.
(20) found that cells from several tumor lines that were resistant
to the inhibitory action of TNF nevertheless expressed the same
number of receptors for TNF as did cell lines which were
sensitive to TNF, showing clearly that resistance to TNF can
develop subsequent to cellular binding of TNF. To our knowl
edge, our study is the first to report that cells from SCLC lines
lack detectable expression of TNF receptors. Clearly more cell
lines and freshly isolated tumor cells need to be examined in
order to know how often SCLC cells do not express detectable
TNF receptors. Previously, Baglioni et al. (21) reported that
two TNF-unresponsive lymphoblastoid cell lines had no detect
able receptors for TNF.

We observed at least a 30% inhibition of clonal growth with
recombinant interferons in cells from about 50% of lung cancer
lines. The inhibitor response produced by the 3 types of inter-
feron was similar. Twentyman et al. (19) recently studied the
effects of interferons on growth in liquid culture of 5 human
lung cancer cell lines and found a partial suppression of growth,
especially by -y-interferon. A clinical study found no benefit of
the administration of a-interferon to patients with non-small
cell lung cancer (22). When we exposed the cells of the NSCLC
lines to both TNF and IFN-7 we found a synergistic effect on
inhibition of clonal growth. This synergism of response is
consistent with studies by ourselves (23) and others (16, 24,
25), who found synergism of these two factors on cells of other
tissue types. The combination of these two factors do not,
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however, always result in synergism; we found none when cells
of the SCLC lines were exposed to both compounds. A further
series of experiments found that the synergism of the two
factors did not require that cells be exposed simultaneously to
both reagents. We noted a synergism of 7-interferon and TNF
on inhibition of clonal growth when NSCLC cells were exposed
to -y-interferon for 40 h, washed, plated in soft agar in the

presence of TNF, and subsequent colony formation was enu
merated. These results may be explained by several recent
reports (16, 23, 24, 25) which found that the synergism of TNF
and IFN-7 may be due to the ability of 7-interferon to increase
the number of TNF receptors expressed on the cell. Theoreti
cally, our preexposure of the NSCLC cells to 7-interferon prior
to exposure to TNF may have increased the number of TNF
receptors expressed on the cell.

We observed no effect on clonal growth of lung cancer cell
lines by either interleukin 1, interleukin 2 or granulocyte-
macrophage colony-stimulating factor. By contrast, a recent
study found that interleukin 1 was cytocidal against cells of
some tumor cell lines (26).

Clonal growth of most NSCLC in our study was inhibited by
all-frans-retinoic acid (7 x 10~7-10~6 M) which represent levels

achievable in vivo without untoward toxicity (9, 15). Dimethyl
sulfoxide (1.2-1.6%) and TPA (10~'Â°-10"8 M) also inhibited

clonal growth of NSCLC cells, whereas the growth of these
cells was not affected by 1,25-dihydroxyvitamin D3. Olsson et
al. (27), Gescher et al. (28), and Willey et al. (29) also described
several NSCLC cell lines which were inhibited in their clonal
growth by either retinoic acid (l(T6-l(r8 M) or TPA (W-lOr*

M).
Our study represents an analysis of the effect of a large

number of agents on clonal proliferation of cells from a variety
of lung cancer lines. We found that cells of most SCLC lines
were resistant to modulation of their clonal proliferation by
most agents. We found that NSCLC lines were sensitive to
growth inhibition by a number of substances that we tested. In
particular, TNF in combination with 7-interferon was a potent
inhibitor of clonal growth. Other studies have shown that these
agents have few deleterious effects on normal hematopoiesis
(23); in contrast, hematopoiesis is markedly inhibited by most
chemotherapeutic agents. Patients with either acute myeloge-
nous leukemia or preleukemia have been treated with nonchem-
otherapeutic agents that have been shown to inhibit clonal
proliferation or induce differentiation of these neoplastic cells
(29). For example, retinoic acid inhibits clonal proliferation
and induces differentiation of leukemic cells in vitro (15). Clin
ical studies and case reports have shown that some of the
preleukemic and leukemic patients achieve complete or partial
remissions after receiving retinoic acid (27). Further studies are
necessary in lung cancer to investigate whether the data con
cerning inhibitors of in vitro clonal growth can be translated
into in vivo tumor killing. The combination of TNF, 7-inter
feron, and chemotherapy may provide a possible therapeutic
approach to certain types of non-small cell lung cancer.
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