
(CANCER RESEARCH 51, 5205-5211, October l, 19911

Production of Neuromedin B and Neuromedin B Gene Expression in Human Lung
Tumor Cell Lines1

Carles Cardona,2 Pamela H. Rabbitts, Eliott R. Spindel, Mohammed A. Chatei, Norman M. Blechen,
Stephen R. Bloom, and Julie G. Reeve3

Medical Research Council, Clinical Oncology and Radiotherapeutics Unit, MRC Centre, Hills Road, Cambridge CB2 2QH, United Kingdom [C. C., J. G. R., P. H. R.,
N. M. B.J; Oregon Regional Primate Research Center, Beaverton, Oregon 97006 [E. R. S.J; and Department of Medicine, Hammersmith Hospital, Ducane Road,
London WÃŒ2OHS, United Kingdom [M. A. G., S. R. B.J

ABSTRACT

Gastrin-releasing peptide (GRP), a mammalian bombesin-like peptide,
has been shown to be an important autocrine growth factor for small cell
lung cancer (SCLC). However, not all SCLC cell lines express the GRP
gene or respond mitogenically to GRP stimulation, suggesting the exist
ence of other autocrine pathways in this tumor. Neuromedin B (NMB),
the mammalian counterpart of amphibian ranatensin, has been shown to
be a mitogen for SCLC cell lines in vitro. To determine whether NMB
is a potential autocrine growth factor for lung tumors, NMB gene
expression, peptide synthesis, and secretion have been investigated in a
panel of SCLC and non-SCLC (NSCLC) cell lines.

Northern blot analysis and enzymatic amplification from mRNA by
polymerase chain reaction showed that the NMB gene was expressed in
all SCLC and NSCLC cell lines examined. In contrast, the GRP gene
was expressed in four of six classic SCLC cell lines but not in variant
SCLC or NSCLC cell lines. Immunoreactive NMB was detected by
radioimmunoassay in the majority of classic SCLC, in one of three variant
SCLC and in one of three NSCLC cell lines, and secreted NMB was
detected in medium conditioned by a SCLC and a NSCLC cell line.

The present study also demonstrated the presence of immunoreactive
GRP in the absence of detectable GRP gene expression. The antiserum
used in the GRP radioimmunoassay failed to cross-react with NMB but
showed some cross-reactivity with amphibian phyllolitorin raising the
possibility that certain SCLC cell lines may produce a phyllolitorin-like
peptide.

INTRODUCTION

Amphibian bombesin-like peptides have been classified into
the bombesin, the ranatensin, and the phyllolitorin subfamilies
on the basis of their primary structure (1-4), their pharmaco
logical activities (5, 6), and, in part, their receptor affinities (7,
8). Many human SCLCs4 and SCLC-C1 cell lines synthesize
and secrete GRP (9-13), the mammalian homologue of am
phibian bombesin (14). The demonstration that this peptide
stimulates mitogenesis (15), in SCLC cells via interaction with
high affinity receptors (16-19), together with the antiprolifer-
ative action of antibodies to GRP (20) confirm that GRP is an
autocrine growth factor for human SCLC. However, substantial
evidence suggests that cell proliferation in many SCLC tumors
may not be dependent on the GRP autocrine loop. Several
SCLC cell lines, termed SCLC-V, contain low or undetectable
amounts of immunoreactive GRP (21) or fail to express the
GRP gene (22). GRP receptors have not been detected on all
SCLC cells (17-19, 23), and some SCLC lines are unresponsive
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to GRP stimulation (18, 19, 24). One possibility is that sub
stances unrelated to the bombesin-like peptides are driving
mitogenesis in these cells. Indeed, SCLC cell lines have been
shown to secrete and respond mitogenically to insulin-like (25)
and transferrin-like molecules (26). However, given the close
amino acid sequence homologies and similar bioactivities of
members of the bombesin-like peptide subfamilies, mammalian
homologues of the ranatensin (27, 28) and phyllolitorin pep
tides may also function as autocrine growth substances for lung
tumor cells. Although to date no mammalian homologue of the
phyllolitorin subfamily has been isolated, there is some evidence
for the presence of a phyllolitorin-like peptide in extracts of
lymphoblasts from human leukemic bone marrow (5). The
ranatensin-like peptides are represented in mammalian tissues
by NMB and, significantly, this peptide has been shown to
stimulate mitogenesis in some SCLC cell lines in vitro (29). To
investigate the possibility that NMB is involved in the autocrine
control of the lung tumor cell proliferation, this investigation
compares the expression of the NMB and GRP genes in SCLC
and NSCLC and the production of immunoreactive NMB and
GRP by these cell lines.

MATERIALS AND METHODS

Cell Lines. SCLC-CI cell lines included in the study were COR-L32,
COR-L47, COR-L51, COR-L88, NCI-H69, NCI-H128, NCI-H345,
POC, and MAR. SCLC-V cell lines included were COR-L24, COR-
L27, COR-L42, and COR-L103. NSCLC lines were COR-L23 (large
cell carcinoma), MOR (adenocarcinoma), and BEN (squamous cell
carcinoma). COR-L26, COR-L65, and COR-L96E are B-lymphoblas-
toid cell lines and Daudi is a Burkitt's lymphoma cell line. Lung tumor
cell lines and B-lymphoblastoid lines with the designation "COR-L"

were kindly supplied by Dr. P. Twentyman, in our unit, and most have
been described elsewhere (30). COR-L 103 was derived from a SCLC
patient and on the basis of cytological and biochemical features is
considered a SCLC-V cell line.5 NCI-H69 and NCI-H345 were supplied

by Dr. A. Gazdar, NCI, Bethesda, MD. NCI-HI28 was obtained from
the American Type Culture Centre, Rockville, MD. POC, MAR, BEN,
and MOR were kindly donated by Dr. M. Ellison, Ludwig Institute,
Sutton, United Kindom. Cells were maintained in RPMI 1640 supple
mented with 10% fetal calf serum, glutamine, penicillin, and strepto
mycin (all Gibco Europe, Ltd.).

Peptides. 125I-GRP(2000 Ci/mmol) was purchased from Amersham
International Pic., Amersham, United Kingdom. Lys'-bombesin, phyl

lolitorin, and GRP 1-16 were obtained from Peninsula Laboratories
Europe, Ltd. United Kingdom, and GRP (human), litorin, ranatensin,
and neuromedin B were from Sigma Chemical Co., Ltd., Poole, United
Kingdom.

RNA Preparation and Northern Blot Analysis. Cells in logarithmic
phase of growth were collected by centrifugation and resuspended in a
solution containing 6.0 M guanidine hydrochloride and 0.2 M sodium
acetate (pH 5.6). DNA was sheared by vigorous homogenization in a
Vir-Tis homogenizer (Vir-Tis Company, NY). RNA was precipitated
by the addition of 0.5 volume of 95% ethanol followed by incubation

* P. Twentyman, personal communication.
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at -20Â°Covernight. The pelleted precipitate was dissolved in a solution

containing 7.0 M urea, 0.35 M NaCl, 50 mM Tris (pH 7.5), 1 HIM
EDTA, and 0.2% SDS and was extracted once with phenol-chloroform.
RNA was precipitated from the aqueous phase using 2 volumes of
ethanol, washed with 70% ethanol, air dried, and dissolved in sterile
double distilled water.

Approximately 20 fig of total cellular RNA in 10 mM sodium
phosphate buffer (pH 7.0) was denatured in 1.0 M glyoxal for l h at
50"C. The RNA was then electrophoresed in a 1.4% agarose gel in 10

mM sodium phosphate buffer and was transferred by Northern blotting
to Hybond N nylon filters (31) (Amersham). After treatment for 20 s
with UV light, the nylon filters were baked at 80Â°Cfor 2 h before

hybridization.
GRP and NMB cDNA probes (32, 33) were prepared by oligolabeling

(34). Radiolabeled probes were separated from unincorporated nucleo-
tide triphosphates using Sephadex G-50 (Pharmacia, Inc., Piscataway,
NJ) and boiled for 3 min before use. The labeled probes, at concentra
tions of IO6cpm/ml, were hybridized to the filters in 1 M NaCl-0.1 M

trisodium citrate, 5% dextran sulfate, 0.02% Ficoll, 0.02% bovine serum
albumin, 0.02% SDS, and 150 Mg/ml sonicated salmon sperm DNA at
65'C for 18 h. Filters were washed with 0.016 M NaCl-0.0016 M
trisodium citrate 0.1% SDS at 65Â°Cto remove unhybridized probe

prior to autoradiography.
Enzymatic Amplification from RNA by PCR. Synthetic oligonucleo-

tides, designed on the basis of the nucleotide sequences of mRNA
encoding pre-pro-GRP (32) and pre-pro-NMB (33), were synthesized
using an Applied Biosystems 380 DNA synthesizer. The sequences of
the primers used for GRP mRNA amplification are

(Gl) 5'.. .CTCTTCCCAGCCTCTCCGGCGCGCTCCA-

AGGGCTTCCCGTCGGGA.. .3'

corresponding to nucleotides 9-53

(G2) 5'.. .GGCCTTGGGTTGAGGTGG-

CTGGTGGTTTCTGTTCTCCTTTGCTTC.. .3'

complementary to nucleotides 364-320. The 350-base pair interval to
be amplified is common to the three types (22, 32) of pre-pro-GRP
mRNA. The expected size of the amplified product is 356 base pairs.

Sequences of primers used for NMB mRNA amplification are

(Nl) 5'.. .GGCGCTCGGATGTTCGGCAGCCTC.. .3'

corresponding to nucleotides 55-78

(N2) 5'. . .CAGGAACATAATCTGTGTCTGCAT.. .3'

complementary to nucleotides 590-567.
The expected size of the amplified product is 536 base pairs.
Ten jig of total RNA were reverse transcribed into first-strand cDNA

by addition of 5 pi of 0.1 M dithiothreitol, of 2.5 Â¡A5 mM deoxyribo-
nucleoside triphosphate [Pharmacia LKB, United Kingdom], 20 pmol
of either oligonucleotide G2 or N2, and 5 pi of 5 x reverse transcriptase
buffer [500 mM Tris (pH 8.3), 60 mM MgCl2, and 400 mM KC1]. After
heating for 10 min at 70Â°C,the reaction mixture was cooled to 25Â°C

and 2 units of avian myeloblastosis virus reverse transcriptase (Anglian
Biotec Ltd., United Kingdom) were added. Following incubation at
42Â°Cfor 1 h, a 5-pl aliquot of first strand cDNA was added to 20 pmol

of either oligonucleotide primers Gl and G2 or primers Nl and N2, 5
ni of 5 mM deoxynucleoside triphosphate, and 5 pi of 10 x Thermus
aquaticus polymerase buffer [0.67 mM Tris (pH 8.8)-0.17 M (NH4)2-
SOvO.l M MgClrO.l M bromomercaptoethanol-2 mg/ml gelatine] in
a total volume of 50 Â¡A.Two units of T. aquaticus polymerase (Cetus
Co, St. Louis, MO) were added and amplification (35 cycles) was
performed using a PHC-1 automated cycler (Techne Ltd., United
Kingdom). Annealing was for 2 min at 50Â°Cfor GRP primers and
55Â°Cfor NMB primers. For both GRP and NMB oligonucleotides,
polymerization was at 72Â°Cfor 3 min and denaturation at 95Â°Cfor 1

min. Forty pi of the reaction mixture were then electrophoresed on 2%
agarose gels in the presence of ethidium bromide. Amplified products
were detected by UV light transillumination and by autoradiography
following Southern blotting (35) and hybridization with either labeled
pbl2 cDNA (GRP) or NMB cDNA.

Detection of Intracellular Immunoreactive GRP and NMB. Cells
growing in serum-free RPMI 1640 for 24 h were harvested by centrif-
ugation, boiled in 2 N acetic acid, and mechanically homogenized.
Following centrifugation at 13,500 rpm at 4Â°C,supernatants were
frozen, lyophilized, and stored at â€”¿�20Â°Cunder vacuum prior to radio-

immunoassay (RIA). For the detection of immunoreactive GRP, recon
stituted samples were assayed in duplicate using a GRP RIA (Amer
sham) according to the manufacturer's instructions. The cross-reactivity
of the antisera used in the GRP RIA with Iys3-bombesin, human GRP,
ranatensin, litorin, NMB, phyllolitorin, and GRP 1-16 was determined
by the addition of increasing quantities of each peptide up to 0.1 pM in
the RIA. The detection of Â¡mmunoreactive NMB was as described
previously (36). Briefly, the antiserum (NMB8) was raised in a rabbit
immunized with synthetic porcine NMB 10 conjugated to bovine serum
albumin with glutaraldehyde and was used at a final dilution of
1:64,000. This antibody cross-reacted 85% with NMB32, 70% with
litorins, and 60% with ranatensin but showed no significant cross-
reaction with other known neuropeptides, including bombesin-like pep-
tides and substance P (<0.05%). NH2-terminal-tyrosylated-NMB was
iodinated by conventional chloramine-T oxidation and purified by high
pressure liquid chromatography. The assay was carried out in 0.06 M
phosphate buffer, pH 7.4, containing 0.01 M EDTA and 0.3% bovine
serum albumin and incubated at 4Â°Cfor 4 days. The antibody-bound

and free peptide were separated by addition of 6 mg dextran-coated
charcoal. The assay was capable of detecting changes between adjacent
tubes of 1.0 fmol with 95% confidence.

Secretion of Immunoreactive NMB and GRP. SCLC cells were har
vested by centrifugation, washed twice in RPMI 1640, and resuspended
in the same medium in 2-ml Eppendorf tubes at the appropriate cell
density. Cells were incubated at 37Â°Cin a humidified atmosphere of

8% CO2 and 92% air for 5 min to 6 h. Cells and conditioned media
were centrifuged at 13,500 rpm for 10 min at 4Â°C,and supernatants

were treated with acetic acid to give a final concentration of 2 N.
Samples were lyophilized and assayed using the previously described
NMB and GRP radioimmunoassays.

RESULTS

NMB Transcripts and Immunoreactive NMB in Lung Tumor
Cell Lines. Northern blot analysis of NMB gene expression is
shown in Fig. \A. It can be seen that a NMB mRNA transcript
of 650 base pairs is present in all SCLC and NSCLC cell lines
examined and that a second transcript of 850 base pairs is
present in the NSCLC cell line BEN. The Daudi cell line and
a B-lymphoblastoid cell line show no detectable NMB gene
expression. Table 1 shows that whereas NMB mRNA was
detected in all cell lines examined, immunoreactive NMB was
detected in 8 of 12 SCLC cell lines and in 1 of the 3 NSCLC
cell lines examined.

GRP Transcripts and Immunoreactive GRP in Lung Tumor
Cell Lines. Fig. IB shows that 4 of 6 SCLC-C1 cell lines studied
express the GRP gene as evidenced by the presence of a single
mRNA transcript of 1.1 kilobases. Surprisingly, SCLC-C1 cell
lines COR-L47 and POC showed no detectable GRP gene
expression. All other lines, including SCLC-V and NSCLC cell
lines, similarly failed to show GRP gene expression.

Fig. 1C shows the actin signal for tracks shown in Fig. 1, A
and B, and indicates that approximately equal amounts of RNA
were loaded in each track.

The apparent absence of GRP mRNA in SCLC cell lines
COR-L47 and POC was investigated further by enzymatic
amplification of GRP transcripts by PCR using gene specific
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Fig. 1. Northern blot analysis of NMB, GRP, and 0-actin gene expression in human lung, B-lymphoblastoid, and Burkitt's lymphoma cell lines. Approximately
20 Mgof total RNA were subjected to electrophoresis and hybridized with GRP (A), NMB (A), human cDNA probes and /3-actin mouse cDNA probe (C) as described
in "Materials and Methods." The latter was hybridized as described in "Materials and Methods" but washed with 1 M NaCI-0.1 M trisodium citrate-0.1% SDS at
65'C. Filters were autoradiographed at -70Â°Cwith an intensifying screen for 5 days (A), 10 days (A), and 1 day (C). RNA molecular weight estimates were based on

the mobilities of ethidium bromide staining of RNA markers from bacteriophage T7 and rat prolactin gene (BRL). Kb, kilobases.

primers. Fig. 2A shows typical ethidium bromide-stained PCR
products and Fig. IB shows Southern blot analysis of PCR
products probed with the pbl 2 GRP cDNA probe. The expected
PCR product of 360 base pairs was readily detected in 4 of the
6 SCLC-C1 cell lines. However, as with Northern blot analysis,

GRP transcripts could not be detected with the PCR method
in SCLC-C1 lines COR-L47 and POC, SCLC-V lines, NSCLC
cell lines, and B-lymphoblastoid cell lines. To confirm that the
mRNA from COR-L47, POC, and COR-L24 could be enzy-
matically amplified by PCR, the mRNA from these and the
other lung tumor cell lines included in the study were reverse
transcribed using a NMB oligonucleotide primer and the first
strand cDNA amplified. Fig. 2C shows that the expected prod
uct of 530 base pairs was readily detected in POC, COR-L47,
and COR-L24 as well as all other cell lines examined.

Table 1 shows the immunoreactive GRP contents of lung
tumor cell lines. It can be seen that there is good correlation
between the occurrence of GRP mRNA and GRP immunoreac-
tivity for most cell lines. However, immunoreactive GRP was
detected in SCLC-C1 cell lines COR-L47 and POC and SCLC-
V cell line COR-L24, which do not contain detectable GRP
transcripts (Figs. \B and IB). Fig. 3 and Table 2 show the
reactivity of the anti-GRP antiserum in the RIA with a variety

of peptides. Compared to the immunogen Iys3-bombesin, the
antiserum showed 28% cross-reactivity with human GRP. The
antiserum failed to cross-react with NMB, ranatensin, litorin,
and GRP 1-16 but showed weak (0.017%) cross-reactivity with
phyllolitorin.

Secretion of Immunoreactive NMB and GRP. Fig. 4 shows
NMB and GRP secretion by COR-L32 and NCI-128 respec
tively. It can be seen that for both peptides secretion is cell
density dependent (Fig. 4A). Fig. 4B shows the time course of
NMB and GRP secretion. For both NMB and GRP, peptide
secretion reaches a peak and then plateaus over the 6-h period
studied. RIA of culture medium conditioned by NSCLC cell
line BEN also showed secretion of NMB (6.2 fmol/107 cells/6

h) by this cell line.

DISCUSSION

The present study has demonstrated the expression of the
NMB gene in all SCLC and NSCLC cell lines examined. A
single transcript of 650 base pairs was present in all lung tumor
cell lines and a 850-base pair transcript was detected in 1 of 13
lines examined. In human brain and gastrointestinal tissues,
two NMB mRNAs of 750 and 850 base pairs have been detected
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Fig. 2. Detection of GRP (A and B) and NMB (C) gene expression using enzymatic amplification from mRNA by polymerase chain reaction in human lung and
B-lymphoblastoid cell lines. Amplified products were either detected by UV light transillumination for GRP PCR products (A) or by autoradiography following
Southern blotting and hybridization with radiolabeled GRP (B) or NMB (O cDNA probes. Filters were autoradiographed at â€”¿�70'C with an intensifying screen for
8 h (B) and 2 h (O- DNA size estimates were based on the mobilities of ethidium bromide staining markers of Phy X-174 RF DNA restricted with //Â«<â€¢!11(Biolabs,
N.E.). bp, base pairs.

(33) perhaps suggesting that in both normal and tumor tissues
there is alternative splicing of the NMB gene transcript or
alternative sites of initiation of transcription and polyadenyla-

tion. The detection of intracellular NMB in most lines, includ
ing classic and variant SCLC and NSCLC, and the presence of

NMB in the cell-conditioned medium of SCLC cell line COR-
L32 and NSCLC cell line BEN demonstrate that the hormone
is synthesized and secreted by these cells. However, it is not
known if the immunoreactive NMB detected is the fully proc
essed peptide or a precursor molecule. Based on the predicted
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Table 1 Quantitation of intracellular immunoreactive GRP and NMB in human
lung tumor cell lines by RIA

Values are shown as fmol/mg of soluble protein and for the GRP RIA represent
the mean Â±SD of three or more determinations. For the NMB RIA the detection
limit was 1 fmol/tube and for the GRP RIA it was 2 fmols/tube. ND, not done;
NSCLC-SQ, non-small cell lung cancer-squamous: NSCLC-LC, non-small cell
lung cancer-large cell carcinoma; NSCLC-AD. non-small cell lung cancer-ade-
nocarcinoma.

TypeSCLC-C1SCLC-VNSCLC-SQNSCLC-LCNSCLC-ADCelllineNCI-HI

28NCI-H209NCI-H345POCCOR-L51COR-L88MARCOR-L47COR-L32NCI-H69COR-L103COR-L24COR-L27COR-L42NCI-H82NCI-H524NCI-H526NCI-N417BENCOR-L23MORGRP

(fmol/mg)
(mean Â±SD)13,061

Â±1,3265,533
Â±6115,287

Â±6671,823
Â±183626
Â±364585
Â±73208
Â±83171

Â±65145
Â±6467

Â±37<27Â±53Â±

1<2<2<2<2<2<2<2<2NMB

(fmol/mg)3.311.3;

8.06.2ND7.8;

2.4;5.4<1.04.5<1.0258.8;

992.82.5;
2.73.7;

2.6;2.5<1.0ND<1.0NDNDNDND1.6;

1.8<1.0<1.0

120-1

fmol (unlabelled peptide)

Fig. 3. Titration binding curves of anti-GRP antiserum used in GRP RIA to
bombesin-related peptides. O, lys'-bombesin; â€¢¿�,GRP (human); G, phyllolitorin;
â€¢¿�,ranatensin; O, litorin; Â»,NMB; A, GRP 1-16. B, cpm of '"I-GRP in the
presence of unlabeled peptide. Bo, cpm of 125I-GRP in the absence of unlabeled

peptide.

structure of pro-NMB, production of biologically active NMB
1-32 requires cleavage at a pair of basic amino acids to separate
NMB 1-32 from pro-NMB 36-76, removal of the two basic
amino acids (pro-NMB34 and pro-NMB35), and amidation of
the carboxyl-terminal methionine residue of NMB using a
glycine donor (pro-NMB33). While such events are likely to
occur in SCLC cells, since these process pro-GRP, it is not
clear whether NSCLC cells are able to carry out prohormone
processing. The antiserum used for the detection of NMB is
thought to recognize the phenylalanine residue at the COOH-
preterminal position of NMB 1-32 since it does not cross-react
with bombesin- or substance P-like peptides. However, it is not
known whether the antiserum reacts only with the amidated
peptide or will also react with the free acid and the uncleaved

hormone. Molecular characterization of intra- and extracellular
immunoreactive NMB is in progress to elucidate posttranscrip-
tional processing of the NMB hormone precursor molecule in
SCLC and NSCLC cells and to investigate the possibility that,
by analogy with GRP, other peptide ligands are also produced
by posttranslational processing of the prohormone. Indeed, the
strong conservation of sequence between porcine and human
NMB 32 suggests that all physiological activity does not reside
in the terminal decapeptide (i.e., NMB). Failure to detect
immunoreactive NMB in all lines may reflect the low levels of
intracellular NMB which are, for most lines, only slightly above
the detection limit of the RIA (l fmol/tube).

The expression of the NMB gene in "classic" and "variant"

SCLC cell lines and in NSCLC cell lines is in marked contrast
to the restricted distribution of GRP gene expression. The
finding in the present study that GRP gene expression occurs
in SCLC-C1 lines only and that SCLC-V and NSCLC lines do

not contain GRP mRNA is consistent with an earlier report
(22) and with the absence of GRP immunoreactivity in these
cells (21). However, the present study shows also that SCLC-
Cl cell lines COR-L47 and POC and SCLC-V line COR-L24,
which contain immunoreactive GRP, do not express the GRP
gene as determined by Northern blot analysis and enzymatic
amplification from mRNA by PCR. The nonconcordance be
tween the occurrence of GRP mRNA and the presence of GRP
immunoreactivity questions the nature of the immunoreactive
substance detected in these lines. Although many SCLC cell
lines have been characterized with respect to their immunore
active GRP content, few have been examined for GRP gene
expression. The findings of the present study raise the possibil
ity that the immunoreactive GRP detected in SCLC-C1 cell
lines to date is, in a proportion of lines, an immunologically
cross-reactive peptide and not GRP itself. Indeed, several anti
bodies raised against Iys3-bombesin, including the monoclonal

antibody 2A11 and BBC353 which have been used for the
immunodetection of bombesin/GRP, are cross-reactive with a
number of bombesin-related peptides (37, 38). The antiserum
used in this study did not cross-react with NMB or other
ranatensin-like peptides, indicating that NMB is not the im
munoreactive substance detected in SCLC cell lines COR-L47,
POC and COR-L24. One possibility is that these cells produce
a peptide homologous with the amphibian phyllolitorin. Indeed,
the antiserum used in the GRP RIA was found to be weakly
cross-reactive with the amphibian peptide. Aguayo et al. (39)
have detected a bombesin-like peptide in bronchial lavage fluids
of cigarette smokers, which is, like phyllolitorin, rich in serine.
Studies are in progress to isolate and characterize the immu
noreactive GRP-like peptide produced by COR-L47, POC, and
COR-L24.

The findings that the NMB gene is ubiquitously expressed in
lung tumor cell lines, that certain lines also express the GRP

Table 2 Cross-reactivity of anti-GRP antiserum with bombesin-related peptides

%Cross-reactivityÂ°Lys3-bombesin

GRP (human)
Phyllolitorin
Ranatensin
Litorin
NMB
GRP 1-16100.000

28.600
0.017

<0.003
<0.003
â€¢¿�cO.003
<0.003

% cross-reactivity =
IC50 (fmol) lys'-bombesin

1CÂ»(fmol) test peptide
x 100

in which IC;o is the 50% inhibitory concentration.
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(a)

Fig. 4. Secretion of itnmunoreactive NMB
by COR-L32 (O), and GRP by NCI-HI28 (â€¢).
il) Results are shown as a function of cell
density for a period of 6 h. (B) Results are
shown as a function of time.
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gene, and that a novel bombesin-related peptide may also be
produced by these cells suggest that multiple bombesin-like
peptides may be involved in lung tumor cell proliferation.
Indeed, we have recently demonstrated Ca2+ mobilization re

sponses in SCLC and NSCLC cell lines following stimulation
with NMB and phyllolitorin after homologous desensitization
of the GRP receptor (40). In these studies, GRP stimulation
elicited Ca2+ mobilization in 4 of 10 SCLC and 0 of 3 NSCLC

cell lines. NMB responsiveness was observed in 6 of 10 SCLC
and 2 of 3 NSCLC cell lines. Importantly, several cell lines
shown to contain immunoreactive NMB, e.g., NCI-345, COR-
L103, and the NSCLC cell line BEN, demonstrated Ca2+ mo

bilization in response to NMB stimulation, suggesting further
that this peptide may be involved in the autocrine growth of
lung tumor cells. The observation that NMB elicited Ca2+

mobilization after homologous desensitization of the GRP re
ceptor is indicative of the expression of separate NMB receptors
on SCLC cell lines. Given the high affinity of the GRP receptor
for NMB, molecular cloning of the NMB receptor is essential
for defining the distribution of NMB receptors in lung tumors
and their role in the pathogenesis of this disease.

The findings of the present study are particularly significant
given the known mitogenic properties of NMB (29, 41). NMB
is a potent mitogen for Swiss 3T3 cells (41) and has been shown
to stimulate the clonal growth of several SCLC cell lines, with
a peak effect identical to that of GRP at 3-30 HM. These
observations, together with the findings presented here, strongly
suggest that NMB, like GRP, is an autocrine growth factor for
lung tumor cells.
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