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ABSTRACT

Small cell lung cancer cell (SCLC) lines, NCI-H82, NCI-H660, and
NCI-HI284, and HeLa cells were analyzed for the presence of atrial

natriuretic peptide (ANP) receptors. In these SCLC cell lines and HeLa
cells, ANP A receptor mRNA was identified by Southern blot analyses of
polymerase chain reaction products and RNase protection assays using
poly(A) Â°-selected RNA. Saturable binding assays revealed that HeLa cells

had 2000 to 5000 high affinity atrial natriuretic peptide receptors per cell
with a dissociation constant of 140 PM. In the SCLC cell lines, the binding
was saturable bul too low to accurately estimate the number of binding
sites. After addition of human ANP, radioimmunoassays revealed accu
mulation of cyclic GMP in SCLC cells as well as HeLa cells in a dose-
dependent fashion. The half-maximal stimulation concentration of cyclic

GMP accumulation in HeLa and these SCLC cell lines was approximately
2 MM.Tetrazolyl blue assays and tritiated thymidine incorporation did not
show any remarkable growth inhibition or growth stimulation of SCLC
cell lines after addition of human ANP up to 3.3 UM,more than 1000-fold
greater than the half-maximal stimulation concentration of cyclic GMP

accumulation. Our results indicate that human SCLC cells express func
tional ANP receptors but ANP addition produced no detectable change in
their growth pattern.

INTRODUCTION

A variety of polypeptide hormones that stimulate the growth of cells
are produced by SCLC3 cells including GRP, IGF-I. transferrin, AVP,

and vasoactive intestinal peptide ( I ). GRP and bombesin stimulate the
growth of Swiss 3T3 cells (2) and SCLC cells (3), IGF-1 and trans

ferrin stimulate SCLC cell growth (4, 5). AVP stimulates Swiss 3T3
and SCLC cell growth (6). and vasoactive intestinal peptide stimulates
Swiss 3T3 cell DNA synthesis (7) and human lung adenocarcinoma
cell growth (8). Receptors for some of these peptides have been
detected on SCLC cells (9). GRP and IGF-I receptors have been

identified on SCLC cell lines by detecting mRNA expression of the
receptor and rudioligand binding assays (10-12). The ectopie produc
tion of growth-stimulating peptides by cancer cells and the presence of

receptors to these factors on cancer cells (9) have led to the proposal
that these peptides can function in a paracrine or autocrine growth-

stimulating manner in cancer cells (13).
ANP possesses natriuretic and vasodilating activity. Human ANP

has been isolated and purified from the cardiac atria, the peptide
sequenced (14). and the gene cloned and sequenced (15). The expres-
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sion of ANP mRNA in SCLC has been identified by Northern blot
analysis, S, nuclease assay, and RNase protection assay (16-18).

Peptide production of ANP in human SCLC cell lines and tumors has
been detected by radioimmunoassay (18, 19).

Three different receptors, A receptor (20). B receptor (21), and C
receptor (22), which bind natriuretic peptides. have been cloned, se
quenced. and characterized. The A receptor and the B receptor have an
intracellular protein kinase and a guanylate cyclase homologous por
tion (23). When the natriuretic peptide binds the A or B receptor, the
paniculate guanylate cyclase is activated and cyclic GMP accumulates
in the cells (24). The C receptor functions as a clearance receptor for
natriuretic peptide because C receptor does not contain the protein
kinase region and the guanylate cyclase region (22, 25). In the kidney
and the blood vessels, the C receptor is the most common receptor
followed by the A receptor (25. 26). The B receptor is principally
found in the central nervous system (23).

ANP has been found to inhibit, stimulate, and have no effect on the
growth of different types of cells. ANP has been reported to inhibit
murine smooth muscle cell growth stimulated by angiotensin II or the
addition of serum (27-29). Ganz et al. (28) reported that ANP does not

inhibit the growth of rat glomerular mesangial cell growth stimulated
by AVP. In contrast, Horiba et al. (30) reported that ANP stimulated
the growth of rat adrenal zona glomerulosa cells.

The ectopie production of ANP by SCLC and the potential presence
of an ANP receptor could establish an autocrine loop, causing growth
inhibition in SCLC cells in.addition to the previously described au
tocrine loop causing growth stimulation (31 ). Therefore, we evaluated
SCLC cells for natriuretic peptide receptors by conducting PCR,
Southern blotting. RNase protection assays, cyclic GMP radioimmu
noassays, and '25I-labeled ANP binding assays. We also evaluated the

effect of ANP on the growth of lung cancer cells using a semiauto-

mated tetrazolium dye MTT assay and by measuring pHlthymidine
incorporation.

MATERIALS AND METHODS

Cell Lines and Cell Culture. Human SCLC cell lines, NC1-H82, NCI-
H660, and NCI-HI284, were established from patients with histologically

proven SCLC treated on the Institutional Review Board-approved protocols at
the National Cancer Institute-Navy Medical Oncology Branch (32). NCI-
HI 284 produces ANP (18), whereas NCI-H824 and NCI-H660 (18) do not

produce detectable ANP. NCI-H82 is a variant SCLC cell line, and NCI-H660
and NCI-H1284 are classic SCLC cell lines (33). The HeLa cell line was

obtained from American Type Culture Collection (Rockville. MD) and was
used as a source for ANP A receptor mRNA, binding assays, and cyclic GMP
production (34). NCI-H82, NCI-H660. and HeLa cells were cultured in RPMI
1640 supplemented with 5<7rheat-inactivated FBS, and NCI-HI284 was cul

tured in ACL4 medium with and without 5% heat-inactivated FBS. All media

contained 100 U/ml penicillin G sodium and KM)jug/ml streptomycin sulfate.
All SCLC cell lines and HeLa cells were grown at 37Â°C in a 5% CO2

humidified incubator.
Total RNA and Poly(A) ' -selected RNA Preparation. Total cellular RNA

was prepared from these cell lines by the guanidine isothiocyanate and cesium
chloride gradient method (35). Poly(A)*-selected RNA was prepared from
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cells directly using the Fast Track mRNA isolation kit (Invitrogen. San Diego.
CA) according to the manufacturer's instructions. A normal human kidney

sample obtained at post mortem examination was used as a source of ANP A
receptor mRNA.

cDNA Fragment Preparation. A 2.98-kilobase pair ANP A receptor

cDNA fragment introduced in a pud 19 vector was a generous gift from Dr. A.
Singh. Genentech. Inc.. South San Francisco, CA (36. 37). The cDNA
was digested with Â£c-oRIand Hindlll restriction enzymes to produce a 191-

bp fragment encoding the extracellular domain of the ANP A receptor
(ANPHi:oR|.Hmdm) and was subcloned into a pGEA/3 vector (Promega.
Madison. WI).

Polymerase Chain Reaction Product Southern Blotting Hybridization
Analysis. First strand cDNA was synthesized from 20 /xg of total RNA using
random hexamers by Moloney murine leukemia virus reverse transcriptase
(Promega) and used as templates for the PCR. The oligonucleotide primers
used for PCR amplification of the ANP A receptor were sense 5'-TTCGGT-
GTCAAGGACGAGT-.V (no. 479-499). antisense 5'-TTCTCGGGATCCAT-

ATCCCAGAGGGAGAAG-.V (no. 1264-1293) for the extracellular domain,
and sense 5'-GAGCCTGCAGGACATTCTGGAGAAT-.V (no. 1897-1921).
antisense 5'-CTGTGTTGACTGTTATCCCCAAAGAGA-3' (no. 3022-3047)

for the imracellular domain. Before the PCR experiment, the oligonucleotide
primers were applied to genomic DNA extracted from normal human lympho-

blast cells. The primers were unable to amplify nucleic acid by PCR from
genomic DNA. Oligonucleotide primers used for amplification of human ÃŸ-ac-
tin were sense 5'-ATCATGTTTGAGACCTTCAA-3' (no. 1854-1874) and
antisense 5'-CATCTCTTGCTCGAAGTCCA-3' (no. 2152-2172) (38). These

primers were prepared using a 380B DNA synthesizer (Applied Biosystems.
Inc.. Foster City. VA) in the National Cancer Institute-Navy Medical Oncology

Branch according to vendor instructions. Amplification of cDNA consisted of
one cycle of 94Â°Cfor 1 min, 55Â°Cfor 1 min, and 72Â°Cfor 2 min for 35 cycles
and ending with a 15-min extension at 72Â°C.After amplification. 20 n\ of the

100-u.l PCR products were resolved on 2.0% agarose gels. After transfer to a
nylon membrane (Hybond-N + ; Amersham. Arlington Heights, IL), the mem
brane was hybridized with radiolabeled DNA fragment at 65Â°Covernight. The

membrane was washed twice with 0.1% SDS containing a 2x buffer of 3 M
NaCl. 0.2 M NaH2PO4-H2O, 0.02 M EDTA-Na2, pH 7.4, for 10 min at room

temperature, then washed twice with 0.1 % SDS containing a 1X buffer of 3 M
NaCl, 0.2 M NaH2PO4-H2O, 0.02 M EDTA-Na2, pH 7.4, for 10 min at 65Â°C

followed by autoradiography. The (3-actin sequence for the radiolabeled oli
gonucleotide was 5'-GACCTGGCTGGCCCGGACCTGACTGACTGAC-3'

(no. 2026-2056). Labeling was performed by the end-labeling of synthetic

probes method (38. 39).
RNase Protection Assay. A "P-labeled antisense ANP A receptor RNA

was prepared from ANPEcl,R1.Hiâ€ždiiicDNA fragment using [3-P]UTP (Amer

sham. Arlington Heights, IL) by T7 RNA polymerase (Promega. Madison.
WI); 1 x IO5 cpm of radiolabeled antisense RNA was hybridized with 20 u,g
total cellular RNA or 5 /xg poly(A)*-selected RNA at 56Â°Covernight followed

by digestion with 3.68 fig/ml RNase A (Boehringer Mannheim Biochemicals,
Indianapolis. IN) at 34Â°Cfor 30 min. The protected fragments were analyzed

by a (>r/cdenaturing polyacrylamide gel electrophoresis followed by autorad

iography (40).
I25l-labeled ANP Binding Assay. Binding assays were carried out with

NCI-H82. NCI-H660, NCI-HI284, and HeLa cells at room temperature using

cells (24). Cells were washed 3 times with RPMI 1640 and resuspended in
RPMI 1640 containing 4% BSA, pH 7.4. to make 5 x 10" cells/ml using
Falcon 2063 tubes (Becton Dickinson, Lincoln Park, NJ); 2 x IO6 HeLa cells

in a monolayer using 6-well multiplates (model 3506; Costar, Cambridge, MA)
were used for the HeLa cell experiments. Human '-5I-labeled a-ANP (specific

activity. 1000 Ci/mmol) was added to make a final concentration of 0.7 to 400

PMand incubated at room temperature for 1 h; 100 nM human ANP was added
to determine nonspecific binding. The incubation was terminated by washing
the cells at 4Â°Cwith RPMI 1640 containing 4% BSA. Cells were spun at 3000
X g for 15 min at 4Â°Cthen washed at 4Â°Cwith RPMI 1640 containing 4%

BSA. This wash was repeated 3 times. Radioactivity was determined with the
Apex automatic gamma counter (Micromedic Systems. Inc., Horsham, PA).
The data were analyzed using the LIGAND program (41).

Cyclic GMP Determination. SCLC cell lines were washed 3 times with
RPMI 1640 and resuspended in RPMI 1640 to make 2.5 X IO6 cells/ml: 2 X
10AHeLa cells were studied in monolayers using 6-well multiplates; 100 /xl of

5 imi 3-isobutyl-l-methylxanthine were added to the cell suspension to make

a final concentration of 0.5 mm and incubated for IO min. ANP was added at
concentrations of 10 PM to l U.Mand incubated for 10 min. After spinning at
1200 X g for 5 min at 4Â°C.the supernatant was removed by gentle aspiration;
1 ml of 6% (w/v) TCA was added at 4Â°C.and samples were sonicated for 30

s with an ultrasonic sonicator (Vibra cell; Sonics & Materials. Inc., Danbury,
CT). The samples were spun at 2000 X g for 15 min at 4Â°C.and the super

natant recovered and extracted with water-saturated ether 3 times. The samples

were lyophilized (Virtis Co.. Gradiner, NY) and dissolved with 500 /xl acetate
buffer (0.05 M sodium acetate, 0.01% sodium azide. pH 6.2). Aliquots were
acetylated, and 100 jxl aliquots were used for the determination of cyclic GMP
by radioimmunoassay using the I25l-labeled cyclic GMP radioimmunoassay kit

instructions (Biochemical Technologies. Inc.. Stoughton. MA). Radioactivity
was measured by the Apex automatic gamma counter.

Semiautomated MTT Assay. The effects of ANP on NCI-H82. NCI-H660,
and NCI-H1284 cell lines' growth were evaluated using MTT assays. The MTT

assay was performed as reported previously (42^14).

The cell count was determined with a hemacytometer. and cells were incu
bated in 180 u,l of growth medium for I day using 96-well multiplates (Costar

3596) before the peptide addition. Cell number used in the MTT assay was
determined for each cell line to achieve an absorbance of approximately 0.3
after the 4-day incubation. Cells were grown in same media described in cell

lines and cell culture section; 20 /xl of IOx ANP solutions were added to the
180 fil of media in each well to make a final concentration 3.3 x 10~'2-3.3 X
10~ftM.After incubation for 4 days, 100 /xg MTT were added to each well and

incubated for 4 h. The plates were centrifuged at 1000 X g for 5 min. The
supernatant was removed by gentle aspiration, and 150 /xl of 100% dimethyl
sulfoxide aliquots were added to each well to resolubilize the MTT formazan
crystals. Spectophotometric absorbance at 540 nm was determined using a
scanning multiwell spectrophotometer (Biotek Instruments. Inc.. Burlington.
VT). The MTT assays were performed in 8 replicates.

DNA Synthesis Measurement. NCI-H660 and NCI-H 1284 (1 X IO5cells/

well) were incubated overnight in 1 ml of RPMI 1640 plus 5% FBS media and
ACL4 plus 5% FBS media, respectively, in each well with or without 3.3 X
IO"7 MANP in a 24-well multiplate (Costar 3524). After a 3-h incubation with

1 /xCi ['HJthymidine. cells were washed twice with 500 u.1 of phosphate-
buffered saline at 4Â°C.Cells were then incubated for 30 min with 250 u,l of
10% TCA at 4Â°C.The TCA precipitate was resuspended in 500 u.1 of l M

NaOH. After the samples were neutralized to pH 7.O. radioactivity was deter
mined in a liquid scintillation counter (Packard Instrument Corp.. Sterling,
VA).

Materials. RPMI 1640 and ACL4 media, fetal bovine serum, and penicil
lin-streptomycin solution were obtained from GIBCO (Grand Island, NY).
Human ANP 99-126 was purchased from Bachern (Terranee, CA). Human
I25l-labeled a-ANP 99-126 was purchased from Peninsula (Belmont, CA).

PCR reagent kit was obtained from Perkin Elmer Cetus (GeneAmp, Nonvalk.
CT). pHlThymidine was purchased from Amersham (Arlington Heights, IL).
MTT and dimethyl sulfoxide were purchased from Sigma Chemical Co. (St.
Louis, MO).

RESULTS

Expression of mRNA for A Receptor. The PCR Southern blot
hybridization analyses showed the predicted 814-Base signal for the
extracellular domain and 1150-base signal for the imracellular domain
of the ANP A receptor in human kidney, HeLa cells, NCI-H82, NCI-
H660, and NCI-H 1284 (Fig. 1). In NCI-H 1284 cell line, the signal for
the intracellular domain was faint. The PCR products using ÃŸ-actin
primers showed the predicted 318-base signal of similar intensity for
cDNA products when hybridized with the radiolabeled ÃŸ-actinoligo

nucleotide, showing that there was a comparable amount of cDNA in
all reactions. Another set of primers was used for PCR amplification
of the B receptor. These primers were unable to amplify nucleic acid
from cDNA (data not shown). The RNase protection assays revealed
a 191-base protected signal for the ANP A receptor extracellular

domain in normal human kidney total RNA, HeLa cell total cellular
RNA, poly(A)+-selected RNA from HeLa cells, NCI-H82, NCI-

H660, and NCI-H 1284 SCLC cell lines (Fig. 2). The intensity of the
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Fig. I. PCR product Southern hybridization. The
PCR Southern hybridization analysis showed an
814-base signal for the extracellular domain (A ) and
a 1150-basesignal tor the intracellular domain (B)
of the ANP A receptor in the human kidney, NCI-
H82, NCI-H660, and NCI-HI284. Buffer solution
without cDNA was usedasa negative control, ÃŸ-Ac-
tin cDNA was amplified and hybridized with syn
thetic oligonucleotide probe to verify the quality of
the reverse transcribed cDNA (C).

814 bases 1150 bases

C
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Extracellular domain Intracellular domain

ÃŸ-actin

signals obtained from the SCLC cell lines was faint in the RNase
protection assay, and other nonspecific bands are evident on the au-

toradiogruph.
ANP Binding to Cancer Cell Lines. The binding sites were sat

urable for HeLa cells (Fig. 3). Scatchard plot analysis of the data from
saturable binding assays revealed that HeLa cells had a binding ca
pacity of 5.0 to 14.3 fmol natriuretic receptors/mg protein with a KÂ¿
of 140 PM. The nonspecific binding was high relative to specific
binding in experiments using SCLC cell lines. In NCI-H1284. specific

binding was 0.97 pmol/mg protein, and nonspecific binding was 0.72
pmol/mg protein at ' 25I-labeled ANP concentration 25 PM.In cell lines

NCI-H82 and NCI-H 1284, we obtained low but significant levels of

saturable binding. However, it was not of sufficient magnitude to
allow reliable computer analysis. Specifically, in the case of NCI-H82

with radiolabeled ligand alone (total binding), we bound 1.34 Â±
0.36% (mean Â±SE) of the added counts above background, which
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Fig. 2. RNase protection assays. A 191-base protected signal for ANP A receptor

extracellular domain was observed in normal human kidney total RNA, HeLa cell total
cellular RNA, poly(A)*-selected RNA from HeLa cells. NCI-HX2. NCI-H660, and NCI-
HI 284 SCLC cell lines; 20 /ig total RNA (T-RNA) was used for human kidney and HeLa
cell lanes; 5 jig polylA)'-selected RNA was used for HeLa. NCI-H82. NCI-H660. and

NCI-H 1284 lanes; 20 jig of tRNA were used as a negative control.

was significantly more than 0.89 Â±0.77% by Student's paired t test

with radiolabeled ligand plus unlabeled peptide (nonsaturable binding.
P = 0.01). With NCI-H 1284, we had total binding of 0.55 Â±0.13%

of the added counts above background, which was significantly more
than 0.46 Â±0.11% of nonsaturable binding (P = 0.01). In the case of

NCI-H82 and NCI-H 1284, this difference, although significant, rep

resented 53 Â± 16 and 48 Â± 18 cpm/ml. This was not a sufficient
number of cpm to allow computer plotting of a complete Scatchard
analysis. Therefore, although the saturable binding was significant, we
could not quantitate the exact binding parameters. In one experiment,
Scatchard plot analysis by the LIGAND program revealed 3.0 X
10~17 mol/mg protein binding sites at KÂ¿4.5 pM for NCI-H82.

ANP Stimulation of Cyclic GMP Accumulation in Cancer Cells.
Addition of increasing concentrations of ANP stimulated HeLa cells
to accumulate cyclic GMP from 0.16 pmol/ml to 12.9 pmol/ml in the
cells in a dose-dependent fashion. The concentration of ANP that
caused half-maximal stimulation (ECS()) of cyclic GMP in HeLa cells

was approximately 2 nM(Fig. 4,4). In the SCLC cell lines, increasing
doses of ANP caused cyclic GMP accumulation (Fig. 45). NCI-H82

accumulated cyclic GMP from 0.13 pmol/ml to 0.82 pmol/ml only by
addition of 0.5 ITIM3-isobutyl-l-methylxanthine and showed accumu
lation of cyclic GMP in a dose-dependent fashion at 1 X l()~x-l X
10~6 MANP concentration.

Effect of ANP on the Growth of SCLC Cells. The cyclic GMP
assays showed that the accumulation of cyclic GMP was maximal at
an ANP concentration of 1 /AM.The growth effect of ANP was mea
sured up to ANP concentrations of 3.3 /XM,which is more than 1000-
fold greater than the EC50 and 3.3-fold greater than the maximal

concentration used in cyclic GMP stimulation. The cell growth of
NCI-H 1284 was not affected by ANP addition at concentration up to
3.3 JIMadded to cells growing in ACL4 supplemented with 5% heat-
inactivated FBS (Fig. 5A ) or in serum-free ACL4 (Fig. 5D). ANP was
added also each day for 4 days to NCI-H82, NCI-H660, and NCI-
HI 284. In NCI-H82, slight growth inhibition was observed in 0.33
and 3.3 JU.M(Fig. 5ÃŸ).In NCI-H660 and NCI-H 1284, ANP did not

affect the cell growth (Fig. 5, C and D).
[3H]Thymidine Incorporation Measurements. pH|Thymidine

incorporation after ANP addition to NCI-H660 and NCI-H 1284
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Saturation curve of 1?sI-ANP binding

to HeLa cdl

Fig. 3. Saturable binding assays. Binding stud
ies revealed that HeLa cells express 5.0 to 14.3
fmol natriuretic receptors per mg protein with a Klt
of 140 PM. Bmao maximal binding capacity. 2-
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Bmax=8.3xlO M/mg protein
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1251-ANP(pM)
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showed that the [3H]thymidine incorporation did not change at an

ANP concentration of 0.33 /AM(Fig. 6).

DISCUSSION

In this report, we have documented that ANP A receptor mRNA is
present in human SCLC cell lines. The 2 sets of oligonucleotide
primers, one for the extracellular domain and the other for the intra-

cellular domain, used in the PCR Southern blot analysis were selected
because they had less than 2Q% homology with B and C receptor.
Southern blot analyses of the PCR product and RNase protection
assays revealed that HeLa cells and SCLC cell lines, NCI-H82. NCI-
H660, and NCI-HI284. express ANP A receptor mRNA. The signals
from NCI-H1284 were barely detected by RNase protection assay and

Southern blot hybridization of PCR products. We believe that these
signals are weak because small amounts of ANP A receptor mRNA are
present in the cells. The long duration of exposure of the autoradio-

graphs required to detect these weak signals also causes multiple
nonspecific bands to appear on the autoradiograph. A relatively large
1150-base pair portion of the intracellular domain was studied using

PCR of the cDNA because it contains nearly all the intracellular
portion of the ANP A receptor cDNA. The difficulties in amplifying
this large segment potentially explain why the intracellular signal was
weaker than the smaller 814-base pair extracellular signal from the
amplification products of NCI-H 1284 cDNA. An alternative hypoth
esis is that NCI-H 1284 has deletions of the intracellular portion of the

ANP A receptor. We believe that this is a less attractive explanation
because the receptor still responds to exogenous atrial natriuretic
peptide with an appropriate increase in cyclic GMP.

These weak signals for ANP A receptor mRNA are consistent with
a previous report showing that autoradiographs of gastrin releasing
peptide receptor and neuromedi n B receptor RNase protection assays
of 30 /xg of mRNA from small cell lung cancer cell lines required 5
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Effect olANP on H1284 Cell Growth
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to 14 days of exposure to detect a signal. The receptors present in the
small cell lung cancer cell lines still cause an increase in intracellular
calcium when gastrin-releasing peptide and neuromedin B are added

to small cell lung cancer cells (45).
Similar to data reported previously, we demonstrated high affinity

receptors by binding studies on HeLa cells (34, 46). In the SCLC cell

lines, saturable binding of I25l-labeled ANP was detected. However,

the amount was too low to allow accurate determination of the number
of ANP binding sites. In one experiment on NCI-H82. computer
analysis demonstrated only 3.0 x IO"'7 mol/mg protein binding sites.

In our experimental conditions with the SCLC cell lines, the principal
reason for the difficulty of the binding assays was low specific binding
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compared to high nonspecific binding. This was not due to the ligand
because good binding was found to HeLa cells. Previous attempts at
binding assays using kidney and cancer cell lines have observed
similar findings (47, 48). Mizuno et al. (47) have previously reported
unsuccessful binding assays of ANP receptor using a human adrenal
tumor cell line SW-13, even though they observed marked increase in

cyclic GMP content by ANP stimulation. Waldman et al. (48) also
observed undetectable ANP binding sites using a porcine kidney cell
line LLC-PK, cells (American Type Culture Collection CRL 1392),

even though they observed cyclic GMP production with addition of
ANP (48). These data coupled with our own data suggest that only
very small numbers of ANP receptors exist on SCLC cell lines as well
as numbers of other cells, and this cannot be quantitated by binding
assays but detected by functional assays or molecular biology tech
niques.

Kort and Koch (46) observed an EC50 of 5 nM and a 250-fold

elevation of cyclic GMP in HeLa cells after addition of up to 100 nM
ANP. We observed a similar EC50 of 2 nMand an 80-fold elevation of

cyclic GMP in HeLa cells after addition of up to l /J.MANP. The EC50
was approximately 2 nM for NCI-H660 and NCI-HI284, similar to
HeLa cells. In contrast to the HeLa cells, ANP caused a 6-fold increase
in cyclic GMP accumulation in NCI-H82, NCI-H660, and NCI-

HI 284. The accumulation of cyclic GMP in SCLC cell lines after
addition of ANP (6-fold increase) is lower than reported in cultured
normal cells (13-fold to 475-fold increase). This may be caused by the

paucity of receptors on SCLC cells. However, the cyclic GMP accu
mulation in the normal cells has no obvious correlation with the site
number on these cells (49).

In the present study, ANP did not cause growth effects on the SCLC
cells. The atrial natriuretic peptides, ANP 28, ANP 24, and isoleucine-
ANP 101-126, have been reported to inhibit the stimulation of growth

of smooth muscle cells or mesangial cells after addition of angiotensin
II. platelet derived growth factor, or serum addition at the peptide
concentrations of 5 X 10~s-l X 10~6 M(27. 29, 50). Levin and Frank

(51 ) reported that ANP and BNP added twice daily for 4 days caused
growth inhibition of rat astroglial cells. In contrast, Horiba et al. (30)
reported that adrenal zona glomerulosa cell growth was stimulated by
ANP 28 at concentrations greater than 1 X 10~12 M. Ganz et al. (28)
did not observe any effect of ANP 28 at concentrations up to 1 X IO"7

Mon glomerular mesangial cell growth stimulated by AVP. In contrast
to these studies, ANP showed no marked growth inhibition or stim
ulation at concentrations 10- to 100-fold greater than that of the EC50

of the cyclic GMP accumulation in the SCLC cell lines.
Autocrine growth stimulation of SCLC cells by GRP/bombesin has

been reported despite small number of GRP receptors. Multiple in
vestigators have reported undetectable to 2000 GRP receptors/SCLC
cell (12, 52). Despite this small number of receptors, GRP/bombesin
can stimulate the growth of SCLC cells both in vitro and in vivo (3,
53). The monoclonal antibody and GRP antagonist inhibited the
growth of SCLC both in vitro and in vivo (31 ). Therefore, GRP can
function as an autocrine growth factor of SCLC cells even if there are
few receptors on the cells.

In the present study, the potential role of ANP as an autocrine factor
in SCLC has been investigated. ANP is ectopically produced by SCLC
cells and there are functional ANP receptors on SCLC cells that
respond to exogenously added ANP with intracellular elevations of
cyclic GMP. However, we have been unable to show any obvious
effect of exogenous ANP on SCLC cell growth. These results dem
onstrate that ANP alone does not seem to alter growth of SCLC cells.
However, it still remains possible that with another factor present,
ANP could have a potentiating role. Future efforts will focus on
additional SCLC cell lines as well as the use of ANP in combination

with other agents to continue to explore the potential role of ANP in
growth regulation of SCLC.
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