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Abstract—A complementary DN A clone encoding human pre-pro gastrin-releasing peptide, a
27-amino acid neuropeptide and putative growth factor, was used to determine the chromo-
somal location of this gene. Southern blot hybridization to genomic DNA isolated from a
panel of human-rodent somatic cell hybrids unambiguously maps this gene to human
chromosome 18. In situ chromosomal hybridization confirms the hybrid data and further
localized the gene to chromosome band 18q21. Karyotypic abnormalities in tumors and
inherited disease states which involve chromosome band 18421 may now be studied for
correlated changes in the structure and expression of the human GRP gene.

INTRODUCTION

Gastrin-releasing peptide (GRP), a 27-
amino acid neuropeptide, is a mammalian
homolog of the amphibian tetradecapeptide
bombesin (1). The carboxy terminal 14-amino
acid residues of mammalian GRP are very
similar to amphibian bombesin, particularly
the terminal heptapeptide which appears to be
the biologically active region of the molecule
that is critical for binding to receptors (2).
Bombesin/GRP has been detected in mam-
malian brain (3) and also in peripheral nerve
cells of the gut (4), where it is known to
stimulate the release of gastrin from G cells in
the gastric mucosa in dogs and humans. In
addition, bombesin/GRP has been detected in
the pulmonary endocrine cells of normal bron-
chial epithelium (5), as well as in lung carci-
noid tumors (6, 7) and human small-cell lung
cancer (SCLC) (8,9, 10).

Under certain circumstances, GRP can
stimulate the growth of human SCLC cell

lines (11, 12), normal human bronchial epi-
thelial cells (13), and mouse Swiss 3T3 cells
(14), where its growth-promoting properties
appear to be mediated by a cell-surface recep-
tor (15). GRP is both synthesized and
secreted by some SCLC cell lines and can also
stimulate cell growth, indicating this neuro-
peptide may function as an autocrine growth
factor that contributes to the transformed
growth properties of SCLC (12).

c¢cDNA clones encoding GRP have
recently been obtained from human pulmo-
nary carcinoid (16) and SCLC cDNA
libraries (17). Analysis of these clones
revealed a pre-pro GRP translation product
consisting of a signal sequence, the predicted
27-amino acid GRP neuropeptide, and a novel
GRP-associated peptide representing the car-
boxy portion of the translational reading
frame encoding GRP (16, 17). Two types of
pre-pro GRP ¢cDNA clones were observed in
pulmonary carcinoid tissue, which differ only
in the GRP-associated peptide coding region
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(18). In addition to these two forms, a third
version of pre-pro GRP cDNA, also differing
in the GRP-associated peptide coding region,
was observed in SCLC c¢cDNA clones (17).
Comparison of the sequence of these cDNA
clones with a genomic clone containing the
human pre-pro GRP gene shows that the three
forms of pre-pro GRP transcripts are synthe-
sized from a single gene into a primary tran-
script which is alternatively processed at two
splice donor and two splice acceptor sites (17).
At least four peptide hormones (GRP and the
three differing GRP-associated peptides)
could be generated from a single human GRP
gene by alternative RNA splicing and post-
translational processing.

Naylor et al. (20) localized the human
GRP gene to chromosome 18 using restriction
fragment mapping to genomic DNA from
somatic cell hybrids. In this paper, we corrob-
orate this observation by localizing the human
pre-pro GRP gene to chromosome 18 by ana-
lyzing a panel of 48 rodent-human somatic
cell hybrid lines in genomic DNA blotting
experiments. In situ chromosomal hybridiza-
tion confirms localization to chromosome 18,
and further maps the GRP gene to 18q21.

MATERIALS AND METHODS

Hybrid Cell Lines. A panel of somatic
cell hybrid cell lines was generated by poly-
ethylene glycol fusion of human fibroblast cell
lines and either mouse or hamster fibroblast
cell lines. The human chromosomes present in
each hybrid cell line were determined from
analysis of isoenzyme markers previously
assigned to each human chromosome (19).

DNA Isolation, Restriction Endonu-
clease Digestion, and Southern Blotting
Hybridization. Genomic DNA samples were
prepared from cell lines according to the pro-
cedure of Polsky et al. (21). Restriction
enzyme digestions were carried out using
BamHI (mouse human hybrids) and HindIT1

(hamster human hybrids) as recommended by
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the supplier. Digested DNA samples were size
fractionated on 0.7% agarose gels and trans-
ferred to nylon membranes. Hybridization
was performed in 40% formamide, 0.75 M
NaCl, 0.075 M Na citrate, 20 mM Tris, pH
7.5, 20 pg/ml herring sperm DNA, 1x Den-
hardt’s, and 10% dextran sulfate, for 16 h at
42°C. The probe was a 0.9-kb near-full-length
GRP cDNA fragment prepared from a
pBR322 subclone (17) and labeled by nick
translation to a specific activity of about 2 x
10® cpm **P/ug. Blots were washed at room
temperature in 2x SSC, 0.1% SDS, and
finally in 0.1x SSC, 0.1% SDS at 55°C. The
washed blots were exposed to Kodak XAR-5
film for three to seven days at —70°C using
Dupont Cronex intensifying screens.

In Situ Hybridization to Chromo-
somes. A pBR322-derived plasmid contain-
ing a 0.9-kb GRP ¢cDNA fragment cloned into
the EcoRI site was nick-translated with
[*H]dNTPs to a specific activity >1 x 10’
cpm/ug and used for in situ hybridizations.
Conditions for hybridization, washing, and
autoradiography of chromosome spreads are
essentially those of Harper and Saunders
(22), as modified by Kirsch et al. (23), with
additional modifications at the time of probe
application to the slides as described by Zabel
et al. (24).

RESULTS

Previous genomic blotting experiments
showed that the human GRP ¢cDNA probe
hybridizes to three HindIII fragments [11.0
kb (weakly), 4.6 kb, and 2.9 kb (17)] and to
three BamHI fragments [14.5 kb, 11.0 kb,
and 2.7 kb (Lebacg-Verheyden, unpub-
lished)] in human genomic DNA. Preliminary
cross-species Southern blotting experiments
using mouse DNA showed two hybridizing
BamHI fragments (8.3 kb and 6.0 kb). Simi-
lar experiments performed with hamster
genomic DNA identified two HindIII frag-
ments (4.2 kb and 1.0 kb) hybridizing to the
human GRP c¢cDNA probe. Thus, species-
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Fig. 1. Southern blots of rodent~human somatic cell hybrid genomic DNA using a human GRP ¢cDNA probe. (A)
Genomic DNA from 13 representative hamster—human hybrid cell lines is digested with HindIII and blotted. The
human GRP probe reveals the presence (A-E) or absence (F-M) of human GRP sequences. Control lanes indicate the
positions of hamster (Ha; 4.2 and 1.0 kb) and human (Hu; 11.0, 4.6, and 2.9 kb) GRP genomic HindIII fragments.
Molecular weight markers are lambda digested with HindIIl. (B) Genomic DNA from 14 representative mouse—
human hybrids is digested with BamHI and blotted. Control lanes indicate the positions of mouse (Mo; 8.3 and 6.0 kb)
and human (Hu; 14.5, 11.0 and 2.7 kb) genomic DNA fragments hybridizing to the human GRP ¢DNA probe. The
presence (A, E, H, K, M, N) or absence (B, C, D, F, G, I, J, L) of human GRP sequences in these hybrids is

unambiguously determined.

specific fragments homologous to the GRP
probe can be readily identified on a HindIlI
digest of hamster~human hybrid cell genomic
DNA, and a BamHI digest of mouse—human
hybrid cell DNA. A representative autoradio-
gram showing HindIII-digested genomic
DNA from 13 hamster-human hybrids (A—
M) is shown in Fig. 1 (top). Hybrids A~E
clearly contain the human GRP gene, while
F-M do not. Similarly, Fig. 1 (bottom) shows

BamHI digests of 14 representative mouse—
human hybrid genomic DNAs. In this case A,
E, H, K, M, and N all show human GRP gene
fragments, while the others do not.

This analysis was extended to include 48
total rodent—-human hybrid cell lines, and the
number of cell lines discordant for each
human chromosomeé and the human GRP
fragments was determined (Table 1). The
discordance is high between all human chro-
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Table 1. Number of Somatic Cell Hybrid Lines
Showing Discordance between Each Human
Chromosome and Human GRP Genomic Fragments

Chromosome Discordance
1p 24/48
Iq 22/48
2p 25/48
2q 22/48
3 22/48
4 26/48
5 24/48
6p 26/48
6q 20/48
7 22/48
8 19/48
9 23/48

10 28/48
11p 19/48
11q 21/48
12p 22/48
129 20/48
13 15/48
14 14/48
15 22/48
16p 19/48
16q 14/48
17 18/48
18* 2/48*
19 24/48
20 23/48
21 20/48
22 27/48
X 14/48

mosomes (>14/48) and human GRP, except
chromosome 18 (2/48). In fact, the two
hybrid cell lines that appear to show segrega-
tion discordance between chromosome 18 and
human GRP can be reconciled, and the results
provide a basis for regional localization of
GRP on' this chromosome. Both lines are
scored as discordant because they show
human GRP but are negative for the isoen-
zyme marker on chromosome 18 (peptidase
A). The peptidase A gene (PEP-A) is located
at 18923 (near the telomere on the q arm)
(25), while another human gene, BCL-2, has
been localized at 18q21 (26, 27). Two other
sequences present on chromosome 18 are a
1-kb EcoRI fragment (Mt-1 kb) hybridizing
with metallothionein probes and a previously
described processed A immunoglobulin pseu-
dogene (YA-1) (McBride, unpublished re-
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sults). One of the discordant hybrids retains
BCL-2, y\-1, and GRP but lacks PEP-A and
Mt-1 kb. Another nondiscordant hybrid, and
five of its subclones, lack PEP-A, Mt-1 kb,
and GRP but retain BCL-2 and yA-1. These
results indicate that GRP is located on chro-
mosome 18 between bands q21 and q23 and
that it is flanked distally by peptidase A and
Mt-1 kb and proximally by BCL-2 and yA-1.
The other apparent discordancy resulted from
differing sensitivities for the detection of
PEP-A protein and molecular hybridization;
GRP and yA-1 were both detected very weakly
and PEP-A4 was not detected.

In situ hybridization to human chromo-
somes using a °H-labeled nick-translated
GRP probe was performed to corroborate and
further define the map assignment. Figure 2 is
a histogram summarizing the positions of 262
autoradiographic grains over specific chromo-
somal bands in 181 independent chromosome
spreads. In this analysis 14 grains (5.3%) were
located on chromosome 18 at band q21. This
confirms and extends the somatic cell hybrid
data presented earlier.

DISCUSSION

Chromosomal rearrangement of genes
encoding growth factors, growth-factor recep-
tors, and oncogenes are frequently observed in
tumors and derived cell lines. These rear-
rangements can change the structure or regu-
lation of adjacent genes, contributing to the
altered growth properties of tumor cells. With
this in mind, it is of interest to note that
chromosome band 18q21 is the position of a
common translocation in B-cell lymphomas
[t(14932; 18q21)] (26, 27). This translocation
is correlated with expression of a 4.0-kb and
6.5-kb mRNA from an adjacent gene, BCL-2,
which is therefore implicated in B lymphoma-
genesis or tumor progression (26, 27). Both
human GRP and BCL-2 are localized to the
chromosome band 18g21. Without a more
detailed linkage study, the distance between
these two loci remains uncertain. Perhaps the
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Fig. 2. Histogram of grain distribution from in situ chromosome hybridization of GRP cDNA probe. A *H-labeled
GRP ¢DNA plasmid is hybridized to 181 normal male metaphase chromosome spreads, washed, and autoradiographed
as described previously {Kirsch et al. (23)]. The data are analyzed by tabulating the positions of grains on chromosomal
bands and summarized in a histogram showing the number of grains detected over each band. The total number of
grains counted was 262, and 14 were mapped to 18921 (5.3%). The statistical significance of the peak at 18q21 is P »
0.05. Large numbers under the histogram indicate chromosome number, and small numbers show the bands on each
chromosome. The letters p and q designate two arms of each chromosome.

human GRP gene which encodes a peptide
hormone with growth modulating properties
in SCLC and Swiss 3T3 fibroblasts might also
be transcriptionally activated by this or other
similar rearrangements.
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