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ABSTRACT

DAB@ GRP Is composed of the catalytic and transmembrane domains
ofdlphtheria toxin fused to gastrin-releasing peptide (GRP). DAB@ GRP
Is selectively targeted to, and inhibits protein synthesis in, cell lines
expressing GRP receptors. Protein synthesis in S'ET4 cells (BALB/3T3
fibroblasts transfected with the gene encoding the GRP receptor) was
inhibited by 50% in the presence of 20 @MDAB@ GRP (IC@, 20 pM).
DAB,,,, GRP did not inhibit protein synthesis in untransfected BALB/3T3
cells. A second neumpeplide-conjugated toxin, DAB@ SP, directed to
cells expressing substance P receptors, was not cytotoxic to 5'ET4 cells,
nor was DAB@ GRP cytotoxic to substance P receptor-bearIng cells.
DAB@ GRP cytotoxic effects were receptor specific and were Inhibited
either by excess GRP or anti-GRP antibody. Cytotoxicity was mediated by
passage through an acidic veside, because addition of 10 g&Mchioroquine
to the reaction Inhibited cytotoxicity. DAB@ GRP and DAB@ SP were
tested on a number of tumor cell lines. DAB@ GRP inhibited protein
synthesis in AR42J rat pancreatic acinar cells and HuTh 80 human
duodenal adenocarcinoma cells with IC@s of 65 and 200 pM, respectively.
DAB@ SP had an IC@of 9,5 @Mfor the AR42J cells and 12 nMfor the
HuTu 80 cell line. A number of small cell lung cancer cell (SCLC) lines
were tested, and the IC@ for DAB,1,, GRP ranged from 1.1 to 85 nM.
Sensitivity to DAB389GRP appeared to be based on receptor number and
receptor type (i.e., GRP or neuromedin B preferring). SCLC cells were
also sensitive to DAB,1,,SP, with IC@s ranging from 2.4 to 11.5 tiM.These
results suggest that a potential use exists for diphtheria-based fusion
toxins as therapeutic agents for treatment of SCLC and other neuropep
tide receptor-bearing cancers.

INTRODUCTION

GRP@and NMB are mammalian, bombesin-like peptides involved
in the regulation of a large number of biological activities including
exocrine secretion, smooth muscle cell contraction, neuronal firing,
and gastrointestinal hormone release. GRP and NMB also function as
autocrine growth factors on a number of normal and neoplastic
tissues, including some human SCLCs (1â€”4).The two major bomb
esin receptor subtypes bind GRP and NMB with different relative
affinities and are referred to as the GRP-R or bb2 and the NMB-R or
bbl. GRP-R and NMB-R have been identified on a number of
malignant cell types, including cell lines from SCLC, breast cancer,
prostate cancer, and colon cancer. Several bombesin analogues have
been reported to stimulate, and receptor antagonists to inhibit, the in
vitro and in vivo growth of various tumor cells (5â€”12).Analogues to
SP have been reported that inhibit the effects of GRP as well as
several other peptides. Additionally, SP derivatives have been re
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ported that inhibit in vitro growth of SCLC cells, although high
concentrations (20 p.M)were required (4, 13). One obstacle to the use
of peptide antagonists as antitumor therapies for SCLC and other lung
cancers is the large number of peptide growth factors to which these
cells will respond.

In the present study, we describe the construction and character
ization of a GRP-R-targeted, DT-based fusion protein, DAB389 GRP.
Binding specificity and mechanism of intoxication were evaluated
using BALB/3T3 cells that had been transfected with the gene encod
ing GRP-R (5'ET4 cells; Ref. 14). We then examined the cytotoxicity
profiles of DAB389 GRP and DAB389 SP (15) on several tumor cell
lines expressing GRP-R or NMB-R, including five SCLC cell lines.
The results indicate that neuropeptide-targeted fusion toxins possess
potential as receptor-specific therapeutic agents for certain malignant
diseases.

MATERIALS AND METHODS

Oligonucleotides. Oligonucleotides were synthesized on an Applied Bio
systems model 391 PCR Mate DNA synthesizer. Two complementary oligo
nucleotidesweresynthesizedthat,whenannealed,formeda linkerthaten
coded a COOH-terminal glycine extended form of GRP, GRP-Gly, and a

translational stop signal. The linker also contained a 1/2SpIt!site at the 5' end
and 1/2 Hind!!! site at the 3' end (Fig. 1) to allow for vectorial cloning.

Plasmids and Bacterial Strains. The parent plasmid for the construction
of the gene encoding DAB389GRP-Gly was pET-JV127 (16). pET-JV127
contains a fusion gene encoding the catalytic and transmembrane domains of

DT linkedto a gene encodinghumaninterleukin2. The interleukin2 portion
of the fusion gene was removed by SphI-HindIII digestion, and the GRP-Gly
linker (Fig. I) was ligated in its place to create plasmid pETDAB389GRPG.
Following transformation, plasmid DNA was prepared and sequenced to assure
that the insert was present and that correct translational frame was maintained
through the fusion junction. pETDAB389GRPG was maintained in Esche
richia coli JMlOl, and the fusion toxin was expressed in E. coli

HMS174(DE3) (Novagen). The construction, expression, and purification of
DAB389SP-Gly has been describedpreviously(15).

Expression, Purification, and Amidation of DAB@ GRP-Gly. Expres
sion of DAB389 GRP-Gly was under control of a 11 polymerase promoter and
was induced by the addition of IPTG to the growth medium. The expression
and purification of DAB389GRP-Gly from inclusion body preparations was
performed essentially as described previously for DAB389SP-Gly (15). After
purification, the fusion protein was resuspended by sonication in denaturing

buffer [7 M guanidine hydrochloride, 100 mi@iTris-HC1 (pH 8.0), 10 mi@i
EDTA, and6 mMDli'] andthendialyzedovernightat 4Â°Cagainst2 litersof
30 msi 2-(N-morpholino)ethanesulfonicacid, pH 6.0 (Sigma Chemical Co.St.
Louis, MO). Protein concentration was determined using the Pierce protein
assay reagent, and purity was assessed by electrophoresis in 12% SDS/

polyacrylamide gels followed by immunoblot analysis using anti-DT (Con
naught) and anti-GRP (Sigma) antibodies. The inactive DAB389GRP-Gly was
convertedto its active,amidatedform, DAB389GRP, by treatmentwith
peptidylglycine a-amidating monooxygenase as described previously (15).
The pellet containing amidated DAB389GRP was solubilized in 10.0 ml of
denaturing buffer and refolded by overnight dialysis against two, 1-liter
changes of refolding buffer [50 mM Tris-Cl (pH 8.0), 50 mM NaC1, 5 mM
reduced glutathione, and 1 mM oxidized glutathione]. The relative purity of

DAB389 GRP was assessed by 12% SDS-PAGE. The relative concentration of
amidated DAB389GRP was determined by RIA using anti-GRP antibody.

290

Inhibition of Protein Synthesis in Small Cell Lung Cancer Cells Induced by the
Diphtheria Toxin-related Fusion Protein DAB389 GRP'

Johanna C. vanderSpek,2 John A. Sutherland, Hulyan Zeng, James F. Battey, Robert T. Jensen, and John R. Murphy

Evans Department of Clinical Research and Department ofMedicine, Boston, Massachusetts 02118 Ii. C. v., J. A. S.. H. Z. J. R. MI, and the National Institutes on Deafness and
Other Communication Disorders fJ. B.] and Diabetes, Digestive and Kidney Diseases fR. J.J, NIH, Bethesda, Maryland 20892

D
ow

nloaded from
 http://aacrjournals.org/cancerres/article-pdf/57/2/290/2464991/cr0570020290.pdf by guest on 19 M

ay 2023



DAB;@ GRP INHIBITION OF PROTEIN SYNTHESIS IN SCLC

Val Pro Leu Pro Ala Gly Gly Gly Thr Val Leu Thr Lys Met
CA GTT CCG CTG CCG GCT GGT GOC GOT ACT GTT CTG ACT AAA ATG

GTACGT CASk GGC GAC GGC CGA CCA CCG CCA TGA CAA GAC TGA TTT TAC
1/2 SphI

Fig. I. Linker that encodes GRP-Gly-Stop. The 1/2 SphI site at the 5'
end and 1/2 HindHI site at the 3' end are underlined.

TyrProArgGlyAsnHisTrpAlaValGlyHisLeuMetGlyStopTACCCGCGTGGTAACCACTGGGCAGTTGGTCACCTGATGGGTTAATGGGCGCACCATTGGTGACCCGTCAACCAGTGGACTACCCA

1/ATT2 HiCGAAndIII

Rut. Varying dilutions of DAB389GRP were used to displace â€˜25I-labeled
GRP from anti-GRP anti-body (rabbit anti-human GRP; Accurate Chemical
and Scientific Corp. Westbury, NY). The anti-GRP antibody used only bound
the amidated form of the fusion protein. The results were compared to a
standard curve based on displacement of â€˜MI-labeledGRP by known concen
trations of GRP ranging from 1.56 to 400 fmols/tube. The reaction mixture
contained 5000â€”6000 cpm of â€˜25I-labeled GRP (DuPont NEN), a 1/125,000

dilution of anti-GRP antibody, and either a known concentration of GRP or a
dilution of DAB389GRP. The final volume was 500 pJ, and all dilutions were
performed in RIA buffer (0.05 M NaH2PO4,0.1 M NaCI, and 0.02% NaN3)
with gelatin added to 0.8%. The reaction mixture was incubated for 48 h at
4Â°C;then 500 p.1of charcoal reagent [2.0% charcoal, 0.2% dextranT-40
(Sigma)] were added to all but the control, total tube. Samples were subjected
to centrifugation at 1700 X g for 15 mm, and the supernatant fluids were
counted in a Gamma 5500 (Beckman) following standard procedures.

Cell Lines and Cytotoxicity Assays. The 5'ET4 cells were maintainedin
DMEM(BioWhittaker)supplementedwith 10%fetal FBS (Hyclone)and300
p.g/mlgeneticin (Life Technologies, Inc.). BALB/3T3 cells were maintained in
the same medium without geneticin. The SCLC cell lines, NCI-H209, NC!-
H249, NC!-H345, NCI-N4l7, NCI-H510, and the human T-cell line HUT1O2/
6TG were all maintainedin RPM! (Bio Whiuaker)supplementedwith 10%
FBS. The HuTu 80 cells were maintained in Eagle's MEM with Earle's
balanced salt solution supplemented with 10% FBS and nonessential amino
acids. The HNK1 cells [SP receptor-transfected Chinese hamster ovary cells
(CHO)]were maintainedin a-minimal essential medium(Life Technologies,
Inc.) supplemented with 10% FBS and 800 @g/mlgeneticin. The AR42J cells
were maintained in RPM! supplemented with 20% FBS. All cell culture media
were supplemented with 2 mr@iglutamine, 50 @g/mlstreptomycin, and 50
units/ml penicillin.

The various cell lines were seeded at densities of 5 X l0@cells per 96-well
V-bottomed plates (Linbro) if they were nonadherent cells, or I X l0@ cells per

well into 96-well flat-bottomed plates (Corning) if they were adherent cells.
The fusion toxins DAB389GRP, DAB389GRP-Gly, DA(EI49S)B389GRP, and
DAB389SP were serially diluted in the media used to maintain the cell lines,
such that the addition of 100-pAvolumes to the assay plates resulted in final
concentrationsrangingfrom1.0X l0@ to 1.0X 10 â€˜@M.Assayplateswere
incubated for I8 h at 37Â°Cin a 5% CO2 atmosphere. The medium was
carefully aspirated off and replaced with 200 ml of leucine-free MEM (Life
Technologies, Inc.) containing 1.0 @Ci/ml[â€˜4C]leucine (0.250 mCi/mmol;
DuPont NEN), 2 mM L-glutamine, 50 @g/mlstreptomycin, and 50 lU/nil
penicillin. In the case of suspension cell cultures, the assay plates were
centrifuged at 170 X g for 5 mm to pellet the cells prior to replacement of the

culture medium. The cell cultures were incubated for 90 mm, and the medium
was removed. Cells were lysed in 60 @l,0.4 M KOH, and total protein was
precipitated by the addition of 140 pi of 10%trichloroacetic acid. The protein
was collected on glass fiber filters using a PHD cell harvester (Cambridge
Technology,Inc., Watertown,MA) and countedusingstandardmethods.
Medium alone served as the control, and all assays were performed in quad
ruplicate.

RESULTS

The oligonucleotide linker sequence used to encode the COOH
terminal, glycine-extended form of GRP is shown in Fig. 1. Following
ligation of the linker into the SphI and HindIII sites of pET-JV127, the
resulting plasmid DNA was transformed into E. coli JMlOl. Several
recombinant clones were isolated and sequenced to assure that they
encoded DAB389 GRP-Gly. One of the recombinant clones was

selected, and purified plasmid pETDAB389GRPG was transformed
into E. coli HMS174(DE3) for subsequent expression.

E. coli HMS l74(DE3)pETDAB389GRPG was grown to an A5@ of
0.8, and expression of the fusion toxin was induced by addition of
IPTG (final concentration, 1 mM) to the growth medium. DAB389
GRP-Gly was purified from inclusion bodies essentially as described
previously (15). Fig. 2 shows the presence of DAB189 GRP-Gly in
total bacterial extracts before and after induction. There is a basal
level of DAB389 GRP-Gly expression; however, following the addi

tion of IPTG, there is a marked increase in the level of recombinant
protein produced. DAB389 GRP-Gly was found to accumulate in
inclusion body form. As shown in Fig. 2, DAB389 GRP-Gly had an
electrophoretic mobility in SDS-PAGE of Mr 43,000, which is in

excellent agreement with its calculated molecular weight of 45,000.
The purified inactive COOH-terminal, glycine-extended precursor
form was next converted to its amidated active form, DAB389 GRP,
by treatment with peptidylglycine ra-amidating monooxygenase as
described previously (15). The Mr 56,000 protein (Fig. 2A, Lane 5) is
catalase, which is a required component in the amidation reaction.

Immunoblot analysis of DAB389 GRP before and after amidation
clearly shows that anti-DT antibodies react with both the amidated

and unamidated form (Fig. 2B), whereas anti-GRP antibodies only
react with DAB389 GRP and not the Gly-extended precursor form. An
RIA was performed to determine the concentration of DAB389 GRP
present after the amidation. The RIA is based on competition between
DAB389 GRP and â€˜25I-labeledGRP for binding to an anti-GRP
antibody. The conversion reaction from the inactive precursor,

1 2 3 4 5 1 2 3 4

BA
Fig. 2. SDS-PAGE and Immunoblot of DAB389 GRP-Gly and DAB359 GRP. A. 12%

SDS-polyacrylamide denaturing gel stained with Coomassie Blue. Lane 1. molecular
weight standards (in thousands); Lane 2, E. coli HMS174(DE3) extract before induction
with IPTO; Lane 3. HMS174(DE3) extract after induction with IPTG; Lane 4, purified
inclusion body preparation of DAB389 GRP-Gly; Lane 5. DAB389 GRP after amidation
(the Mr56,500 protein is catalase, which is used in the amidation reaction). B, immunoblot
analysis of DAB389 GRP before and after amidation. Lane 1. purified inclusion body
preparation of DAB389GRP-Gly using anti-DT antibody; Lane 2, DAB389GRP after
amidation, using anti-DT antibody; Lane 3, inclusion body preparation DAB@59GRP-Gly
using anti-GRP antibody, which required an amide group for recognition; Lane 4. DAB389
GRP, after amidation, using anti-GRP antibody. The anti-GRP antibody only bound the
amidated form of the fusion toxin.
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Table I Sensitivity of various eukarvotic cell lines to DAB3@GRP and DAB389SPThe
values reported represent concentrations that inhibited 50% of proteinsynthesis.Cell

line Type DAB389 GRP DAB389SP5'ET4

GRP-R-transfected BALB/3T3 20.0 @M >40.0nMBALB/3T3
Untransfected control > 100.0nsiNTâ€•HNKI
SP-R-transfectedCHO >100.0n@,i 14.0@MAR42J
Rat pancreatic acinar 65.0 @M 9.5@MHuTu

80 Humanduodenaladenocarcinoma 200.0 @M 12.0ntiHUT1O2/6TG
Human T cell > 100.0ns@ >40.0nMa

NT,nottested;CHO,chinesehamsterovary.

DAB389GRP
concentrationInhibitorIncubation time (h)

18%

of control
[â€˜4C]leucine
incorporation

100100pM1844100

@M1 zg of GRPantibody18100100pM100nMGRP1839lOnM235lOnMl@MGRP293100

@M10 @.LMchloroquine1878

DAB3@GRP INHIBITIONOF PROTEINSYNTHESISIN SCLC

constructed. Following expression and purification, DA(E149S)B389
GRP was found to have an IC50 > 10 n@i(data not shown).

We next examined the effect of DAB389 GRP on 5'ET4 cells in the
presence and absence of various inhibitors (Table 2). The addition of
either anti-GRP antibody or excess GRP to the reaction mixture was
found to block the cytotoxic action of DAB389 GRP for 5'ET4 cells.
The inhibitory effect of GRP was evident upon incubation with
DAB389 GRP for 2 h but not with the 18-h incubation. It is likely that
initially the GRP was available to bind the GRP receptor, but it
degraded over time. Because the GRP was no longer available for
binding, competition no longer occurred. The addition of chloroquine,
which prevents endosomal acidification, was also found to inhibit the
cytotoxic effects of the fusion toxin.

Table 1 shows the sensitivity of various eukaryotic cell lines to
DAB389 GRP and DAB389 SP. HuTu 80 and AR42J, which are
reported to bear both GRP-R and SP-R, were found to be sensitive to
DAB389 GRP and DAB389 SP. In contrast, HNK1 cells, which only
express SP-R, were sensitive to DAB389 SP but not DAB389 GRP. In
an analogous fashion, 5'ET4 cells were sensitive to DAB389 GRP but
not DAB389 SP. We could, therefore, detect no cross-over binding
between the GRP-R- and SP-R-directed fusion toxins. The HUTIO2/
6TG human transformed T-cell line was not sensitive to DAB389
GRP, and as shown previously, they were also not sensitive to
DAB389 SP (15).

The cytotoxic effects of DAB389 GRP and DAB389 SP were also

evaluated on a panel of SCLC cells (Table 3). In this instance, the
cytotoxic effects of DAB389 GRP appear to be based on the presence

of either GRP-R or NMB-R receptors. DAB389 GRP was even cyto
toxic to cell lines with low receptor numbers, such as NCI-N417. No
GRP-R mRNA was detected by an RNase protection assay in NC!
417, although low numbers of GRP-R must exist because bombesin
caused stimulation of c-myc and c-N-ras in these cells (2, 5, 18, 19).

10.12 10.11 10.10 iO-9 10.8 iO@7 10-6

100

C
0

@ 800a
0
C)

@ ::

@ 20

0
1@

FusionToxin(M)

Fig. 3. Effects of DAB389 GRP (X), DAB389 GRP-Gly (0), and DAB389 SP (@) on

[â€˜4C]leucineincorporation into GRP receptor-bearing 5'ET4 cells.

DAB389 GRP-Gly, to the amidated DAB389 GRP is not 100%. There
fore, the final product is a mixture of inactive and active amidated
product. The RIA is used to determine the amount of amidated
product only, because the unamidated product, as well as any steri
cally hindered amidated product, will not displace â€˜25I..labeledGRP in
the RIA. DAB389 GRP displaced binding of â€˜251-labeledGRP to
anti-GRP antibody, whereas the unamidated DAB389 GRP-Gly did
not (data not shown). Studies were also performed in which DAB389
GRP preparations were tested for displacement of â€˜251-labeledGRP
from cells that express GRP receptors. Similar results were obtained
for the concentration of DAB389 GRP as determined by RIA (results
not shown).

The biological activity of DAB389 GRP was next tested on GRP
R-bearing 5'ET4 cells to determine the potency and mechanism of
action of this fusion toxin. 5'ET4 cells are BALB/3T3 mouse fibro
blasts that have been stably transfected with the gene encoding the
murine GRP-R (14). As shown in Fig. 3, the IC50 of DAB389 GRP on
S'ET4 cells was 20 pM. In marked contrast, DAB389 GRP-Gly was
essentially nontoxic, even at concentrations greater than 100 nM. The
cytotoxic potency of DAB389 SP, a DT-based fusion toxin targeted to
cells bearing SP receptors (15), was also tested on 5'ET4 cells. In this
instance, the IC50 was greater than 40 nrvi, which was the highest
concentration tested (Fig. 3; Table 1).

DAB389 GRP was next tested on BALB/3T3 cells that had not been
transfected with the gene encoding GRP-R. Even at concentrations
greater than 100 nrvi,an IC50 was not attained. These results demon
strate that the DAB389 GRP-mediated inhibition of protein synthesis
in 5'ET4 cells was receptor specific. As anticipated, DAB389 GRP
Gly was noncytotoxic for BALB/3T3 cells (Fig. 4; Table 1).

To demonstrate that the DAB389 GRP-mediated inhibition of pro
tein synthesis was due to the ADP-ribosylation of elongation factor 2,
the structural gene encoding the ADP-ribosyltransferase defective
mutant (17) form of the fusion toxin, DA(E149S)B389 GRP, was

@ I I I

100

C
0

@ 80
a
0
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C

@ 60

8,
-@

@ 40

0

@ 20

0
10h1 10.10 iO.9 10.8 iO-7 10.6

Fusion Toxin (M)

Fig. 4. Effects of DAB389 GRP (X) and DAB389 GRP-Gly (0) on l'4Clleucine
incorporation into GRP receptor-negative BALB/3T3 cells.

Table 2 Sensitivity of S'ET4 cells to DAB389 GRP in the presence and
absence of inhibitors
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Table 3 DAB389GRP and DAB389SP concentrations (nM)that inhibited 50% of the protein synthesis in the indicated SCLC celllinesThe
relative amounts of mRNAs encoding GRP-Rs and NMB-Rs are indicated for some of the cell lines (5). The cell line NCI-H249 was not tested for GRP-R mRNA in thesamestudy

but has been reported to possess a similar number of bombesin receptors to NCI-H345(24).Cell

line GRP-RmRNA NMB-RmRNA DAB389GRP DAB389SPNCI-H209
a + + 54.54.8NCI-H249

7.03.0NCI-H345
+ + + + I.12.4NCI-N4l7
â€” â€” 10.02.4NCI-H5

10 trace + 85.0 11.5a

@ and++, relativesignalstrengthsbasedonautoradiogramresults.

DAB3@,GRP INHIBITION OF PROTEIN SYNTHESIS IN SCLC

DAB389 SP was also cytotoxic for these cell lines, indicating that the
fusion toxin was binding to SP-R and was internalized into these
malignant cells.

DISCUSSION

Bombesin/GRP is produced and used as an autocrine growth factor
by most SCLC cells and many tumors. The monoclonal antibody
2A11, which is directed against bombesinlGRP, inhibits SCLC cell
growth in vitro and in vivo. In addition, analogues of bombesin have

been synthesized and shown to inhibit the growth of SCLC cells in
vitro and in vivo, as well as the growth of breast cancer cell lines and
colon and prostate cancer xenografts (6, 8, 9, 11, 12). One of the
deterrents to treatment of SCLC with bombesin/GRP analogues is that
the cells often respond with increased growth to a number of other
neuropeptides (13). SP antagonists have been reported that inhibit
SCLC cell calcium response to bombesin, as well as other neuropep
tides. Some SCLC cells that were responsive to peptide-induced
growth were growth inhibited by SP analogues (20).

A more direct approach to the elimination of SCLC cells might be
to directly target fusion protein toxins to neuropeptide receptors
present on the cell surface. In this study, we have examined the
specificity and mechanism of intoxication of the DT-based fusion
toxin DAB389 GRP on 5'ET4 cells. We have also examined the effects
of DAB389 GRP and DAB389 SP on a number of cell lines, including

a SCLC cell panel, to assess their potential as therapeutic agents.
DAB389 GRP was found to be highly toxic toward the GRP-R

bearing 5'ET4 cells, with an IC50 of 20 pM. The cytotoxic effects were
receptor specific, because DAB389GRP was not cytotoxic to BALB/
3T3 cells that do not contain GRP-R. In addition, the unamidated
precursor form of the fusion toxin, DAB389 GRP-Gly, which would
possess a lower binding affinity for the GRP-R, was not cytotoxic to
5'ET4 cells (21). Finally, the cytotoxic action of DAB389 GRP was
blocked by either the addition of excess GRP or anti-GRP antibody to
the reaction mixture.

Because the action of DAB389 GRP was blocked by the addition of
chioroquine to the assay mixture, we conclude that the fusion toxin is
internalized and must pass through an acidic compartment to facilitate

the delivery of its catalytic domain to the cytosol of target cells.
Moreover, because the ADP-ribosyltransferase defective mutant,
DA(E149S)B389 GRP@was nontoxic for 5'ET4 cells, we conclude that
the DAB389 GRP-mediated inhibition of protein synthesis results from
the ADP-ribosylation of elongation factor 2.

There are two lines of evidence that suggest that there is little, if
any, cross-over binding between the SP and GRP DAB analogues.
DAB389 SP did not inhibit protein synthesis in GRP-R-bearing 5'ET4
cells in vitro. In addition, DAB389 GRP was not active against the
SP-R positive HNK1 cells. These findings are in contradiction to the
finding that some SP antagonists inhibit the effects of bombesin (20).
Although the present study does not directly address this issue, it is
apparent that the GRP-R- and SP-R-directed fusion toxins are cyto
toxic only to those cells that express their respective, specific target

receptor. Whether or not the action of these fusion toxins can be
blocked with various neuropeptide analogues is the subject of future
studies.

The panel of SCLC cells that were tested with DAB389 GRP and

DAB389 SP differed in their relative sensitivity to these two fusion
toxins (Table 3). It is of interest to note that NCI-H209 cells were
sensitive to DAB389 GRP, with an IC50 of 54.5 n@i,despite the report
that it does not possess GRP-R mRNA. This cell line does, however,
possess mRNA encoding NMB-R, and it is likely that the cytotoxic
effects of DAB389 GRP are mediated through the NMB-R. SCLC cell
lines NCI-H249 and NCI-H345, which are reported to possess similar
numbers of GRP receptors (about 1500/cell; Refs. 2 and 12) were
sensitive to DAB389 GRP with an IC50 of 7.0 and 1.1 n@i,respectively.
It is of interest to note that this degree of in vitro sensitivity for the
NCI-H345 cells is 1000-fold lower than that reported for bombesin
analogues to inhibit colony formation (12). The NCI-N4l7 cells were
also sensitive to DAB389 GRP. NCI-N417 cells have been reported to
possess no mRNAs encoding GRP-R or NMB-R, whereas in other
studies, they have been reported to bind [â€˜25I-Tyr4]bombesin, and
bombesin has been reported to cause increased expression of c-myc
and c-N-ras in these cells (2, 5, 18, 19). Our findings indicate that not
only does the line NCI-N4l7 cell line possess receptors that bind
DAB389 GRP, but that these receptors are internalized by receptor
mediated endocytosis. Perhaps NCI-N417 cells express an as yet
undescnbed bombesin receptor that can bind GRP with high affinity.
The SCLC cell line NCI-H5l0 was the least sensitive to the action of
DAB389 GRP. This observation is consistent with the fact that NC!-
H5 10 cells have been reported to possess a small amount of mRNA

encoding NMB-R and trace amounts of the GRP-R (5). DAB389 SP
was also cytotoxic to the various SCLC cell lines, indicating that these
cell lines possess receptors for SP and that they are processed by
receptor-mediated endocytosis. The HUT1O2/6TG cells were resistant
to DAB389 GRP and DAB389 SP, indicating that these cells do not

possess receptors for GRP and SP.
This report demonstrates that DAB389 GRP and DAB389 SP have

the potential to be developed as experimental therapeutic agents for
the treatment of some SCLCs. Preclinical studies with the related
DT-based fusion toxin DAB389 EGF also suggest that tumor cells may
be more sensitive to the fusion toxin than normal resting cells (22, 23).
Because both fusion toxins were also cytotoxic to AR42J cells and
HuTu 80 cells, their potential use as experimental therapeutic agents
may not be limited to SCLC. GRP-R have also been reported to be
present on breast, colon, and prostate cancer cell lines. Preliminary
work indicates that DAB389 GRP is highly active against PC-3 pros
tate cancer cells,4 and that DAB389 SP is effective in killing the human
chronic myelogenous leukemia cell line, IM-9 (15).

4 i. C. vanderSpek, unpublished observation.
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