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1. Introduction

ABSTRACT

The orphan receptor, bombesin receptor subtype-3(BRS-3) is a G-protein-coupled receptor classified in
the bombesin (Bn) receptor family because of its high homology (47-51%) with other members of this
family [gastrin-releasing peptide receptor [GRPR] and neuromedin B receptor [NMBR]]. There is increas-
ing interest in BRS-3, because primarily from receptor knockout studies, it seems important in energy
metabolism, glucose control, insulin secretion, motility and tumor growth. Pharmacological tools to study
the role of BRS-3 in physiology/pathophysiology are limited because the natural ligand is unknown and
BRS-3 has low affinity for all naturally occurring Bn-related peptides. However, a few years ago a syn-
thetic high-affinity agonist [pTyr® BAla'!,Phe’3,Nle’4|Bn-(6-14) was described but was nonselective for
BRS-3 over other Bn receptors. Based on this peptide, in various studies a number of putative selective,
high-potency hBRS-3 agonists were described, however the results on their selectivity are conflicting
in a number of cases. The purpose of the present study was to thoroughly study the pharmacology of
four of the most select/potent putative hBRS-3 agonists (#2-4, 16a). Each was studied in multiple well-
characterized Bn receptor-transfected cells and native Bn receptor bearing cells, using binding studies,
alterations in cellular signaling (PLC, PKD) and changes in cellular function(growth). Two peptides (#2,
#3) had nM affinities/potencies for hBRS-3, peptide #4 had low affinity/potency, and peptide #16a very
low (>3000 nM). Peptide#3 had the highest selectivity for hBRS-3 (100-fold), whereas #2, 4 had lower
selectivity. Peptide #16a’s selectivity could not be determined because of its low affinity/potencies for all
hBn receptors. These results show that peptide #3 is the preferred hBRS-3 agonist for studies at present,
although its selectivity of only 100-fold may limit its utility in some cases. This study underscores the
importance of full pharmacological characterization of newly reported selective agonists.

Published by Elsevier Inc.

3 is receiving increased attention [6,11,56] because its targeted
disruption leads to obesity, diabetes and hypertension [19,31].

Bombesin receptor subtype-3 (BRS-3) is an orphan G-protein-
coupled receptor, but because of its 51% and 47% amino acid
homology with the human bombesin (Bn) receptors [gastrin-
releasing peptide receptor (GRPR) and neuromedin B receptor
(NMBR)], it is classified in the bombesin (Bn) receptor family [7,15].
BRS-3 is widespread found in both the central nervous system
and peripheral tissues [7,15,31,32,39], but its role in either normal
physiology or pathological conditions is largely unknown. BRS-
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More recent studies demonstrate BRS-3 receptors are present on
pancreatic islets [8] and BRS-3 knockout animals have altered
plasma insulin levels and altered glucose transporter 4 function
[28,30]. Furthermore, from target receptor deletion (knockout) and
expression studies, it has been reported that the BRS-3-receptor
is frequently over-expressed by various tumors [7,18,34,40], its
presence plays a role in tumor invasiveness [13,15,18,57], a role
in lung development, bronchial epithelial cell proliferation and
lung injury [15,41-43,53], a role in taste preference [63], social
response/anxiety [61,62], and may play an important role in regu-
lating gastrointestinal motility [32].

Except for information from receptor knockout studies, little
is known about BRS-3’s role in normal physiology or pathophys-
iology because the natural ligand remains unknown, which has
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Table 1
Peptide number and structure of peptides studied.
Peptide name/number STRUCTURE
16a Phenylacetyl-Ala, DTrp-phenthylamide
1 [DTyr®,BAla'! ,Phe'3 ,Nle'4|Bn(6-14)
2 [DTyrS,(R)-Apa'l,Phe'3 Nle'|Bn(6-14)
3 [DTyrS,(R)-Apa'!-4Cl,Phe'?, Nle'4]Bn(6-14)
4 Ac-Phe, Trp, Ala, His(tBzl), Nip, Gly, Arg-NH,
GRP(14-27) Met, Tyr, Pro, Arg, Gly, Asn, His, Trp, Ala, Val, Gly, His, Leu, Met-NH,
NMB pGlu, Leu,Trp, Ala,Thr, Gly, His, Phe, Met-NH,
Bn pGluy, Gln, Arg, Leu, Gly, Asn, Gln, Trp, Ala, Val, Gly, His, Leu, Met-NH;

Peptide 16a was reported in 2003 as 16a [54]; peptide #1 was described in 1997 [27]; peptide 2 was reported in 2001 as compound #14 in [25]; peptide #3 was originally
reported in 2004 as compound #7 in [24]; and peptide #4 was reported as compound #34 in 2005 [5].
Abbreviations: BAla, BAlanine; Nle, norleucine; Apa, 3-amino,propionic acid; Apa-4Cl, 4-chloro,3-amino,propionic acid; His(tBzl), histidine(tBenzl); Ac, acetyl; Nip, piperidine-

3 carboxylic acid; pGlu, pyroglutamic acid.

limited the development of selective agonists or antagonist that
can be used for physiological/pharmacological studies. Further-
more, studies demonstrate the BRS-3 receptor has low affinity
for all occurring natural Bn-related peptides as well as most syn-
thetic bombesin-family member analogs [15,27] with NMB and
GRP only interacting with BRS-3 in the micromolar concentrations
[7,15,27]. However, it has been possible to perform some phar-
macological studies subsequently, because recently a synthetic Bn
analog [pTyr® BAla'! Phe!3,Nle!4|Bn(6-14) [peptide #1, Table 1]
was discovered to have high affinity for both human [15,27,33] and
monkey [39] BRS-3 receptors. Unfortunately, subsequent studies
demonstrated that this synthetic Bn peptide was a universal ago-
nist for most Bn receptors, having a unique pharmacology because
it had high affinity not only for human/monkey BRS-3 receptors, but
also for human GRPR and NMBR as well as GRPR and NMBR in most
species and the frog BB4 receptor [7,15,33]. Subsequent studies
using this synthetic Bn analog or its bPhe®-derivative demonstrated
hBRS-3 activation, stimulated of phospholipase C, phospholipase
D and tyrosine kinase cascades, but did not stimulate adenylate
cyclase activation [15,37].

Because receptor knockout studies have demonstrated the
potential importance of BRS-3 in a number of physiological
and pathological processes, recently a number of studies have
attempted to develop BRS-3-receptor selective agonists, using
as the prototype either [DPhe® BAla'l,Phe!3 Nle'4|Bn(6-14) or
[DTyr®,BAla'!,Phe!3 Nle'4]Bn(6-14) as a starting point. In different
studies a number of peptides have been reported to have selec-
tivity with high agonist potencies for the hBRS-3 over hGRPR or
hNMBR [5,15,24-26,54,55,64]. One analog, peptide #16a (Table 1)
has received particular attention because of its reported high
potency/selectivity for hBRS-3 [54,64]. Unfortunately with a num-
ber of these putative hBRS-3 selective agonists, studies report
conflicting results with some showing high potencies/selectivity
for hBRS-3 and other not [5,9,15,24-26,54,55,64]. These conflict-
ing results are due to the fact the pharmacological characterization
of the different peptides has been very limited, frequently with
no binding studies allowing determination of receptor affinity,
reported potencies were based on a single assay usually using a cal-
cium FLIPR study. Furthermore, studies were performed in only a
single transfected cell system which was uncharacterized, no stud-
ies were performed using native Bn receptor-expressing cells and
no assessment of effect on cellular function, rather than signaling,
was performed. This confusion makes it difficult to critically assess
which of these putative hBRS-3, potent, selective agonists could be
useful for a given study.

The purpose of the present study was to address these differ-
ences, by studying the pharmacology of four of the most potent,
selective putative hBRS-3 agonists (peptides #16a, peptides #2, #3,
#4, Table 1) described. This was accomplished by studying their
interaction with each of the human Bn receptors (hBRS-3, hNMBR,
hGRPR) in multiple well-characterized transfected cells and native

receptor bearing cells. Furthermore, both binding studies as well
as assessment on difference signaling cascades and cell function
(growth) were assessed.

2. Materials and methods
2.1. Materials

The following cells and materials were obtained from the
sources indicated: BALB 3T3, HuTu-80 (human duodenal cancer
cell line), NCI-N417 and NCI-H1299 cells were from Ameri-
can Type culture Collection (ATCC) (Manassas, VA); Dulbecco’s
minimum essential medium (DMEM), phosphate-buffered saline
(PBS), Roswell Park Memorial Institute (RPMI-1640), trypsin-EDTA,
fetal bovine serum (FBS), G418 sulfate from Invitrogen (Carlsbad,
CA); Na'251 (2200 Ci/mmol) and myo-[2-3H]Inositol (20 Ci/mmol)
were from PerkinElmer (Boston, MA); formic acid, ammonium
formate, disodium tetraborate, soybean trypsin inhibitor, bac-
itracin, sodium vanadate, triton X-100, deoxycholate, Tween®
20, phenylmethylsulfonyl fluoride (PMSF), ethylene glycol tetra-
acetic acid (EGTA), ethylene diamine tetra-acetic acid (EDTA)
and sodium azide were from Sigma-Aldrich, St. Louis, MO;
1,2,4,6-tetrachloro-3a,6a-diphenylglycouril (IOD-GEN) from Pierce
Chemical Co. (Rockford, IL); AG 1-X8 resin from Bio-Rad, Rich-
mond, CA. Gastrin-releasing peptide (GRP), neuromedin B (NMB)
and [Tyr4]Bombesin ([Tyr4]Bn) were from Bachem (Torrence, CA);
protease inhibitor tablet was from Roche (Basel, Switzerland); /3
tubulin and phospho-Protein kinase D (PKD) (Ser744/748) antibod-
ies and non-fat dry milk were from Cell Signaling Technology, Inc.
(Beverly, MA) and Horseradish peroxidase (HRP)-conjugated sec-
ondary antibody (anti-rabbit) and Supersignal Western Pico/Dura
were from Thermo Scientific (Rockford, IL).

2.2. Cell culture

NCI-N417and H1299 cells were cultured in Roswell Park Memo-
rial Institute (RPMI-1640) medium containing 10% heat-inactivated
fetal bovine serum. NCI-H1299 cells stably transfected with human
BRS-3 (hBRS-3/H1299 cells) or human NMBR (hNMBR/H1299 cells)
[10,27,37] were grown in RPMI supplemented with 10% FBS and
300 mg/l of G418 sulfate. The NCI-N417 cells which contain native
hBRS-3 receptors [38] grew as floating aggregates, whereas the
NCI-H1299 cells were adherent. NCI-H1299 cells were split twice
weekly 1/5 with trypsin-EDTA. NCI-N417 cells were diluted 1/3 into
new media. Balb 3T3 cells stably expressing human BRS-3 receptor
(hBRS-3/Balb cells), human NMB receptor (hNMBR/Balb cells), or
human GRP receptors (hGRPR/Balb cells), were made as described
previously [2,10,27,38] and grown in Dulbelcco’s modified Eagle’s
cell medium (DMEM) supplemented with 300 mg/1 of G418 sulfate
and 10% FBS. HuTu 80 cells which contain native hGRP-receptors
[10], were grown in DMEM supplemented with 10% FBS. The cells
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were mycoplasma free and were used when they were in exponen-
tial growth phase after incubation at 37 °C in 5% C0O,/95% air.

2.3. Preparation of peptides

The peptides were synthesized using standard solid-phase
methods as described previously [10,26,27]. In brief, solid-phase
syntheses of peptide amides were carried out using Boc chemistry
on methylbenzhydrylamine resin (Advanced ChemTech, Louisville,
KY) followed by hydrogen fluoride-cleavage of free peptide amides
or oxime resin (Advanced ChemTech, Louisville, KY) for cleav-
age as peptide phenethylamides with phenethylamine which is
only weakly nucleophilic. The crude peptides were purified by
preparative high-performance liquid chromatography on columns
(2.5cm x 50 cm) of Vydac C18 silica (10 wm), which was eluted,
with linear gradients of acetonitrile in 0.1% (v/v) trifluoroacetic
acid. Homogeneity of the peptides was assessed by analytical
reverse-phase high-performance liquid chromatography, and the
purity was usually 97% or higher. Amino acid analysis (only amino
acids with primary amino acid groups were quantitated) gave
the expected amino acid ratios. Peptide molecular masses were
obtained by matrix-assisted laser desorption mass spectrometry
(Applied Biosystems, Foster City, CA), and all corresponded well
with calculated values.

2.4. Preparation of 12°I-[DTyr®, BAla’! Phe!3,Nle'|Bn-(6-14)

This radioligand, which has high affinity for all human Bn recep-
tor subtypes, with specific activity of 2200 Ci/mmol, was prepared
as previously described [23,27,33,38]. Briefly, 0.8 mg of IOD-GEN
solution (0.01 mg/ml in chloroform) was added to a 5ml plastic
test tube, dried under nitrogen, and washed with 100 ml of 0.5 M
potassium phosphate solution (pH 7.4). To this tube 20 ml of potas-
sium phosphate solution of (pH 7.4), 8 ug of peptide in 4 L of
water, 2 mCi (20 ml) of Na'25] were added and incubated for 6 min
at room temperature. The incubation was stopped with 300 ml of
water. The radiolabeled peptide was separated using a Sep-Pak
(Waters Associates, Milford, MA) and further purified by reverse-
phase high-performance liquid chromatography on a C18 column.
The fractions with the highest radioactivity and receptor binding
capacity were neutralized with 0.2 M Tris buffer (pH 9.5) and stored
with 0.5% bovine serum albumin (w/v) at 20°C.

2.5. Binding of 12°I-[DTyr5,BAla’!,Phe'3,Nle'4]Bn-(6-14) to
various cells

Binding studies were performed as described previous
[10,24,29]. Briefly, the standard binding buffer contained 24.5 mM
HEPES (pH 7.4), 98 mM NaCl, 6 mM KCl, 5mM MgCl,, 2.5mM
NaH,PO4, 5mM sodium pyruvate, 5 mM sodium fumarate, 0.01%
(w/v) soybean trypsin inhibitor, 1% amino acid mixture, 0.2%
(w/v) bovine serum albumin, and 0.05% (w/v) bacitracin. Hutu
80 cells (1 x 106); NCI-N417 cells (1.5 x 106); Balb 3T3 cells sta-
bly expressing hGRPR (0.3 x 106), hNMBR (0.03 x 106), or hBRS-3
(0.3 x 108); NCI-H1299 cells stably expressing hBRS-3 (0.5 x 106)
or hNMBR (0.4 x 106) were incubated with 50 pM 12°I-[DTyr®,
BAlall Phe!3 Nle'#4]|Bn-(6-14), with or without the indicated con-
centration of unlabeled peptides, at 22°C for 60 min. 2 aliquots
(100 ml) were removed and each centrifuged through 300 ml of
washing buffer (1% w/v BSA in PBS) in 400 ml microfuge tubes
at 10,000 x g for 1 min using a Beckman micro-centrifuge B. The
pellets were washed twice with washing buffer and counted for
radioactivity in a gamma counter. The nonsaturable binding was
the amount of radioactivity associated with cells in incubations
containing 50 pM radioligand (2200 Ci/mmol) and 1 uM unlabeled
ligand. Nonsaturable binding was <10% of total binding in all the

experiments. Receptor affinities were determined using the curve-
fitting program KaleidaGraph (Synergy Software).

2.6. Measurement of [H]IP

Changes in total [3H]inositol phosphates ([3H]IP) were mea-
sured as described previously [1,3,35,37]. Briefly, hBRS-3-, hGRPR-
or hNMBR-transfected Balb 3T3 cells; hBRS-3- and hNMBR-
transfected H1299 cells and HuTu 80 cells were subcultured into
24-well plates (5 x 104 cells/well) in regular propagation media
and then incubated for 24 h at 37°C in a 5% CO, atmosphere. The
cells were then incubated with 3 wCi/ml of myo-[2-3H] inositol in
growth media supplemented with 2% FBS for an additional 24 h.
Before assay, the 24-well plates were washed by incubating for
30min at 37 °C with 1 ml/well of PBS (pH 7.0) containing 20 mM
lithium chloride. The wash buffer was aspirated and replaced with
500 ml of IP assay buffer containing 135mM sodium chloride,
20 mM HEPES (pH 7.4), 2 mM calcium chloride, 1.2 mM magnesium
sulfate, 1mM EGTA, 20mM lithium chloride, 11.1 mM glucose,
0.05%BSA (w/v)and incubated with or without different concentra-
tions of the peptides studied. After 60 min of incubation at 37 °C, the
incubations were terminated by the addition of 1 ml of ice cold 1%
(v/v)hydrochloric acid in methanol. Floating cancer cells, NCI-N417
(1 x 106 cells/ml) were subcultured into a 75-cm? tissue culture
flask containing 15 ml of RPMI-160 supplemented with 2% (v/v) FBS
and 3 p.Ci/ml myo-[2-3H]inositol and incubated for 24 h at 37°C.
The cells were then washed and incubated for 10 min at 37 °C with
equivalent volume of PBS (pH 7.0) containing 20 mM lithium chlo-
ride. The cells were then re-suspended in IP assay buffer. 300 ml
of the cell suspension was added to test tubes containing the pep-
tides to be tested and incubated at 37 °C for 60 min after which the
incubation was terminated with 1 ml ice-cold HCl/methanol (1%,
v/v). Total [3H]IP was isolated by anion exchange chromatography
as described previously [1,3,35,37]. Briefly, samples were loaded
onto Dowex AG1-X8 anion exchange resin columns, washed with
5ml of distilled water to remove free [>H]Jinositol, then washed
with 2ml of 5mM disodium tetraborate/60 mM sodium formate
solution to remove [>H]glycerophosphorylinositol. Two milliliters
of 1TmM ammonium formate/100 mM formic acid solution were
added to the columns to elute total [2H]IP. Each eluate was mixed
with 10 ml of scintillation cocktail and measured for radioactivity
in a scintillation counter.

2.7. Determination of protein kinase D activation (PKD)

PKD activation was determined using Western blotting and
specific Phospho-PKD (Ser744/748) antibodies as described pre-
viously [4]. Briefly, 5x 10° cells/well, in the case of adherent
cells (hNNMBR/H1299 and Hutu-80), or 2.5 x 106 cell/ml, in that
of floating cells (NCI-N417) were subjected to starvation (culture
medium containing 0% FBS overnight or 2% FBS for 3 h, respec-
tively) before the incubation with the peptides. Whole cells lysates
were obtained from cells after 5min incubation in the absence
(control) or presence of peptide #1 or 16a (Table 1) at different
concentrations. Then cells were washed once with PBS contain-
ing 0.2mM Na3VO4 and lysed with lysis buffer (50 mM Tris/HCl
pH 7.5, 150mM NacCl, 1% Triton X-100, 1% deoxycholate, 0.1%
sodium azide, 1 mM EGTA, 0.4mM EDTA, 0.2 mM sodium ortho-
vanadate, 1 mM PMSF, and one protease inhibitor tablet per 10 ml).
After sonication, lysates were centrifuged at 10,000 x g for 15 min
at 4°C and protein concentration was measured using the Bio-
Rad protein assay reagent. Western blotting were performed as
described previously [4]. Equal amounts of protein from whole
cell lysates were subjected to SDS-PAGE using 4-20% Tris-Glycine
gels. After electrophoresis, protein was transferred to nitrocel-
lulose membranes. Membranes were blocked in blocking buffer
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Fig. 1. The ability of GRP, NMB, [DTyr% 3Ala'!,Phe'3 Nle'4|Bn(6-14) (peptide #1) and various putative BRS-3 selective agonists including peptide #16a, to inhibit binding
and to stimulate an increase in [>H]IP formation in N417 lung cancer cells natively expressing hBRS-3 or in H1299 lung cancer cells over-expressing hBRS-3. For binding
(top panel) N417 cells (1.5 x 106 cell/ml) or hBRS-3/H1299 cells (0.5 x 106 cells/ml) cells were incubated for 60 min at 22 °C with 50 pM I'2>-[pTyr6,BAla'!,Phe!3 ,Nle'4]Bn(6-
14), with or without the indicated concentrations of the various peptides added. Results are expressed as the percentage of saturable binding without unlabeled peptide
added (percent control). Bottom panel, N417 cells or hBRS-3/H1299 cells were subcultured and preincubated for 24 h at 37°C with 3 p.Ci/ml myo-[2->H]inositol. The cells
were then incubated with the ligands at the concentrations indicated for 60 min at 37°C. Values expressed are a percentage of total [*H]IP release stimulated by 1 WM
[DTyr8,BAla'!,Phe'3,Nle'#]Bn(6-14). Control and 1 wM [DTyr6,BAla'!, Phe!3,Nle'4|Bn(6-14)-stimulated values for N417 lung cancer cells were 1362 + 230 and 4952 + 405 dpm,
respectively and for H1299/BRS-3 cells were 1988 £ 220 and 10891 + 540 dpm, respectively. Results are the mean + SEM from at least four experiments, and in each experiment
the data points were determined in duplicate. Numbers refer to the peptide number in Table 1. Abbreviations: see Table 1 legend.

(50 mM Tris/HCI pH 8.0, 2mM CaCl,, 80 mM NacCl, 0.05% Tween®
20, 5% non-fat dry milk) at room temperature for 1h. Mem-
branes were then incubated with primary antibody (Phospho-PKD
(Ser744/748) or tubulin, as loading control) overnight at 4 °C under
constant agitation at antibody dilutions suggested by the anti-
body supplier. After primary antibody incubation membranes were
washed twice in blocking buffer for 4min and then incubated
with HRP-conjugated secondary antibody (anti-rabbit) for 1h at
room temperature under constant agitation. Membranes were then
washed again twice in blocking buffer for 4 min, twice in wash-
ing buffer (50 mM Tris/HCI pH 8.0, 2 mM CaCl,, 80 mM Nacl, 0.05%
Tween® 20) for 4 min, incubated for 4 min with chemiluminescense
detection reagents and finally exposed to Kodak Biomax film (XS,
XR). The intensity of the protein bands was measured using Kodak
ID Image Analysis which were assessed in the linear detection
range.

2.8. [3H]-Thymidine uptake

Balb 3T3 cells transfected with BRS-3 were trypsinized and
50,000 cells placed in 24-well plates containing DMEM with 10%
fetal bovine serum and 0.3 mg/ml G418 sulfate. After 3 days, the
confluent cells were place in DMEM containing 30nM sodium
selenite, 5 pg/ml insulin and 10 pg/ml transferrin and varying con-
centrations of Peptide #1 or 16A. After 24 h the cells were incubated
with [3H]thymidine (10% cpm/ml) for 3 h. The 24-well plates were
washed 3 times with 1 ml PBS. The cells were treated with 0.2N
HCI (0.25 ml) and the solution placed in a scintillation vial. The cells
were treated with 0.2N NaOH (0.25 ml) and the solution placed to
the scintillation vial. Then 10 ml of scintillation fluid were added to
the scintillation vial and after shaking the vial, it was counted in a
scintillation counter.

2.9. Statistical analysis

All results are expressed as mean + SEM from at least 3 experi-
ments, and results were considered significant if p <0.05. IC5¢ and
ECsq were calculated using the curve-fitting program, KaleidaGraph
(Synegy Software). The Mann-Whitney U-test was used to deter-
mine the statistical significance of differences.

3. Results

3.1. Ability of GRP, NMB, peptide #1 and various putative BRS-3
selective agonists to inhibit binding in various cells expressing
native or transfected human bombesin receptor subtypes

With the native hBRS-3 containing cell line, NCI-H417, the uni-
versal ligand (peptide #1, Table 1) had high affinity (Fig. 1, panel
A1) (IC5¢ 1.5 nM, Table 2), with the natural occurring GRPR agonist,
GRP and NMBR ligand, NMB, having very low affinities (>10,000 nM,
Table 2, Fig. 1, panel Al). The putative hBRS-3 selective ligand
#3 had a similar high affinity to the universal ligand, peptide #1,
whereas peptide #2 had a 3-fold lower affinity and peptide #4 a
157-fold lower affinity than the universal ligand, peptide #1 (Fig. 1,
panel A1; Table 2). Peptide 16a, which is reported in some studies
to be both a potent and selective hBRS-3 agonist [54,64], had low
affinity (ICsg 3162 nM) for the hBRS-3 receptor on the native NCI-
N417 cells, with its affinity being 2000-fold lower than the universal
ligand, peptide #1 (Fig. 1, panel A1; Table 2).

Similar results were obtained in the relative order of poten-
cies of these peptides with hBRS-3 over-expressed in NCI-H1299
cells (Fig. 1, panel B1; Table 2) and with hBRS-3 expressed in Balb
cells (Fig. 2, panel A1; Table 3). Specifically, in each of these cell
lines, the universal agonist (peptide #1) bound with high affin-
ity (0.85-1.6nM) and peptide #1 had 2.5-17-fold higher affinity
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Table 2

Affinities and potencies of peptides #1 to #4, #16a, GRP and NMB for hBRS-3 expressed in N417 and H1299 cells.
Peptide name/number ICso (nM) ECso (nM)

hBRS-3/N417 hBRS-3/H1299 hBRS-3/N417 hBRS-3/H1299

16a 3162+124 >10,000 >10,000 >10,000
1 1.5+0.1 0.60-+£0.03 33+0.2 0.69+0.03
2 43+0.2 29.5+23 123+0.9 10.0+0.9
3 14+0.2 10.0+£0.8 33.1+£1.9 16.6+0.8
4 250+12 572+ 63 52.5+3.2 398+21
GRP >10,000 >10,000 >10,000 >10,000
NMB >10,000 >10,000 >10,000 >10,000

Results are calculated from dose-response curves in Fig. 1 as described in Section 2. Results are expressed as the peptide concentration causing half-maximal inhibition of
binding (ICso) or the peptide concentration causing half-maximal stimulation of [*H]IP (ECsp ). Results are means = SEM from at least three experiments. Abbreviations: see

Table 1.
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Fig. 2. The ability of GRP, NMB, [DTyr% 3Ala'!,Phe'3 Nle'4|Bn(6-14) (peptide #1) and various putative BRS-3 selective agonists including peptide #16a, to inhibit binding
and to stimulate an increase in [*H]IP formation at the hGRPR, hNMBR and hBRS-3 expressed in Balb 3T3 cells. In binding (top panel) Balb 3T3 cells stably transfected
with hGRPR (0.3 x 10 cell/ml), hNMBR (0.03 x 108 cells/ml) or hBRS-3 (0.5 x 10° cells/ml) cells were incubated for 60 min at 22°C with 50 pM I'2>-[pTyr%,BAla'!,Phe’3,
Nle'4]Bn(6-14), with or without the indicated concentrations of the various peptides added. Results are expressed as the percentage of saturable binding without unlabeled
peptide added (percent control). Bottom panel, Balb 3T3 cells transfected with hGRPR, hNMBR or hBRS-3 were subcultured and preincubated for 24 h at 37 °C with 3 wCi/ml
myo-[2-3H]inositol. The cells were then incubated with the ligands at the concentrations indicated for 60 min at 37 °C. Values expressed are a percentage of total [2H]IP
release stimulated by 1 wM [DTyr® BAla'! ,Phe!3,Nle!'4|Bn(6-14). Control and 1 wM [DTyr%,BAla'!,Phe! Nle'4]Bn(6-14)-stimulated values for hGRPR were 3654 +560 and
16320 +4365 dpm, respectively; for hNMBR 2608 £450 and 80862 + 4450 dpm, respectively; and for hBRS-3 1163 +230 and 5079 + 276 dpm, respectively. Results are
the mean + SEM from at least four experiments, and in each experiment the data points were determined in duplicate. Numbers refer to the peptide number in Table 1.
Abbreviations: see Table 1 legend.

than peptide #3, 4-49 fold higher than peptide #2 and 74-157- than the universal agonist, peptide #1 (Fig. 1, panel B1; Fig. 2, panel
fold higher than peptide #4 (Fig. 1, panel B1; Fig. 2, panel Al; A1; Tables 2 and 3). Similarly, GRP and NMB had very low affini-
Tables 2 and 3). For each of these hBRS-3 containing cells, pep- ties (>10,000 nM) in both hBRS-3/H1299 cells and hBRS-3/Balb cells
tide #16a had >7000-fold lower affinity (ICsg 6026 to >10,000 nM) (Fig. 1, panel B1; Fig. 2, panel A1; Tables 2 and 3).

Table 3

Affinities and potencies of peptides #1 to #4, #16a, GRP and NMB for hBRS-3, hGRPR and hNMBR expressed in Balb cells.
Peptide name/number ICs0 (nM) ECs0 (nM)

hBRS-3/Balb hGRPR/Balb hNMBR/Balb hBRS-3/Balb hGRPR/Balb hNMBR/Balb

16a 6026 + 148 >10,000 >10,000 >10,000 >10,000 >10,000
1 0.85+0.05 0.07 £0.01 1.48+0.3 1.1+0.1 0.45+0.02 0.16+0.01
2 3.39+0.15 110+£5 158 +8 5.9+0.2 58+2.0 38+1.2
3 2.09+0.06 258+6 589+32 3.6+0.1 977 +56 219+12
4 63.1+3.1 >10,000 >10,000 2l zedl 1480+ 89 661+27
GRP >10,000 0.17 +£0.01 155+9 >10,000 48+0.2 933+74
NMB >10,000 452428 0.79+0.21 >10,000 209+ 14 1.2+0.1

Results are calculated from dose-response curves in Fig. 2 as described in Section 2. Results are expressed as the peptide concentration causing half-maximal inhibition of
binding (ICso) or the peptide concentration causing half-maximal stimulation of [2H]IP (ECs ). Results are means + SEM from at least three experiments. Abbreviations: see
Table 1.
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Fig. 3. The ability [DTyr% BAla'!,Phe!3 Nle'#|Bn(6-14) (peptide #1) and the putative BRS-3 selective agonist peptide #16a, to inhibit binding and to stimulate an increase in
[3H]IP formation HuTu-80 cancer cells which natively express hGRPR or H1299 lung cancer cells in which hNMBR is over-expressed. In binding (top panel) HuTu-80 cancer cells
(1.0 x 106 cell/ml), or ANMBR/H1299 lung cancer cells (0.4 x 106 cells/ml) cells were incubated for 60 min at 22 °C with 50 pM 1'2>-[DTyr%,BAla'!,Phe!3 Nle'4]|Bn(6-14), with
or without the indicated concentrations of the various peptides added. Results are expressed as the percentage of saturable binding without unlabeled peptide added (percent
control). Bottom panel, HuTu-80 cancer cells or hNMBR/H1299 lung cancer cells were subcultured and preincubated for 24 h at 37 °C with 3 p.Ci/ml myo-[2->H]inositol. The
cells were then incubated with the ligands at the concentrations indicated for 60 min at 37 °C. Values expressed are a percentage of total [*H]IP release stimulated by 1 WM
[DTyr8,BAla'!,Phe'3 ,Nle'#]Bn(6-14). Control and 1 wM [DTyr®,BAla!! ,Phe'3,Nle'4]Bn(6-14)-stimulated values for HuTu-80 cancer cells were 1195 + 122 and 5150 + 530 dpm,
respectively and for hNMBR/H1299 cells 1950 + 82 and 20270 + 2320 dpm, respectively. Results are the mean & SEM from at least four experiments, and in each experiment
the data points were determined in duplicate. Numbers refer to the peptide number in Table 1. Abbreviations: see Table 1 legend.

To investigate the selectivity in affinity of these peptides for
hBRS-3 receptors over the human Bn receptors, binding studies
were performed with both hGRPR- and hNMBR-containing cells
using the same radioligand under similar binding conditions to that
used in the above studies on hBRS-3 cells (Fig. 2, panels B1 and C1;
Fig. 3, panels A1 and B1). In HuTu-80 cells which contain native
hGRPRs [10,58], the natural ligand GRP and the universal agonist,
peptide #1, bound with high affinity (ICsg 0.05-0.1 nM); and were
more than 300-times more potent than NMB. Each of the putative
hBRS-3 selective ligands had much lower affinities than GRP or pep-
tide #1, with peptide #2 having a 475-fold lower affinity, peptide
#3 a 750-fold lower affinity, peptide #4 a 7700-fold lower affin-
ity and peptide 16a >80,000-fold lower affinity (ICsq >10,000 nM)
(Fig. 3, panel A1; Table 4). With both the hNMBR/H1299 cells (Fig. 3,
panel B1) and hNMBR/Balb cells (Fig. 2, panel C1) the natural lig-
and NMB and the universal ligand, peptide #1 had high affinities
(IC59 0.1-1.4 nM), whereas GRP had >100-fold lower affinity (ICsq
140-150nM) (Tables 3 and 4). Similarly each of the four puta-
tive hBRS-3 selective ligands had lower affinities than NMB with
peptide #2 having a 200-1100-fold lower affinity, peptide #3 a

745-5900-fold lower, peptide #4 and #16 both having a >10,000-
fold lower affinity (ICsyp >3000 nM) (Fig. 2, panel C1; Fig. 3, panel
B1; Tables 3 and 4).

The least selective ligand was the universal agonist, peptide
#1, which had high affinity for all hBRS-3-, hGRPR- and hNMBR-
containing cells and demonstrated in comparison to hBRS-3 a small
selectivity for hGRPR (12-13-fold), but equal affinity for hNMBR
(Tables 2-4). In contrast, in comparison with their affinities for
hBRS-3, the natural ligands GRP and NMBR were highly selective
(>3000-fold) for their natural receptors, h\GRPR and hNMBR, respec-
tively (Tables 2-4). Peptides #2, #3, and #4 had a 13-, 65- and
4-fold selectivity, respectively for hBRS-3 in NCI-N417 cell over
hGRPR natively expressed in Hutu cells, and a 32-, 123-, and >158-
fold selectivity in hBRS-3 expressed in Balb cells over hGRPR in the
same cells (Tables 2 and 3). In comparison with hNMBR-containing
cells, peptides #2, #3, and #4 had a 47-, 282- and >158-fold selec-
tivity for the hBRS-3 expressed in Balb cells than hNMBR in the
same cells and a 15-, 254-, 12-fold selectivity for hBRS-3 natively
expressed in NCI-N417 cells than the hNMBR expressed in NCI-
H1299 cells (Tables 2-4). The selectivity of peptide #16a did not

Table 4

Affinities and potencies of peptides #1 to #4, #16a, GRP and NMB for hGRPR and hNMBR expressed in Hutu-80 and H1299 cells.
Peptide name/number ICso (nM) ECso (nM)

hGRPR/Hutu-80 hNMBR/H1299 hGRPR/Hutu-80 hNMBR/H1299

16a >10,000 >10,000 >10,000 >10,000
1 0.12+0.01 1.3+0.1 0.26 +£0.01 0.093 +0.006
2 57.5+2.8 66.1+3.4 318+25 195+11
3 91.2+44 355+23 4074 +350 445 + 36
4 933+15 2951+105 >10,000 4786 +354
GRP 0.049 +.002 141+8.7 2.8+0.2 602 +42
NMB 37.2+5.2 0.063 +0.004 348 +18 0.490+0.028

Results are calculated from dose-response curves in Fig. 3 as described in Section 2. Results are expressed as the peptide concentration causing half-maximal inhibition of
binding (ICso) or the peptide concentration causing half-maximal stimulation of [2H]IP (ECs ). Results are means + SEM from at least three experiments. Abbreviations: see

Table 1.
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Fig. 4. The ability [DTyrS,8Ala'',Phe'3,Nle'#]Bn(6-14) (peptide #1) and the putative BRS-3 selective agonist peptide #16a, to stimulate activation of protein kinase D in
hBRS-3/N417 cells, hGRPR/HuTu-80 cells and hNMBR/1299 cells. Each of the cells was incubated with the indicated concentration of [DTyr®,8Ala'!,Phe'3 Nle'4|Bn(6-14)
(peptide #1) or peptide #16a for 5 min and the activation of PKD was assessed by determining the extent of formation of phospho-PKD (Ser744/748) and the gel loading
assessed by determining tubulin. A representative result from three experiments is shown in the top panel. The average result from densitometric analysis of at least 3
experiments (mean & SEM) is shown in the bottom panel. Results are expressed as the percentage of the control value.

exceed >3.2-fold for hBRS-3 over hGRPR or hNMBR in any of the
cells (Tables 2-4). Because peptide #16a had such low affinity for
hBRS-3, hGRPR, and hNMBR in all cells examined, and despite
including 16a concentrations as high as 10,000 nM in the assays
(Figs. 1-3) (Tables 2-4), the exact selectivity, if any, at very high
peptide concentrations (i.e. >10 wM), could not be determined.

3.2. Ability of GRP, NMB, Peptide #1 and various putative BRS-3
selective agonists to activate phospholipase C (PLC) and stimulate
an increase in [HJIP generation in various cells expressing native
or transfected human bombesin receptor subtypes

To assess the potencies of the various putative hBRS-3 selective
agonists, we utilized the fact that each of the human Bn receptor
subtypes is coupled to PLC activation [2,15,16,37,38], and the ago-
nist’s abilities to stimulate [3H]IP generation in each of the hBRS-3-,
hGRPR-, and hNMBR-containing cells (Fig. 1, panels A2 and B2;
Fig. 2, panels A2, B2, and C2; Fig. 3, panels A2 and B2) and com-
pared to the results with the natural ligands (GRP, NMB) and the
hBn receptor universal agonist ligand, peptide #1 (Table 1). For the
hBRS-3 receptor containing cells, the universal agonist, peptide #1
caused a 4.4-fold increase in [2H]IP generation in hBRS-3/Balb cells,
a5.4-fold increase in hBRS-3/H1299 cells and an 3.6-fold increase in
hBRS-3 containing NCI-N417 cells (Fig. 1, panels A2 and B2; Fig. 2,
panel A2). In each of these hBRS-3 containing cells, peptides #2,
#3, #4, and #16a were either full agonists or even at concentra-
tions up to 10,000 nM, maximal effects were not reached, resulting
in none functioning as a partial agonist (Figs. 1 and 2). A similar
result was seen with the putative hBRS-3 selective ligands (#2, 3,
4, 16a) in hGRPR- or hNMBR-containing cells, in which the natu-
ral ligands (GRP or NMB) or the universal ligand, peptide #1 were
maximally effective (Figs. 2 and 3). The maximally effective ligands
caused a 4.3-fold increase in [3H]IP generation in hGRPR contain-
ing HuTu-80 cells, 4.5-fold increase in hGRPR/Balb cells, 10-fold
increase in hNMBR/H1299 cells and 31-fold in hNMBR/Balb cells.
(Figs. 2 and 3).

With each of the three hBRS-3 containing cells (hBRS-3 Balb,
H1299 NCI-417 cells), the universal agonist, peptide #1 was the
most potent at activating PLC(ECsg 0.69-3.3 nM) and was 3.3-10-
fold more potent than peptide #3, 4-14-fold more than peptide #2,
16-100-fold more potent than peptide #4 and >3000-fold more
potent than peptide #16a (Figs. 1 and 2; Tables 2 and 3). With

the hGRPR containing HuTu-80 and Balb cells, GRP and the univer-
sal agonist, peptide #1 were both potent (EC5g 0.25-4.8 nM), with
peptide #1 being 10-25, 123-270, 70-190 and >2000-fold more
potent that peptide #2, #3, #4, and #16a (Fig. 2, panel-B2; Fig. 3,
panel A2; Tables 3 and 4). Similarly, with the hNMBR-containing
H1299 and Balb cells, NMB and the universal agonist, peptide #1
were both potent (ECsg 0.09-1.2 nM), with peptide #1 being >250-
, >1000, >4000 and >6000-fold more potent that peptide #2, #3,
#4, and #16a (Fig. 2, panel C2; Fig. 3, panel B2; Tables 3 and 4). In
terms of selectivity for hBRS-3 cells, similar to its binding affini-
ties, the universal ligand, peptide #1, had high affinity for all Bn
receptor containing cells and showed a 2-12-fold selectivity for
hGRPR containing cells over hBRS-3 cells and a 7-35-fold selectivity
for hNMBR-containing cells over hBRS-3 cells (Tables 2-4). In con-
trast, peptides #2, #3, and #4 showed 10-26-, 123-271-, and 70 to
>190-fold selectivity for hBRS-3 cells over hGRPR containing cells
and a 6-16-, 13-61-, 32-91-fold selectivity for hBRS-3 containing
cells over the hNMBR-containing cells (Tables 2-4). Peptide 16a’s
potencies were so low for activating PLC in each of the Bn receptor
containing cells, that even when concentrations up 10 uM were
used in the assays, it was not possible to obtain selectivity data
based on its potencies (Figs. 1-3; Tables 2-4).

3.3. Ability of Peptides #1 and 16a to activate protein kinase D
(PKD) in various cells expressing native or transfected human
bombesin receptor subtypes

Because of the marked difference in our data showing peptide
#16a had a very low potency for activating PLC in hBRS-3 native
and transfected cells, whereas in some studies it was reported to
have high potency for activating hBRS-transfected cells and caus-
ing other cell signaling changes [54,64], we decided to examine the
ability of compound 16a to alter cellular function in more detail
(Figs. 4 and 5). We did this by first examining its ability, in compar-
ison to the universal agonist, peptide #1, to activate an important
more, distal cellular signaling pathway than PLC, activation of pro-
tein kinase D (PKD) (Fig. 4) and determining its ability to cause
a change in cellular behavior, by examining its ability to stimu-
late cell growth and thymidine incorporation (Fig. 5). PKD was
chosen because it is a family of serine/threonine kinases which
are activated by a large number of cellular stimulants including
growth factors, bioactive lipids and some G-protein-coupled recep-
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Fig. 5. The ability [DTyr® BAla'!,Phe!3 Nle!'*|Bn(6-14) (peptide #1) and the puta-
tive BRS-3 selective agonist peptide #16a, to stimulate activation of growth of
hBRS-3/Balb cells. hBRS-3/Balb cells were incubated with the indicated concen-
tration of [pTyr%,BAla'!,Phe'3,Nle'4]Bn(6-14) (peptide #1) or peptide #16a and
the affect on [>H]thymidine incorporation determined as described in Section 2.
Results are means & SEM from four experiments and are expressed as the percent-
age of the increase caused by 1M [DTyrS,BAla'! ,Phe!3 Nle'4]Bn(6-14) (peptide
#1). Mean control and 1 wM [DTyr® BAla'!,Phe!3, Nle'4]Bn(6-14)-stimulated values
hBRS-3/Balb cells were 2371 £+ 92 and 3244 + 62 cpm, respectively.

tors, including members of the Bn receptor family [4,36,47,48]. PKD
frequently is partially activated by stimulation of PLC mediated
PKC activation and is involved in mediating numerous cellular pro-
cesses including secretion, proliferation, invasions and apoptosis
[4,36,47,48]. The universal agonist, peptide #1 stimulated greater
than a 4-fold activation of hBRS-3 natively expressed in NCI-N417
cells (Fig. 4, left panel), hGRPR natively expressed in Hutu-80 cells
(Fig. 4, middle panel) and hNMBR over-expressed in H1299 cells
(Fig. 4, right panel), assessed by determining the phosphorylation
of PKD serine residues 744/748 whose phosphorylation correlates
with activation of the PKD [4,50]. Peptide #1 caused detectable acti-
vation at 0.1-1nM in the three different hBn receptor-containing
cells and maximal activation by 10 nM (Fig. 4). In contrast, in nei-
ther hBRS-3 containing NCI-N417 cells nor in hGRPR/HuTu-80 cells
or hNMBR/H1299 cells, did peptide #16a, even at concentrations
up to 1 wM stimulate PKD activation (Fig. 4). These results demon-
strate compound #16a was >1000-fold less potent that peptide #1
for activating PKD, and did not establish it had any agonist activity
for activating PKD over the concentration range used.

3.4. Ability of peptides #1 and 16a stimulate growth of
hBRS-3/BALB cells

In hBRS-3/Balb cells peptide #1 caused detectable
[3H]thymidine uptake at 0.1 nM, maximal stimulation at 10nM
and had a half-maximal effect (ECs¢) at 0.8+1nM (Fig. 5). In
contrast, peptide #16a had a >800-fold lower potency with an
ECsp of 650+ 117 nM (Fig. 5).

4. Discussion

The purpose of this study was to assess the affinities, poten-
cies and selectivities of recently described putative potent, selective
agonists for the human orphan receptor, hBRS-3, compared to other
members of the human bombesin (Bn) receptor family. This study
was performed because of the recent increasing interest in the
hBRS-3 receptor. This is occurring because of pharmacological stud-
ies, as well as studies of hBRS-3 knockout mice [15,56], providing
strong support for the importance of this receptor in regulat-
ing glucose homeostasis and insulin secretion [15,30,31], energy
metabolism and obesity [12,15,30,31], tumor growth [15,18,57],
bronchial epithelial cell proliferation, lung development and lung

injury [15,41-43,53], and in regulating gastrointestinal motility
[32]. Because the natural ligand has not yet been identified, the
availability of pharmacological tools (selective agonists, antag-
onists) will be particularly important in studying this receptor.
A significant advance was made when it was discovered that
the bombesin synthetic analog, [DTyr5,BAla!! ,Phe!3 Nle!4|Bn(6-
14) (peptide #1, Table 1), functions as a high affinity ligand and
agonist at the hBRS-3 receptor [27,37,38]. Unfortunately, subse-
quently this peptide and its related DPhe® analog were found to
be universal ligands/agonists with high affinity for all subtypes
of human Bn receptors (hGRPR, hNMBR, hBRS-3) [27,33]. Sub-
sequently, a number of studies [5,9,24-26,54,55,64] using this
compound as a prototype, have described a number of peptides
having selectivity and moderate to high affinity/potency for the
hBRS-3 receptor over the other hBn receptors. Unfortunately, there
is no general agreement on the selectivity and potency of a num-
ber of these putatively potent and selective hBRS-3 peptides with
some studies finding particular analogs are potent and selective
for the hBRS-3 receptor, whereas others report they have very low
hBRS-3 receptor selectivity and/or potency [5,9,24-26,54,55,64].
At present it is not clear why this variability is occurring and it
makes it difficult to determine which, if any selective ligand should
be used in a given study. Possible sources of this variation among
studies include different hBRS-3 transfected cells are used, differ-
ent assay methods and different experimental conditions. In many
studies affinities from binding studies have not been performed and
only potencies from various signaling cascades were assessed. Also,
no studies were performed using non-BRS-3 transfected cells that
natively possess the hBRS-3. The fact that all studies used hBRS-3
transfected cells can be a particular source of variation, because a
number of studies demonstrate that receptor expression density
of various G-protein-coupled receptors can have marked effects
on receptor affinities, potencies and efficacies for intracellular sig-
naling cascades as well as cellular responses [20,21,44,46,59,65].
Furthermore, varying G-protein-coupled receptor expression den-
sities can have different affects on different intracellular cascades
or cellular responses, and therefore can be an important variable
in determining the absolute and relative potency of an agonist
[44]. The assessment of potencies from assessing different intra-
cellular signaling cascades rather than by assessing affinities from
binding studies can also lead to marked variation in the relative
and/or absolute affinities of different agonists, because differing
degrees of receptor spareness for various signaling cascades (acti-
vation of PLC, calcium mobilization, tyrosine kinase stimulation)
have been described for a given Bn receptor, as well as other G-
protein-coupled receptors and the magnitude of spareness can also
vary from one Bn receptor to the next [14,17,45]. Lastly, with Bn
receptors some peptides can behave as biased agonists causing par-
tial or full activation of some signaling cascades with no stimulation
of others and this also can contribute to variation in potencies for
a give cascade for a given agonist [15,22].

The present study was designed in a number of ways to over-
come the limitations listed above. First, the study was done by
assessing the abilities of these peptides to interact with and acti-
vate the different Bn receptors in a number of carefully selected
hBn receptor-containing cells. This was accomplished by using Bn
receptor bearing cells that had been produced/identified by three
different strategies, so their pharmacology would reflect native
Bn receptor cells. For the first time interaction with the hBRS-3
receptor was assessed using NCI-N417 cells which possess native
hBRS-3 receptors [38] and with the hGRPR using HuTu cells which
natively express this receptor [10,58]. hGRPR-, hBRS-3, and hNMBR
expressed in Balb 3T3 cells were studied also, because previous
studies show Bn receptors transfected into these cells behave in a
similar fashion to native Bn receptor bearing cells [1-3,27,37,38].
Lastly, hBRS-3 and hNMBR natively occur in such low numbers in
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NCI-H1299 cells that binding studies cannot be performed. Accord-
ingly, each receptor was over-expressed at low levels equal to
those that are seen in other native Bn receptor containing cells
and sufficient to perform binding studies [10,27]. Second, bind-
ing studies were performed on all cells to directly assess affinities
under identical conditions using the same ligand for all cells. Third,
two different principal intracellular cascades, which are activated
by all Bn receptors were studied (PLC, and protein kinase D acti-
vation) [4,36,47,48]. Fourth, a cellular response to hBRS-3 was
examined by measuring the growth response assessed by measur-
ing [3H]thymidine incorporation.

In the present study, four putative, selective HBRS-3 agonists
were examined with particular attention paid to peptide #16a
(Table 1). Peptide #16a was examined in more detail because
it is reported to have particularly high potency and selectivity
for hBRS-3 [54,64]. In studies using hBRS-3 expressed in CHO
K1 cells or HEK293 cells, peptide #16a was reported to have a
potency of 2.1-14 nM as assessed using a calcium FLIPR assay and
>1000-fold selectivity for hBRS-3 over hGRPR or hNMBR [54,64].
In the present study two of the putative hBRS-3 agonists, pep-
tides #2 and #3 (Table 1), had nM affinities from binding studies
for the hBRS-3 receptor in each of the 3 hBRS-3 cell lines stud-
ied (NC-N417, Balb, H1299), with peptide #4 having moderate-low
affinities (63-570nM) and peptide #16a having very low affini-
ties (3000 to >10,000). Similar potencies were also found for the
abilities of these putative hBRS-3 selective agonists to activate the
hBRS-3 receptors and stimulate phospholipase C activation, which
is the principal intracellular signaling cascade for this receptor, as
it is for the other human Bn receptors [15,37,38,60]. These results
demonstrated that peptide #16a had low affinity and potency for
activating hBRS-3 receptors on all three hBRS-3 containing cells
examined. We further investigated the agonist potencies of pep-
tide #16a in altering other cellular functions such as its ability to
activate PKD, another more distal major signaling cascade involved
in mediating hBRS-3 and other Bn receptor’s effects on cellular
function [4,36,47,48], as well as its ability to stimulate growth and
[3H]thymidine incorporation in hBRS-3/Balb cells. A result similar
to its ability to activate PLC was found for peptide 16#a to stimu-
late PKD activation in hBRS-3/N417 cells where it was inactive up to
concentrations of 1 wM. It was therefore greater than 1000-fold less
potent than the universal agonist, peptide #1, at activating PKD in
these cells. Similarly, peptide #16a had only weak agonist activity
on stimulating [3H]thymidine incorporation in hBRS-3/Balb cells
where it did not cause significant stimulation until concentrations
>100 nM and was >800-fold less potent than the universal agonist,
peptide #1 (Table 1). The above results demonstrate that peptides
#2, #3 and possibly #4, but not peptide #16a (Table 1) have suffi-
cient affinities and potencies for hBRS-3 receptors to be potentially
generally useful.

The other major determinant of usefulness for these hBRS-3 lig-
ands is their degree of selectivity for hBRS-3 over other human Bn
receptors (hGRPR, hNMBR). This is an important point because in
many cells in both the CNS as well as peripheral tissues, the dif-
ferent subtypes of Bn receptors are often expressed together, as
is the case in a number of different tumors [7,15,18,39,49]. The
relative order of selectivity for hBRS-3 over hGRPR in the differ-
ent cells based on binding affinities was peptide #3 (65-120-fold
selective) > peptide #4 (4-150-fold), peptide #2 (13-32-fold) and
with peptide #16a, its affinities were too low to allow a precise
determination of its hBRS-3/NMBR selectivity. The relative order
of selectivity for hBRS-3 over the hNMBR was peptide #3(250-
fold) > peptide #2 (15-46-fold)> peptide #4 (12-150-fold). With
peptide #16a, affinities were too low to allow a precise determina-
tion of its hBRS-3/NMBR selectivity to be made. Similar results were
found for their relative potencies for activating PLC in the different
Bn receptor containing cells. These results support the conclusion

that peptide #3 is likely the most useful hBRS-3 agonist available at
present. Its general usefulness however, still may be limited by its
selectivity, which is relatively modest compared to most generally
widely used selective agonists.

5. Conclusion

This study evaluated in detail the ability of existing putative
hBRS-3 potent and selective agonists to interact with hBRS-3 and
other human Bn receptors (hGRPR, hNMBR) using a number of
different hBn receptor-bearing native and transfected cell lines
to perform both bind studies and evaluate potencies for activat-
ing intracellular signaling cascades and causing cell growth. The
results demonstrate some of the putative hBRS-3 selective pep-
tides (peptide 16a, #4) have such low affinity that they will not
be generally useful. It also demonstrates that peptide #3 (Table 1)
is the most selective, potent hBRS-3 agonist available at present,
however, its moderate selectivity (100-fold), may limit its use-
fulness, compared to a number of classes of hGRPR and hNMBR
antagonists which are highly selective (>1000-fold) [10,15,51,52].
This study demonstrates the importance of the need for full
characterization of putative selective agonist with assessments
of both binding affinities as well as potencies for altering cel-
lular signaling/and/or biologic activity on a number of different
cells and/or cell lines to critically assess their potential useful-
ness.
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