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Abstract

Bombesin receptor subtype (BRS)-3 is a G protein coupled receptor (GPCR) for the bombesin
(BB)-family of peptides. BRS-3 is an orphan GPCR and little is known of its physiological role
due to the lack of specific agonists and antagonists. PD168368 is a nonpeptide antagonist for the
neuromedin B (NMB) receptor (R) whereas PD176252 is a nonpeptide antagonist for the gastrin
releasing peptide (GRP) R and NMBR but not BRS-3. Here nonpeptide analogs of PD176252 e.g.
the S-enantiomer ML-18, and the R-enantiomer, EMY-98, were investigated as BRS-3 antagonists
using lung cancer cells. ML-18 and EMY-98 inhibited specific 12°1-BA1 (DTyr-GIn-Trp-Ala-Val-
BAla-His-Phe-Nle-NH,)BB®-14 binding to NCI-H1299 lung cancer cells stably transfected with
BRS-3 with 1C5q values of 4.8 and > 100 pM, respectively. In contrast, ML-18 bound with lower
affinity to the GRPR and NMBR with 1Cgq values of 16 and >100 uM, respectively. ML-18 (16
HM), but not its enantiomer EMY-98, inhibited the ability of 10 nM BA1 to elevate cytosolic Ca2*
in a reversible manner using lung cancer cells loaded with FURA2-AM. ML-18 (16 uM), but not
EMY-98, inhibited the ability of 100 nM BAL to cause tyrosine phosphorylation of the EGFR and
ERK in lung cancer cells. ML-18 but not EMY-98 inhibited the proliferation of lung cancer cells.
The results indicate that ML-18 is a honpeptide BRS-3 antagonist that should serve as a template
to improve potency and selectivity.
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1. Introduction

Bombesin receptor subtype (BRS)-3 is an orphan G-protein coupled receptor (GPCR) whose
role in normal physiology is unknown due to a lack of specific agonists and antagonists [14].
In BRS-3 knockout mice, however, obesity develops associated with hypertension and
impairment of glucose metabolism [27]. The knockout mice have increased serum leptin
levels, increased feeding behavior and hyperphagia. BRS-3 knockout mice have altered taste
perception as a result of reduced receptor densities in the amygdala and hypothalamus [40].
In the periphery, BRS-3 is present in pancreatic islets and BRS-3 deficient mice have
increased plasma insulin [10]. Also, BRS-3 is overexpressed in a number of cancer tumors
[15]. The results indicate that BRS-3 may be important in the normal and malignant CNS as
well as peripheral tissues.

Human BRS-3 contains 399 amino acids [9]. It has 51% sequence homology with the gastrin
releasing peptide (GRP) receptor (R) which contains 384 amino acids [3,34] and 47%
sequence homology with the neuromedin B (NMB) R which contains 390 amino acids [37].
The BB family of receptors interact with a guanine nucleotide binding protein (Gq)
activating phospholipase C resulting in phosphatidylinositol (PI) turnover [31, 32]. The IP3
released causes elevation of cytosolic calcium (CaZ*) whereas the diacylglycerol released
causes activation of protein kinase (PK) C [5, 23]. BRS-3 binds synthetic, [D-Tyr5, f-Alall,
Phel3, Nlel4]BB(6-14), abbreviated BA1, with high affinity [36]. Also, BA1 binds with high
affinity to the GRPR and NMBR causing their activation. BRS-3 does not bind BB, NMB or
GRP with high affinity whereas the NMBR prefers NMB relative to GRP or BB and the
GRPR prefers GRP or BB relative to NMB [29]. Thus BA1 represents a universal agonist
for the BB family of receptors.

Non-peptide antagonists for the BBR family have been identified. PD168368 is a nonpeptide
antagonist, which binds with high affinity to the NMBR and inhibits the growth of lung
cancer cells [20]. PD176252 is a non-peptide antagonist for the NMBR and GRPR which
inhibits the growth of lung cancer cells [2, 22]. Both PD168368 and PD176252, which are
S-3-(1H-indol-3-yl)-2-[3-(4-nitrophenyl)ureido]propanamide analogs, do not bind with high
affinity to BRS-3 [11].

In this communication, two related PD176252 analogs were screened as BRS-3 antagonists.
The (S) PD176252 analog ML-18, but not EMY-98, (R) analog, inhibited specific 12°1-BA1
binding to lung cancer cells transfected with BRS-3 or GRPR but not NMBR. ML-18, but
not EMY-98 antagonized the ability of BAL1 to elevate cytosolic Ca2* in lung cancer cells.
BA1 addition to lung cancer cells caused the tyrosine phosphorylation of EGFR and ERK
which was blocked by ML-18 but not EMY-98. Finally, ML-18 but not EMY-98 inhibited
the growth of lung cancer cells. These results indicate that ML-18 is a nonpeptide BRS-3
antagonist.
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2. Materials and Methods

2.1 Chemical synthesis

ML-18 and EMY-98 were synthesized as pure enantiomers using N-BOC-R-tryptophan or
N-BOC-S-tryptophan as described [33]. Enantiomeric purity was assessed by chiral high-
performance liquid chromatography (HPLC) analysis on a Perkin-Elmer series 200LC
instrument using a Daicel Chiral Cell OD column (250 mm x 4.6 mm, 5 um particle size).
The compounds were eluted with n-hexane/ethanol, 4/1 v/v at a flow rate of 0.8 ml/min. The
absorbance was determined at 230 nm using a Perkin-Elmer 785A UV/VIS detector. All
compounds had >95% enantiomeric excesses. The molecular weight of (S)-3-(1H-indol-3-
y1)-N-[[1-(4-methoxyphenyl)cyclohexyl]methyl]-2-[(4-
nitrophenyl)carbamoylamino]propanamide, ML-18, and (R)- 3-(1H-indol-3-yI)-N-[[1-(4-
methoxyphenyl)cyclohexyllmethyl]-2-[(4-nitrophenyl)carbamoylamino]propanamide,
EMY-98, was 569.9 Daltons. Routinely ML-18 and EMY-98 were dissolved in DMSO at a
concentration of 10 mM prior to use.

2.2 Cell culture

Human NCI-H727 lung cancer cells, which are known to contain BRS-3 and wild type
EGFR [6, 21] were cultured in Roswell Park Memorial Institute (RPMI)-1640 medium
containing 10% heat-inactivated fetal bovine serum (FBS; Invitrogen, Grand Island, NY).
Human NCI-H1299 lung cancer cells with increased stable expression of the BRS-3 were
used [4] and were grown in RPMI 1640 containing 10% FBS supplemented with 300 mg/I
G418 sulfate (Sigma-Aldrich, St. Louis, MO). The cells were split weekly 1/20 with trypsin-
ethylenediaminotetraacetic acid (EDTA). The cells were mycoplasma free and were used
when they were in exponential growth phase after incubation at 37°C in 5% CO2/95% air.

2.3. Receptor binding

BA1, which binds with high affinity to all human BB receptors, was radiolabeled using
iodogen and HPLC purified as reported previously [18]. The ability of BA1, EMY-98, GRP,
ML-18 and NMB to inhibit specific 12°I-BA1 binding to lung cancer cells was investigated.
GRP and NMB were purchased from Bachem Inc. (Torrance, CA) and BA1 was provided
by Dr. D. Coy (Tulane Univ.). The lung cancer cells were washed 3 times in SIT medium
(RPMI-1640 containing 3 x 10" M sodium selenite, 5 pg/ml bovine insulin and 10 pg/ml
transferrin (Sigma-Aldrich, St. Louis, MO)). The cells were incubated in SIT buffer
containing 0.25% bovine serum albumin and 250 pg/ml bacitracin (Sigma-Aldrich, St.
Louis, MO) and 125]-BA1 (100,000 cpm) added, as well as various concentrations of
unlabelled competitor. After incubation at 37°C for 30 min, free 1251-BA1 was removed by
washing 3 times in buffer and the cells which contained bound 1251-BA1 dissolved in 0.2 N
NaOH and counted in a gamma counter. The half maximal inhibitory concentration (ICgq)
was calculated for each unlabeled competitor.

2.4. Western Blot

The ability of BAL to stimulate tyrosine phosphorylation of EGFR or ERK (p42/p44 MAP
kinase) was investigated by Western blot [25]. Lung cancer cells were cultured in 10 cm
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dishes. When a monolayer of cells formed they were placed in SIT media for 3 hr.
Routinely, lung cancer cells were treated with 16 uM EMY-98 or ML-18 for 30 min prior to
stimulation with BA1. Then cells were treated with 0.1 uM BA1 for 2 min, washed twice
with PBS and lysed in buffer containing 50 mM Tris.HCI (pH 7.5), 150 mM sodium
chloride, 1% Triton X-100, 1% deoxycholate, 1% sodium azide, 1 mM
ethyleneglycoltetraacetic acid, 0.4 M EDTA, 1.5 ug/ml aprotinin, 1.5 pg/ml leupeptin, 1 mM
phenylmethylsulfonylfluoride and 0.2 mM sodium vanadate (Sigma-Aldrich, St. Louis,
MO). The lysate was sonicated for 5 s at 4°C and centrifuged at 10,000 x g for 15 min.
Protein concentration was measured using the BCA reagent (Pierce Chemical Co.,
Rockford, IL), and 400 pg of protein was incubated with 4 g of anti-phosphotyrosine (PY)
monoclonal antibody, 4 ug of goat anti-mouse immunoglobulin 1gG and 15 pl of
immobilized protein G overnight at 4°C. The immunoprecipitates were washed 3 times with
phosphate buffered saline and analyzed by sodium dodecyl sulfate/polyacrylamide gel
electrophoresis and Western blotting. Immunoprecipitates were fractionated using 4-20%
polyacrylamide gels (Novex, San Diego, CA). Proteins were transferred to nitrocellulose
membranes and the membranes were blocked overnight at 4°C using blotto (5% non-fat
dried milk in solution containing 50 mM Tris/HCI (pH 8.0), 2 mM CaCl,, 80 mM sodium
chloride, 0.05% Tween 20 and 0.02% sodium azide) and incubated for 16 h at 4°C with 1
ug/ml anti-EGFR antibody (Cell Signaling Technologies, Danvers, MA) followed by anti-
rabbit immunoglobulin G-horseradish peroxidase conjugate (Upstate Biotechnologies, Lake
Placid, NY). The membrane was washed for 10 min with blotto and twice for 10 min with
washing solution (50 mM Tris/HCI (pH 8.0), 2 mM CaCl,, 80 mM sodium chloride, 0.05%
Tween 20 and 0.02% sodium azide). The blot was incubated with enhanced
chemiluminescence detection reagent for 5 min and exposed to Kodak XAR film. The
intensity of the bands was determined using a densitometer.

Alternatively, 20 pg of cellular extract was loaded onto a 15 well 4-20% polyacrylamide
gels. After transfer to nitrocellulose, the blot was probed with anti PY1968-EGFR, anti-
EGFR, anti-FAK, anti-PY397FAK, anti-PY204ERK, anti-ERK or anti-tubulin (Cell Signaling
Technologies, Danvers, MA).

2.5 Cytosolic Ca2*

NCI-H727 or BRS-3 transfected NCI-H1299 cells were treated with trypsin-EDTA and
harvested. After centrifugation the cells were resuspended in SIT medium (2.5 x 106
cells/ml) containing Fura-2AM (Calbiochem, La Jolla, CA) at 37°C for 30 min [23]. The
cells were centrifuged at 1000 x g for 5 min and resuspended at a concentration of 2.5 x
108/ml and 2 ml placed in a Quartz cuvette containing a stirbar. The excitation ratio was
determined at 340 and 380 nm and the emission at 510 nm using a spectrofluorometer
equipped with a magnetic stirring mechanism and temperature (37°C) regulated cuvette
holder before and after addition of drug.

2.6 Proliferation

Growth studies in vitro were conducted using the 3-(4,5-dimethylthiazol-2-yl)-2.5-
diphenyl-2H-tetrazolium bromide (MTT) and clonogenic assays [17]. In the MTT assay,
NCI-H727 or NCI-H1299 cells transfected with BRS-3 (10%/well) were placed in SIT
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medium and various concentrations of ML-18 or gefitinib added. After 2 days, 15 pl of 0.1
% MTT solution added. After 4 h, 150 pl of dimethylsulfoxide was added. After 16 h, the
optical density at 570 nm was determined. In the clonogenic assay, the effects of ML-18 and
EMY-98 were investigated on NCI-H727 cells. The bottom layer contained 0.5% agarose in
SIT medium containing 5% FBS in 6 well plates. The top layer consisted of 3 ml of SIT
medium in 0.3% agarose, BA1, ML-18, EMY-98 and/or gefitinib using 5 x 10* lung cancer
cells. Triplicate wells were plated and after 2 weeks, 1 ml of 0.1% p-iodonitrotetrazolium
violet was added and after 16 hours at 37°C, the plates were screened for colony formation;
the number of colonies larger than 50 pm in diameter were counted using an Omnicon image
analysis system.

3.1 Receptor binding

The ability of ML-18 and EMY-98 to bind to the BBR was investigated using lung cancer
cells. Figure 1A shows that specific 12°1-BA1 binding to NCI-H1299 cells transfected with
BRS-3 is inhibited moderately by ML-18 at 3, 10 and 30 uM but not 0.1 pM. In contrast,
specific 1251-BA1 binding to BRS-3 tranfected cells is inhibited weakly by 30 yM EMY-98
but not 1 uM. Table I shows that the ICsq values for BRS-3 binding BA1, ML-18, EMY-98,
GRP and NMB are 0.006, 4.8, >100, >10 and >10 uM, respectively using NCI-H1299 cells
transfected with BRS-3. Similar results were obtained using NCI-H727 lung cancer cells
(Table I). Figure 1B indicates that ML-18 and EMY-98 bind with moderate and low affinity
to GRPR, respectively. Table | shows that the 1C5q values for GRPR binding for BA1,
ML-18, EMY-98, GRP and NMB are 0.0004, 16, >100, 0.0003 and 0.06 uM, respectively.
Figure 1C shows that ML-18 and EMY-98 had little effect on specific 1251-BA1 binding to
the NMBR. Table I shows that the ICs values for NMBR binding for BA1, ML-18,
EMY-98, GRP and NMB are 0.0025, >100, >100, 0.15 and 0.0007 uM, respectively. The
results indicate that ML-18 but not EMY-98 binds with moderate affinity to BRS-3 and the
GRPR but not the NMBR.

3.2 Calcium-Effect on peptide agonist, BA1

The ability of ML-18 to function as a BRS-3 antagonist was investigated using a calcium
assay. Figure 2A shows the cytosolic Ca2* increased within seconds after addition of 10 nM
BAL1 to lung cancer cells from 0.18 to 0.20 uM and then the Ca2* returned to baseline over a
2 min period. Addition of 16 pM ML-18 but not EMY-98 antagonized the ability of 10 nM
BAL to increase cytosolic Ca2* in lung cancer cells (Figs.2B, 2C) whereas ML-18 and
EMY-98 had little effect on basal cytosolic Ca*. Figure 2D shows that 16 uM ML-18
blocked the ability of 10 nM BA1 to increase cytosolic Ca?* in NCI-H727 cells. Subsequent
addition of 0.1 pM BA1 and 1 uM BAL1 increased the cytosolic Ca2* weakly and strongly,
respectively. The structure of ML-18 is shown (Fig. 2E). The results indicate that ML-18 but
not EMY-98 is a reversible nonpeptide BRS-3 antagonist.

Tyrosine phosphorylation

BRS-3 regulates EGFR and ERK tyrosine phosphorylation in lung cancer cells [25]. Fig. 3A
shows that addition of 0.1 uM BA1 addition to NCI-H1299 cells transfected with BRS-3
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increases FAK (125 kDa) tyrosine phosphorylation after 2 min. BAL significantly increased
FAK tyrosine phosphorylation 10.9-fold (Fig. 3B). The increase in FAK tyrosine
phosphorylation caused by BA1 was significantly inhibited 16 but not 1.6 or 0.16 pM
ML-18 (Fig. 3B). As a control, total FAK was not altered by ML-18 (Fig. 3A). Addition of
BA1 to NCI-H1299 cells transfected with BRS-3 increased ERK (44 and 42 kDa) tyrosine
phosphorylation (Fig. 3C). BAL significantly increased ERK tyrosine phosphorylation 2.9-
fold (Fig. 3D). The increased in ERK tyrosine phosphorylation caused by BA1 was
significantly inhibited by 16 but not 1.6 or 0.16 pM ML-18 (Fig. 3D). Addition of BA1 to
NCI-H1299 cells transfected with BRS-3 increased EGFR (170 kDa) tyrosine
phosphorylation (Fig. 3E). BA1 increased significantly EGFR tyrosine phosphorylation 5.9-
fold (Fig. 3F). The increase in EGFR tyrosine phosphorylation caused by BA1 was
significantly inhibited by 16 but not 1.6 or 0.16 pM ML-18 (Fig. 3F). Similar data were
obtained using NCI-H727 cells (T. Moody, unpublished). The results indicate that ML-18 in
a dose-dependent manner decreases lung cancer FAK, ERK and EGFR tyrosine
phosphorylation that is regulated by BRS-3.

3.4 Proliferation

The ability of ML-18 to inhibit lung cancer cellular proliferation was investigated. ML-18
(4.8 uM) had little effect on the proliferation of NCI-H1299 cells transfected with BRS-3
whereas proliferation was moderately and strongly inhibited by 16 and 48 uM ML-18,
respectively (Fig. 4). Gefitinib weakly inhibited the proliferation of NCI-H1299 cells
transfected with BRS-3 in the absence of ML-18 (ICgq > 30 uM). In the presence of ML-18
the gefitinib dose-response curve shifted to the left. In the presence of 48 uM ML-18 the
gefitinib 1Cgp was approximately 4.5 pM. Thus ML-18 increases the gefitinib sensitivity by
approximately 1-order of magnitude.

Using the clonogenic assay, 1.6 UM ML-18 but not EMY-98 significantly reduced the NCI-
H727 colony number (Table I1). Gefitinib (1 uM) or gefitinib plus ML-18 moderately and
strongly reduced NCI-H727 colony number. In contrast, 0.01 uM BA1 significantly
increased lung cancer colony number. The increase in colony number caused by BA1
addition to lung cancer cells was inhibited by ML-18 and/or gefitinib but not EMY-98. The
results indicate that BAL stimulates lung cancer proliferation, EMY-98 has no effect and
ML-18 as well as gefitinib inhibit lung cancer growth.

Calcium-Effect on specific BRS-3 agonists, MK-5046

MK5046 stimulated and increase in cytosolic calcium of NCI-H1299 cells transfected with
BRS-3 (Fig. 5) and this increase was inhibited by ML-18 or EMY-18, however neither
antagonist had an effect on calcium when present alone (Fig. 5).

Discussion

Lung cancer is a serious public health problem which causes approximately 160,000 deaths
in the United States annually. Traditionally lung cancer is treated with chemotherapy but the
5 year survival rate is only 16%. Thus new therapeutic agents are needed to treat lung cancer
patients. The tyrosine kinase inhibitors (gefitinib or erlotinib) for the EGFR were approved
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to treat lung cancer patients who fail chemotherapy and have EGFR mutations [16, 28].
Because only 13% of the lung cancer patients have EGFR mutations new therapeutic
approaches are needed to treat lung cancer patients with wild type EGFR. Recently we
found that GPCR antagonists improve the potency of gefitinib in lung cancer cells which
have wild type EGFR [20]. BBRs have been detected in lung cancer tumors using in vitro
autoradiographic and immunocytochemical techniques [19,30]. Here the effects of
nonpeptide BRS-3 antagonists were investigated in lung cancer cells.

ML-18 binds with higher affinity to BRS-3 than the GRPR or NMBR. Previously PD165929
and PD168368 were discovered to bind with high affinity to the NMBR but not the GRPR
or BRS-3 [8]. The structure of PD168368 is characterized by three moieties: the scaffold of
(S)-a-methyltryptophan, the 4-nitrophenylurea group and the 1-(2-pyridyl)cyclohexyl ring
system. Site-directed mutagenesis indicates that Tyr220 in transmembrane domain 5 of the
NMBR is essential for high affinity PD168368 binding [35]. The 4-nitrourea group may
interact with Tyr220 of the NMBR via hydrogen bonding. Subsequently, PD176252 was
discovered to bind with high affinity to the NMBR and GRPR but not BRS-3 [2, 11].
PD176252 differs from PD168368 in that it has a 1-(2-pyridyl-5-methoxy)cyclohexyl ring.
The methoxy group may interact with basic amino acids such as Arg287 of the GRPR via
electrostatic interactions [1]. In contrast, ML-18 has a similar structure to PD176252 but
differs from PD168368 and PD176252 in that it has a phenyl group instead of the 2-pyridyl.
Because ML-18 will have less positive charge than PD176252, due to the substitution of a
phenyl ring for the pyridine, it may interact with Phe 222 of BRS-3 by hydrophobic
interactions. Previously, it was determined that the ICgq for PD176252 was >10 puM for
BRS-3, 0.2 uM for GRPR and 0.0002 uM for the NMBR, respectively [11]. Thus ML-18
binds to BRS-3 with approximately an order of magnitude greater affinity than does
PD176252, whereas ML-18 binds with 2-orders of magnitude lower affinity to the GRPR
and 5-orders of magnitude lower affinity for the NMBR than it does PD176252.

ML-18 is a steroselective BRS-3 antagonist. Within seconds after addition of BA1 to lung
cancer cells the cytosolic Ca2* transiently increased. The increase in cytosolic Ca2* caused
by BA1 was blocked by the (S) isomer ML-18 but not the (R) isomer EMY-98. Addition of
16 uM ML-18 blocked the increase in cytosolic Ca2* caused by 10 nM BA1, however, if
100 nM and 1000 nM BA1 was subsequently added, there was a moderate and strong Ca2*
response, respectively. These results indicate that ML-18 is a reversible BRS-3 antagonist.
In contrast, ML-18 is an agonist for N-formyl peptide receptors (FPR) which are GPCR
involved in inflammatory processes [33]. ML-18 interaction with FPR1 and FPR2 increases
cytosolic CaZ* in HL-60 cells with EDs values of 15 and 10 pM. ML-18 does not increase
Ca%* in NCI-H727 or NCI-H1299 lung cancer cells transfected with BRS-3.

Recently MK-5046 was identified as a selective nonpeptide BRS-3 agonist [12, 13].
MK-5046 binds with high affinity to BRS-3 (ICgg = 0.018 uM) but not the GRPR or NMBR
[26]. Addition of 10 nM MK-5046 increased the cytosolic Ca2* in NCI-H1299 cells
transfected with BRS-3 (Fig. 1S-A). The increase in cytosolic Ca2* caused by MK-5046 was
antagonized by 16 uM ML-18 but not EMY-98 (Fig. 1S B,C). In addition the increase in
cytosolic Ca%* caused by MK-5046 was antagonized by Bantag-1, a peptide BRS-3
antagonist (Fig. 1S-D). Bantag-1 binds with high affinity to BRS-3 (IC5q = 0.001 pM) but

Peptides. Author manuscript; available in PMC 2016 February 01.



1duosnuen Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moody et al.

Summary

Page 8

not the GRPR or NMBR [26]. Thus ML-18 represents a useful nonpeptide BRS-3 antagonist
for in vitro experiments, however, for in vivo experiments new ML-18 analogs are needed
which bind with higher affinity and specificity to BRS-3.

BRS-3 regulates EGFR and ERK tyrosine phosphorylation within minutes after addition to
lung cancer cells [25]. In NCI-H1299 cells, transforming growth factor (TGF)a is released
from the cells in a Src- and matrix metalloprotease (MMP) dependent manner. The TGFa
binds with high affinity to the EGFR causing its tyrosine phosphorylation. BA1 addition to
NCI-H1299 cells transfected with BRS-3 caused FAK tyrosine phosphorylation which was
inhibited by ML-18. Preliminary data (T. Moody, unpublished) indicate that the Src
inhibitor PP2 inhibits the ability of BA1 to cause tyrosine phosphorylation of FAK, EGFR
and ERK. BRS-3 regulates EGFR and ERK tyrosine phosphorylation which is blocked by
gefitinib [25]. ML-18 inhibits tyrosine phosphorylation of EGFR and ERK caused by BA1
addition to lung cancer cells. Phosphorylated ERK can enter the nucleus and alter gene
expression. BRS-3 regulates c-fos mRNA in a MEK-dependent manner [38].

Previously, immunoreactive GRP was detected in high concentrations in lung cancer cells
[24, 39]. Because monoclonal antibodies to GRP inhibited the growth of lung cancer cell
lines, GRP was hypothesized to be an autocrine growth factor for lung cancer cells [7].
Antagonists such as PD176252 inhibited the growth of lung cancer in vitro and in vivo [22].
ML-18 inhibited the proliferation of lung cancer cells in a dose-dependent manner. Using
the MTT assay, which takes 2 days, the ICgg for ML-18 was 5 pM. Gefitinib inhibited the
growth of NCI-H1299 cells transfected with BRS-3, however, its potency was increased in
the presence of ML-18. These results indicate that BRS-3 antagonists increase the potency
of gefitinib in lung cancer cells with wild type EGFR. Previously PD168368 and PD176252
increased the potency of gefitinib in cancer cells [20, 41]. It remains to be determined if
BBR antagonists increase the potency of gefitinib in vivo. Using the clonogenic assay which
takes 2 weeks, BA1 increased NCI-H727 colony number. The increase in colony number
caused by BAL is inhibited by ML-18 and/or gefitinib but not EMY-98. These results
suggest that BA1 may increase colony number in an EGFR-dependent manner.

ML-18 is a new non-peptide BRS-3 antagonist. ML-18 inhibits binding to BRS-3, and the
ability of BAL1 to increase cytosolic Ca2*, increase EGFR tyrosine phosphorylation and
increase the proliferation of lung cancer cells, whereas EMY-98 is inactive. ML-18
potentiates the cytotoxicity of gefitinib on lung cancer cells. This represents the first report
of a nonpeptide BRS-3 antagonist and ML-18 will serve as a good lead compound to modify
and increase the affinity/specificity for BRS-3.
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Figure 1.

Rgceptor binding. The ability of ML-18 (+) and EMY-98 (M) to inhibit specific 12°1-BA1
binding to (A) BRS-3 transfected NCI-H1299, (B) GRPR transfected Balb/3T3 and (C)
NMBR transfected NCI-H1299 cells is shown as a function of ligand concentration. The
mean value = S.D. of 3 determinations each repeated in duplicate is shown; p <0.05. *; p <
0.01, ** relative to control using the Student's t-test.
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Figure 2.
Cytosolic Ca%*. BRS-3 transfected NCI-H1299 cells were loaded with Fura-2AM and the

cytosolic Ca2* determined for 4 min after the addition of (A) 10 nM BAL, (B) 16 pM
EMY-98 followed by 10 nM BA1, (C) 16 pM ML-18 followed by 10 nM BAL1, (D) NCI-
H727 cells are treated with 16 pM ML-18 followed by 10 nM BAL, 0.1 uM BAl and 1 yM
BAL. This experiment is representative of 4 others. (E) The structure of ML-18 is shown.
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Figure 3.
Western blot. BRS-3 transfected NCI-H1299 cells were treated with 0.1 pM BA1 for 2 min

in the presence or absence of varying doses of ML-18 and the P-FAK and FAK (A), P-ERK
and ERK (C) as well as P-EGFR and EGFR (E) is indicated. By densitometry analysis, the
mean % = S.D. of 3 determinations is indicated for P-FAK (B), P-ERK (D) and P-EGFR
(F); p<0.05, *; p <0.01, ** relative to the no additions control; p < 0.05, & p < 0.01, 3
relative to BAL using the Student's t-test. This experiment is representative of 3 others.
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MTT assay. The proliferation of BRS-3 transfected NCI-H1299 cells is indicated as a
function of gefitinib concentration in the presence of (O) 0, (M) 4.8, (A) 16 and () 48 uM
ML-18. The mean value + S.D. of 8 determinations is indicated. This experiment is

representative of 3 others.
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Figure 5.

Cytosolic Ca%*. NCI-H727 cells were loaded with Fura-2AM and the cytosolic Ca?*
determined for 4 min after the addition of (A) 10 nM MK 5046 (MK), (B) 16 uM ML-18
followed by 10 nM MK, (C) 16 pM EMY-98 followed by 10 nM MK and (D) 1 uM Bantag
(Ban) by 10 nM MK. This experiment is representative of 3 others.
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Table |
Binding to BBR
1Cs0, UM

Ligand BRS3 GRPR NMBR NCI-H727
BAl 0.006 +.001  0.0004 +.0001 0.0025 +.0003  0.004 +.001
EMY-98 >100 >100 >100 >100
GRP >10 0.0003 +£0.0001  0.150 + 23 >10
ML-18 48+0.6 16+£2 >100 6.4+1.1
NMB >10 0.060 + .008 0.0007 £.0001 >10

Page 18

The mean IC50 + S.D. of 3 determinations is indicated to inhibit specific 125,.8a1 binding to NCI-H727 lung cancer cells or cells transfected

with BRS-3, GRPR or NMBR.
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Clonogenic assay

Addition Colony number
None 32+4
ML-18, 1.6 uM 22+3"
EMY-98, 1.6 uM 34+3
Gefitinib, 1 uM 20+ 4"
Gefitinib + ML-18 13+ 2%
Gefitinib + EMY-98 21 +3*
BA1, 0.01 uM 6+7"
BAL + ML-18 35+2
BAl + EMY-98 44 +6°
BA1 + Gefitinib 335
BALl+ ML-18 + Gef 24 +3*

Table Il

The mean value + S.D. of 3 determinations is indicated using NCI-H727 cells;

*
p <0.05,

*

relative to no additions using the Student's t-test. This experiment is representative of 3 others.

*
p<0.01,
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