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Targeted cytotoxic analogue of bombesin/
gastrin-releasing peptide inhibits the growth of H-69
human small-cell lung carcinoma in nude mice

H Kiaris, AV Schally, A Nagy, B Sun, P Armatis and K Szepeshazi

Endocrine, Polypeptide and Cancer Institute, Veterans Affairs Medical Center, 1601 Perdido Street and Section of Experimental Medicine,
Department of Medicine, Tulane University School of Medicine, New Orleans, LA 70112, USA

Summary Recently, we developed a powerful cytotoxic analogue of bombesin AN-215, in which the bombesin-like carrier peptide
GIn-Trp-Ala—Val-Gly-His-Leu-%¥(CH,-NH)-Leu-NH, (RC-3094) is conjugated to a potent derivative of doxorubicin, 2-pyrrolinodoxorubicin
(AN-201). Small-cell lung carcinomas (SCLCs) are known to express high levels of bombesin receptors. We evaluated whether these
receptors could be used for targeting cytotoxic bombesin analogue to H-69 SCLC cells. H-69 cells were xenografted into male nude mice,
which then received an intravenous injection of AN-215, cytotoxic radical AN-201, the carrier peptide RC-3094 alone or unconjugated mixture
of RC-3094 and AN-201. The levels of mMRNA for bombesin receptor subtypes were evaluated by reverse transcription-polymerase chain
reaction. In vitro, both the analogue AN-215 and the radical AN-201 showed strong antiproliferative effects on H-69 cells, AN-215 requiring
more time to exert its action at 10-® m concentration than AN-201. In vivo, the growth of H-69 SCLC tumours was significantly inhibited by the
treatment with 200 nmol kg of AN-215, while equimolar doses of the cytotoxic radical AN-201 or the mixture of AN-201 and the carrier
peptide were toxic and produced only a minor tumour inhibition as compared with control groups. mRNA for bombesin receptor subtypes 2
(BRS-2) and 3 (BRS-3) was detected in H-69 tumours. The mRNA levels for BRS-3, but not for BRS-2, were lower in the AN-215-treated
tumours as compared with controls. Our results demonstrate that the cytotoxic bombesin analogue AN-215 could be considered for targeted
therapy of tumours, such as SCLC, that express bombesin receptors. © 1999 Cancer Research Campaign
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Lung cancer is the leading cause of cancer-related deaths in thignificantly inhibits the proliferation of SCLC in vivo and in vitro
Western world. Small-cell lung carcinoma (SCLC) accounts for(Pinski et al, 1994; Koppan et al, 1998). Molecular cloning
about 20% of all cases of lung cancer (lhde, 1995). Although theevealed the presence of three distinct bombesin receptors in
introduction of modern chemotherapeutic agents and improvetlumans. Bombesin receptor subtype-1 (hGRPR/BRS-1) binds
techniques in radiotherapy increased the survival rate of SCL@astrin-releasing peptide (GRP), and hNMBR/BRS-2 is preferen-
patients, there is a continued need for the development of novially activated by neuromedin B (Mon Schrenck et al, 1989;
therapeutic strategies. The use of targeted cytotoxic analogu&pindel et al, 1993). BRS-3 is considered an orphan receptor
represents a modern approach to the treatment of various canceecause its natural ligand remains unknown (Fathi et al, 1993).
because it may improve tumour inhibition and decrease the toxiFhe existence of a fourth subtype of bombesin receptor (BRS-4)
city (Schally and Nagy, 1999). Typically, targeted agents consist dfias also been predicted in mammals, after the identification of
a toxic moiety conjugated to a ligand possessing a high affinity foBRS-4 in frogs (Nagalla et al, 1995). Bombesin receptors belong
tumour cells. Certain molecules such as enzymes, antigens, tw the superfamily of the seven-transmembrane domain receptors
receptors that are expressed predominantly on the surface afd are involved in signal transduction pathways by hydrolysing
cancer cells may be used as targets to increase the selectivity ®TP (Spindel et al, 1993) and stimulating the expressionfas c-
therapy (Pastan and FitzGerland, 1991). and cjun mRNAs (Draoui et al, 1994).

SCLC is a neuroendocrine tumour. Many SCLC tumours and Considering that bombesin receptors have been detected in
cell lines express high levels of bombesin-like peptides and/capproximately 95% of SCLCs (Toi-Scott et al, 1996), these
specific high-affinity binding sites for bombesin. An autocrine rolebinding sites could be used for targeting of cytotoxic bombesin
for bombesin-like peptides in stimulating the growth of someanalogues. Thus, we recently developed a cytotoxic analogue of
SCLC tumours has been suggested (Cuttitta et al, 1985; Moodyombesin AN-215 (Nagy et al, 1997), which consists of a potent
et al, 1985; Moody and Cuttitta, 1993; Pinski et al, 1994; Kopparytotoxic derivative of doxorubicin (DOX), 2-pyrrolino-DOX
et al, 1998). Chronic treatment with bombesin antagonist¢AN-201) (Nagy et al, 1996), covalently linked to the carrier

octapeptide RC-3094 (GIn—Trp—-Ala—Val-Gly—His—L&8{(EH,-
NH)-Leu-NH) (Nagy et al, 1997). AN-215 shows high affinity to

Received 29 January 1999 bombesin receptors on Swiss 3T3 cells and it retains the anti-
Revised 4 May 1999 proliferative effect of its cytotoxic moiety (Nagy et al, 1997).
Accepted 5 May 1999 NCI-H-69 cell line is an important model of SCLC and when
Correspondence to: AV Schally xenografted into nude mice expresses bombesin receptors. In this
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study we evaluated the antiproliferative activity of the cytotoxicExperimental protocol

bombesin analogue AN-215 in vivo and in vitro. NCI-H-69 cells growing exponentially were implanted into three

male nude mice by subcutaneous (s.c.) injection btdlls in the
MATERIALS AND METHODS right flank. Tumours resulting after 8 weeks in donor animals were
aseptically dissected and mechanically minced. Thregpieces of
tumour tissue were transplanted (s.c.) by trocar needle into 50 mice
Cytotoxic radical 2-pyrrolino-DOX (AN-201), the bombesin- under methoxyflurane (Metofane, Pittman-Moore, Mundelein, IL,
like carrier analogue GIn-Trp-Ala—Val-Gly—His—L&¥CH,- USA) anaesthesia. Three weeks after transplantation, when tumours
NH)-Leu-NH, (RC-3094) and the cytotoxic bombesin analoguereached a volume of approximately 45 fnmice were randomized
2-pyrrolino-DOX-140-hemiglutarate linked to the amino and divided into five experimental groups of 5-7 animals each,
terminal  of  GIn-Trp—-Ala—Val-Gly—His—Le$4{(CH,-NH)— which received the following treatments as a single i.v. injection:
Leu-NH, (AN-215) were synthesized in our laboratory asgroup 1, control, vehicle solution (5% mannitol); group 2, cytotoxic
described (Nagy et al, 1997). Before the intravenous (i.v.yadical AN-201 at a dose of 200 nmotkgyroup 3, unconjugated
injection, the compounds were dissolved in 5% (w/v) aqueousnixture of the cytotoxic radical AN-201 and the carrier RC-3094 at

Peptides and cytotoxic radical

D-mannitol solution (Sigma, St Louis, MO, USA). a dose of 200 nmol k§ group 4, cytotoxic analogue AN-215 at a
dose of 200 nmol k& group 5, carrier peptide RC-3094 at a dose of
Cell lines 200 nmol kg All experiments were approved by the institutional

ACUC and the procedures were essentially in accordance with

The human SCLC cell line NCI-H-69 was obtained from - . ) .
. . K R | 1 for th If f | -
American Type Culture Collection (ATCC, Manassas, VA, USA) ;egtglcneogplflads?z;nes (1998) for the welfare of animals in experi

and cultured in RPMI-1640 medium supplemented with 10% feta
bovine serum (FBS), 2m glutamine, penicillin (100 U mi),
streptomycin (10Qug mi) and amphotericin B (100U i) at  Histological methods

: o o~ o
?ol(lz n a humidified 354 a|kr|/5A) c:rbon t_d|o|><|de atmtOSp(;]e:(eTumour samples were processed as described (Szepeshazi et a

ells were passaged weexly and routinely: monitorec Or1992). The extent of necrosis was evaluated with the point-
mycoplasma contamination using a detection kit (Boehringer

Mannheim, Mannheim, Germany). All culture media componentscouming method on tumour slides stained with haematoxylin and
' . ’ eosin (H&E). For the measurement of the number of mitotic and
were purchased from Gibco (Grand Island, NY, USA). ( )

apoptotic cells, ten high-power fields were considered and the
numbers of mitotic and apoptotic cells per 1000 cells (mitotic
MTT assay and apoptotic indices) were calculated in H&E-stained slides.

The assay was performed as described (Plumb, 1989). Briefly,

cells were seeded into 96-well microplates and cultured for 18 FRNA extraction

ﬁ;lsrllg ;nf@éNléOMl Vé%r:tri?iiﬂjfe;hr?e;?\?égn;:'rll'élgar;(;?j?ucrin:mtal RNA was isolated using the RNAzol B reagent (TEL-TEST,
alone. HITES medil.Jm contained RPMI-1640 plus M wgiut- Inc., Friendswood, TX, USA) following the manufacturer’s
aminé 10 mi HEPES (Gibco, Grand Island, NY, USA)ug mi- instructions. The quantity and the quality of the RNA was
insulin, 10ug mk?! transferrin, 30 m sodium selenide, 10w»n ?Ssgsseg Dby>ip8e)ctrophotometry at 260nm and 280 nm
hydrocortisone, 10m B-oestradiol, all from Sigma (St Louis, D-6/0-Dgp> 1.8).

MO, USA). After 72 h of culture, the medium was removed and

200pl HITES containing 8Qug MTT [3(4,5-dimethylthiazol-2yl)-  Reverse transcription

2,5-diphenyl tetrazolium bromide; Sigma] was added. The . . _
microplates were incubated for 4 h at°@7in darkness. The One microgram of total RNA was added in a test tube containing
medium was removed, cells were washed twice with RPMI-164¢0 ™ Tris—HCI (pH 8.3), 50 m potassium chloride (KCI),
and 20Qul dimethyl sulphoxide (DMSO: Sigma) was added ® ™ magnesium chloride (MgQl 1mw each of deoxyribo-
followed by 25l of Sorensen’s glycine buffer (Ou.glycine plus ~ Nucleoside triphosphate, 2/ random hexamers, 1 U RNAase
0.1m sodium chloride, pH 10.5). After a brief mixing, the plates'nh'b'tor and double-distilled water in a final volume of {19
were read at 540 nm on the plate reader (Beckman, Palo Alto, cA0llowing heating for 10 min at 88 and quenching on ice, 2.5U

USA). Results were calculated as % T/C, where T = opticaMOloney murine leukaemia virus reverse transcriptase (Perkin-
density (OR,,.) of treated cultures (HI'IlES medium plus Elmer, Norwalk, CT, USA) were added and the reaction mixture
40 ni

AN-201 or AN-215) and C = Op, . of untreated cultures was incubated for 10 min at room temperature following incuba-
(HITES medium alone). o nm tion at 42C for 1 h. The reaction was terminated by heating at
95°C for 5 min and quenching on ice.

Animals

Five- to 6-week-old male athymic (Nau/ny nude mice were Polymerase chain reaction (PCR) amplification

obtained from National Cancer Institute (NCI; Bethesda, MD,One microlitre of the cDNA was amplified in a fDsolution
USA). The mice were housed in sterile cages under laminar flowontaining 10 mi Tris—=HCI (pH 8.3), 50 m KCI, 1.5 mm MgCl,,
hoods in a temperature-controlled room with a 12-h light/12-i200um of each dNTP, 2.5 JagDNA polymerase (Perkin-Elmer,
dark schedule and were fed autoclaved chow and water ad libiturhlorwalk, CT, USA) and 0.4 mn of each primer. The primers
Their care was in accord with institutional guidelines. used were BTCCTCTGACTTCAACAGCGACACC-3 and
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polyacrylamide gel, stained with silver and quantified densitometri-

1000
cally using a scanning densitometer (Model GS-700, BioRad, CA,
.' gﬁ"ggi USA) coupled with the BioRad PC analysis software. The mRNA
| —A—- Carrier+AN-201 levels of each bombesin receptor subtype were normalized versus the
800 —¥- AN-215 corresponding levels of hGAPDH.
— -4 Carrier
jg Statistical analysis
3 The data are expressed as the mieare.m. Statistical evaluation
; of data was performed by Studentgest (two-tailed) and
§ Duncan’s multiple range test. The SigmaPlot computer software
= (Jandel, San Rafael, CA, USA) was used for preparation of
figures.
RESULTS

Anti-tumour effects and toxicity

Administration of a single i.v. injection of cytotoxic bombesin
analogue AN-215 produced a significalRt{0.05) growth inhibi-
tion of NCI-H-69 SCLC xenografted into nude mice (Figure 1).

Time (days)

Figure 1  Changes in tumour volume in athymic nude mice bearing
subcutaneous xenografts of H-69 SCLC after treatment with 200 nmol kg of

cytotoxic bombesin analogue AN-215, cytotoxic radical AN-201, Twenty-eight days after the injection the tumour volume in the
unconjugated mixture of AN-201 and the carrier peptide RC-3094, or the animals treated with AN-215 was significantly reduced to
carrier peptide RC-3094. Vertical bars show s.e.m. *P < 0.05 vs control. .

tThree mice in the AN-201-treated group died during the fourth week of 242.2+ 86.9 mnt (P < 0.05) (Table 1) as compared with the
treatment and the volume of tumours recorded on day 21 is shown control group which measured 81#206.5 mni. Tumour inhibi-

tion produced by the treatment with an equimolar dose of AN-201

(Figure 1 and Table 1) was not significant and accompanied by
5-TCTCTCTTCCTCTTGTGCTCTTGG-3for human glycer- high toxicity; five of six animals were dead in the AN-201-treated
aldehyde-3-phosphate dehydrogenase (hGAPDH), 5-ATTTGgroup, while only one of six mice died in the AN-215-treated
GCAGGATTGGCTGC-3and 5>TGAGGCAGATCTTCATCAG-3  group before the termination of the experiment. A high toxicity
for BRS-1 (GRP receptor, GRPR),-GGGACTCTGCTG- was also found in the group that received the unconjugated
GAAAGGA-3 and B3GACGTCTGCATGTCCATGG-3 for mixture of AN-201 and carrier RC-3094, five of seven mice being
BRS-2 (neuromedin B receptor, hNMBR) andGETCTGTG-  dead 28 days after the treatment. Administration of the carrier
GTTTCTAACG-3 and 53CTGCCTTGTATCTGTCAGC-3 for peptide was not toxic, but had no significant tumour inhibitory
BRS-3 (Sun and Schally, in preparation). Samples were denaturededfects. A significant loss of body weight occurred in all groups
94°C for 5 min and then subjected to 40 cycles ¢f®#br 1 min injected with cytotoxic agents. The reduction in body weight
(denaturation), 5Z for 1 min (annealing) and 72 for 1 min produced by AN-215 was smaller and of a shorter duration than
(extension) for BRS-1 and BRS-3,°@for 30 s, 62C for 30 s and  that caused by radical AN-201. The body weights in the surviving
72°C for 30 s for BRS-2 or 26 cycles of‘@lfor 35 s, 58C for 40 s  animals recovered within 2 weeks after the injection (Figure 2).
and 72C for 40 s for hGAPDH, followed by a final extension at
72°C for 5 min using a Perkin-Elmer DNA thermal cycler modelHistology
2400. The number of cycles was determined in preliminary experi-
ments to be within the exponential range of PCR amplification. Fivehe quantitative histological data are shown in Table 2. There was
microlitres of each PCR product were electrophoresed in an 8%n increase in the apoptotic index and the percentage area of

Table 1 Effect of a single intravenous injection of 200 nmol kg cytotoxic bombesin analogue AN-215, cytotoxic radical AN-
201, carrier peptide RC-3094 and mixture of RC-3094 and AN-201 on tumour volume, tumour weight and animal mortality in
athymic nude mice bearing H-69 SCLC, recorded 28 days later

Substance Initial tumour Final tumour Tumour burden Number of deaths/
volume volume (mg g ! body weight) number of all
(mm?) (mm?) animals
Control 42.3+7.8 817.9 £ 206.5 31.2+7.2 0/6
AN-201 43.4+£6.11 a a 5/6°
AN-201 + RC-3094 40.7+7.3 687.1 + 276.8 30.2+7.9 517
AN-215 38.2+4.8 242.2 + 86.9* 105+3.7 1/6
RC-3094 35.4+8.9 616.8 + 103.3 22.7+1.7 0/5

aFour mice were alive on day 21, but 3 died before day 26 and the volume of tumours recorded on day 21 was 253 + 63.2.
The only surviving mouse was sacrificed on day 26 and thus no data on the tumour burden are available. "Deaths until day
26 when the last surviving animal was sacrificed (see also footnote a). *P < 0.05 vs controls.
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Table 2  Effect of treatment with cytotoxic bombesin analogue AN-215 on some histological characteristics of H-69 SCLC

xenografted into nude mice

Substance % area of necrosis Mitotic index Apoptotic index Ratio of apoptotic

in tumours to mitotic indices
Control 18.1+7.0 8.65 +0.35 7.0+2.0 0.82£0.26
AN-215 27.4+10.9 11.4+0.10 115+21 1.01+£0.18
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Figure 2 Changes in body weight of athymic nude mice bearing
subcutaneous xenografts of H-69 SCLC after treatment with 200 nmol kg
of cytotoxic bombesin analogue AN-215, cytotoxic radical AN-201,
unconjugated mixture of AN-201 and the carrier peptide RC-3094, or the
carrier peptide RC-3094. Vertical bars show s.e.m. *P < 0.05 vs control,

**P < 0.005. TThree mice in the AN-201 treated-group died during the fourth
week of treatment and the body weight recorded on day 21 is shown
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necrosis in tumours of the mice treated with AN-215 as compared
with the tumours in the control group. Although the mitotic index
was elevated in the tumours of the AN-215-treated mice, the ratio
of apoptotic to mitotic indices remained higher than in the
controls. However, the differences between the tumours from the
control and the AN-215-treated mice were not statistically signifi-
cant, probably because the cytotoxic agent was administered
28 days before the histological analysis was performed.

Antiproliferative effect in vitro

The antiproliferative effects produced by the cytotoxic radical
AN-201 and the cytotoxic bombesin analogue AN-215 in H-69
cells cultured in vitro were assessed by the MTT assay. H-69 cells
were exposed to the cytotoxic agents at various concentrations for
periods of 1 min to 24 h. AN-201 and AN-215 had no effect at
10°wm, while at 10" m these cytotoxic agents had similar antipro-
liferative activity (Figure 3A). However, when H-69 cells were
exposed to the compounds at a concentration §M,0AN-215
required more time than AN-201 to produce a comparable
inhibitory effect (Figure 3B). After 24 h, however, their antipro-
liferative effect was no longer discernible (Figure 3B).

—@— 10°mAN-201

—l - 10°%mAN-215

TIC (%)

Time(h) log scale

Figure 3  Effect of cytotoxic bombesin analogue AN-215 and cytotoxic radical AN-201 at 10" m (A) and 10 M (B) on the growth of H-69 SCLC in vitro.
Results are expressed as the percentage of the number of cells found after the treatment with the cytotoxic agents compared to the number of the untreated

cells. Vertical bars show s.e.m. from two independent experiments

© 1999 Cancer Research Campaign
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Figure 4 Polyacrylamide gel electrophoresis of reverse-transcribed and subsequently PCR-amplified mRNAs for BRS-3 (A) and hGRPR/BRS-1 and
hNMBR/BRS-2 (B) in H-69 SCLC xenografted into nude mice. The bands for corresponding levels of hGAPDH are also shown (A). M, molecular weight DNA
marker; P, positive control; 1-4, untreated tumours; 5-8, AN-215-treated tumours. All PCR amplification reactions yielded products of the expected size which
were 158 bp for BRS-1, 484 bp for BRS-2, 375 bp for BRS-3 and 207 bp for hGAPDH. No expression of BRS-1 was detected, but the mRNA for BRS-2 and
BRS-3 were identified.

Expression of mRNA for bombesin receptors H-69 tumours express mRNA for BRS-2 and BRS-3 but not for
BRS-1. It has been suggested that the pharmacological properties

The levels of mRNA for bombesin receptor subtypes i s i _
hGRPR/BRS-1, hNMBR/BRS-2 and BRS-3 were analysed ing}( BRSig’g%e d'sltmgtrgrs?m tlhose ?ngStjn?QSrERSffo(n':/'amfgeet
H-69 SCLC tumours of control and AN-215-treated animals, . : gy,

AN-215-treated group expressed lower levels of BRS-3 as

(Figure 4). Four tumours from each group were used for th?;ompared to the controls. This could be the consequence of tumour

analyses. mRNA for hNGRPR/BRS-1 was not found in the Contro|nhibition or a direct result of the interaction between the cytotoxic

grRtgz Aal::]-g1ggr§t€t3tec\1,\,;limggtr:ét23t tgiﬂ‘;?gﬁqgﬁf;?;':’g‘sfo ombesin analogue and the BRS-3 receptor. Considering that the
RT-PCR products revealed that hN.MBR/BRS-Z MRNA gx res(_freatment consisted of a single i.v. injection of the cytotoxic

. P . . : P analogue 28 days before the mMRNA analysis, the down-regulation
sion was 0.4& 0.03 arbitrary units (a.u.) in the control group and f the BRS-3 may be interpreted as a consequence of the tumour

0.41+ 0.03 a.u. in the AN-215-treated group, the decrease of 1402 o : . .
being not significant. The levels of BRS-3 were Q4204 a.u. in inhibition rather than a direct result of the interaction between the

the control and 0.450.04 a.u. in the AN-215-treated group corre- cytotox_ic bombesin analogue and_ the BRS-_S recgptor. A down-
sponding to a 31% reductioR € 0.05). regulation of BRS-3 due_ to endocrine effects is unllkely_because a
low dose of the bombesin analogue AN-215 was used in a magni-
tude of nanomoles. Thus, it is more likely that the down-regulation
DISCUSSION of BRS-3 is a result of the suppression of the tumour growth,
Although some progress has been made in the treatment of SCL@)plicating BRS-3 as well as its unknown natural ligand in the
the overall therapeutic results are not satisfactory and the develogutocrine stimulation of the H-69 SCLC. However, these findings
ment of novel treatment modalities is required. In the present studyggarding the role of BRS-3 in the growth H-69 SCLC should be
we evaluated the antitumor effects of targeted cytotoxic bombesieonfirmed by more detailed studies. Furthermore, an interaction of
analogue AN-215, in nude mice bearing xenografts of the humatie cytotoxic bombesin analogue AN-215 with receptors other
SCLC cell line H-69. A single i.v. injection of 200 nmol-kg than the three known subtypes of bombesin receptors should be
AN-215 inhibited significantly the growth of NCI-H-69 tumours also considered as a possibility (Nagalla et al, 1995; Orosz et al,
for at least 28 days and caused the death of only one of six animal€95).
In contrast, treatment with AN-201 or a mixture of AN-201 and In receptor-targeted chemotherapy, the cytotoxic moiety must
RC-3094 was ineffective and induced 71-83% mortality amongetain the anti-tumour activity after conjugation to the carrier
experimental animals within 4 weeks after the injection. The groupeptide. We have previously demonstrated (Nagy et al, 1996) that
treated with the carrier peptide showed no inhibition of the tumouAN-215 preserves the cytotoxic activity of AN-201 in vitro.
growth. 2-Pyrrolino-DOX (AN-201) is a daunosamine-modified derivative
Histological evaluation revealed that tumours from mice treateedf DOX which is 500—1000 times more potent than DOX in vitro.
with AN-215 showed increased apoptotic index and more exterln vitro, AN-201 inhibited growth of cultured NCI-H-69 cells
sive necrosis as compared to the control group. faster than AN-215 (Figure 3). This is probably due to differences
High binding affinity of the receptor ligand is required for in the mechanism of action of these cytotoxic agents. AN-201
efficient targeting of the tumour. The cytotoxic bombesin analogueould enter the cells by passive diffusion, as described for DOX,
AN-215 has been shown to displace binding &®l-Tyr4] while AN-215 may require an interaction with the bombesin
bombesin to receptors on Swiss 3T3 cells at nanomolar concentrigceptor in order to exert its cytotoxicity. In vitro, a difference in
tions with aK; value of 1.6 m (Nagy et al, 1997). Previously we the cytotoxicity between AN-201 and AN-215 could be demon-
demonstrated that isolated membrane fractions of H-69 tumostrated at 1@ wm. Addition of 16°m AN-201 had no effect, and
cells growing in nude mice display high-affinity binding for 107 m AN-201 caused the death of approximately 60% of cells
[*24-Tyr“lbombesin (Pinski et al, 1994; Koppan et al, 1998). In thiswithin 1 min of treatment. If the delay in the effect of AN-215 as
study, molecular biology analysis at the mRNA level showed thatompared to AN-201 at a concentration of®d0was due to the

British Journal of Cancer (1999) 81(6), 966-971 © 1999 Cancer Research Campaign



Treatment of SCLC with cytotoxic bombesin analogue 971

deconjugation of the cytotoxic radical AN-201, we should havePraoui M, Chung P, Park M, Birrer M, Jakowlew S and Moody TW (1995)
also observed a retardation in the action of AN-215 at a dose of E"”l%ess'{‘;tz'g“;'a;;;mand cjun mRNAs in small cell lung cancer cells.
; . . ) ) _ ) eptidesl6: 289-
107 m. In addition, in co-cultured H-69 _SCLC and H-157 non Fathi Z, Corjay MH, Shapira J, Wada E, Benya R, Jenesen R, Viallet J, Sausville EA
SCLC cells that do not express bombesin receptors, AN-215 Was  and Battey JF (1993) BRS-3: a novel bombesin receptor subtype selectively
targeted selectively to the bombesin receptors-positive H-69  expressed in testis and lung carcinoma c2IBiol Chen268 5979-5984
SCLC cell line (Kiaris and Schally, in preparation). Ihde DC (1995) Small cell lung cancehestl07. 243-248
Dose-limiting toxicity for AN-201 is essentially based on the 0PPan M. Haimos G, Arencibia JM, Lamharzi N and Schally AV (1998)
h t ietic toxicit d th . tol ted d . | Bombesin/gastrin-releasing peptide antagonists RC-3095 and RC-3940-
aemal 9p0|_e IC toxicity, an € maximum tolerate 95e N male innibit tumor growth and decrease the levels and mRNA expression of
nude mice is between 175 and 200 nmot* KBlonowski, et al, epidermal growth factor receptors in H-69 small cell lung ca@zercer83:
1999). In this study AN-215 was less toxic than AN-201, but its ~ 1335-1343 _
maximum tolerated dose was similar to that of AN-201, abou?"amgy,sg'l"é;beé "t'tc' S;'”é E, SEESOQEA' Rya”RiFé’lg;‘;“é?” TK, Sef}”e;_Rﬁ'
1 ) ) pindel ER, Battey JF, Coy DH and Jensen iscovery of a hig
200 nmol kg - In contrast, 309 nmol kgm AN-215 was well . affinity radioligand for the human orphan receptor, bombesin receptor subtype
tolerated by Copenhagen rats in a most recent study (A Plonowski 3, which demonstrates that it has a unique pharmacology compared with other
et al, unpublished data), while 115-125 nmotkd§ AN-201 was mammalian bombesin receptoisBiol Chem272 26062-26071
lethal (Schally and Nagy, 1999). A very similar toxicity pattern Moocliy TW and Ct;ttittaF (1993) Growth factor and peptide receptors in small cell
. . . _lung cancerlLife Sci52 1161-1173
213?88 four;d. In theAEIazglofBour CytOtoAX’\llCngpat?Stkat:jntarﬁlOguet%WOOdy TW, Carney DN, Cuttitta F, Quattrocchi K and Minna JD (1985) High
'Con f”“mng - - because - IS linked to the pept e affinity receptors for bombesin/GRP-like peptides on human small cell lung
carriers in these analogues through an ester bond, hydrolytic cancerLife Sci37: 105-113
cleavage of these conjugates by carboxylate esterase enzymes (E@alla SR, Barry BJ, Creswick KC, Eden P, Taylor JT and Spindel E (1995)
3.1.1.1) can occur in blood and in target tissues. These enzymes Cloning of a receptor for amphibian [Pfleombesin distinct for the receptor

R e . for gastrin-releasing peptide: identification of a forth bombesin receptor
are ubiquitous and show low substrate specificity. The half-lives of subtype (BB4)Proc Natl Acad Sci USB2: 6205-6209

cytotoxic peptide conjugates containing DOX-Q@4emiglutarate  nagy A, Armatis P and Schally AV (1996) High yield conversion of doxorubicin to
or 2-pyrrolino-DOX-140-hemiglutarate such as AN-215 in 2-pyrrolinodoxorubicin, an analog 500-1000 times more potent: structure—
serum of mice, rats and humans were found to be about 10, activity relationship of daunosamine-modified derivatives of doxorubirioc

. : : Natl Acad Sci USA3: 2464—-2469
30 and 120 min rESpeCtlvely (P|0n0V\(SkI et al, 1999)' A beneq\lagy A, Armatis P, Cai R-Z, Szepeshazi K, Halmos G and Schally AV (1997)
tolerance of AN-215 by rats than by mice as compared to AN-201 Design, synthesis, and in vitro evaluation of cytotoxic analogs of bombesin-
may be due to the lower esterase activity in rats than in mice. like peptides containing doxorubicin or its intensely potent derivative, 2-
A less-pronounced esterase activity in blood may allow a more pyrrolinodoxorubicinProc Natl Acad Sci US84: 652-656
effective targeting of the cytotoxic Conjugate to receptor-positiveprosz A, Schrett J, Nagy J, Bartha L, Schon | and Nyeki O (1995) New short-chain

fi Besid the t I . | _ analogs of a substance-P antagonist inhibit proliferation of human small-cell
Issue. besides he tumour cells, vanous normal, non-cancerous lung-cancer cells in vitro and in vivint J Cancer60: 82—-877

cells in the central nervous system, lung, or the gastrointestinghstan I and FitzGerald D (1991) Recombinant toxins for cancer treaSuismce
tract express high levels of receptors for bombesin. As our 254 1173-1177
previous studies on the toxicity and efficacy of cytotoxic somatoPinski J, Schally AV, Halmos G, Szepeshazi K, Groot K, O'Byme K and Cai R-Z
statin analogue AN-238 indicate. these cells may not be irre- (1994) Effects of somatostatin analogue RC-160 and bombesin/gastrin

. " . g X . releasing peptide antagonists on the growth of human small-cell and non-small-
versibly damaged by the DNA-intercalating antiproliferative cell lung carcinomas in nude midx J Cancer70: 886-892
agent, 2-pyrrolino-DOX (AN-201), or the resting cells may bepionowski A, Schally AV, Nagy A, Sun B and Szepeshazi K (1999) Inhibition of
able to reproduce the damaged cells (Plonowski et al, 1999). PC-3 human androgen-independent prostate cancer and its metastases by
Because the esterase enzyme activity is lower in human beings ©ytotoxic somatostatin analog AN-23Bancer Res5d: 1947-1953

th . dent better t ti fth totoxi t lumb JA, Milroy R and Kaye SB (1989) Effects of the pH dependence of 3-(4,5-
an in rodents, an even better targeting or the cytotoxic agent to Dimethylthiazol-2yl)-2, 5-diphenyltetrazolium bromide-formazan absorption

receptor-positive tissue can be expected in humans. on chemosensitivity determined by a novel tetrazolium-based &aager

This is the first report on the anti-tumour effects of targeted  Res49: 4435-4440
cytotoxic analogue of bombesin AN-215 in human SCLC-derivedschally AY agd ’t‘]aély dA (¥99311(13hf”£2thefapy targeted to hormone receptors on

: : H : tumors.Eur ndocrinoll41 1-

cell line. Our results demonStrat.e that in .nUde mice beal’m%pindel ER, Giladi E, Segerson TP and Nagalla S (1993) Bombesin-like peptides: of
xenografts of H-69 SCLC, cytotoxic bombesin analogue AN-215 ligands and receptorRecent Prog Horm Rei: 365-391
shows higher tumour inhibitory activity and lower toxicity than its szepeshazi K, Milovanovic S, Lapis K, Groot K and Schally AV (1992) Growth
cytotoxic moiety AN-201. Our results suggest that tumours inhibition of estrogen independent MXT mouse mammary carcinomas in mice
expressing bombesin receptors, such as SCLC, could be treated treated with an agonist or antagonist of LHRH, an analog of somatostatin or a

using taraeted cviotoxic bombesin analoques combinationBreast Cancer Res Treat: 181-192
9 9 Y 9 ' Toi-Scott M, Jones CL and Kane MA (1996) Clinical correlates of bombesin-like

peptide receptor subtype expression in human lung cancercelts Cancer
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