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Abstract, We evaluated the effectiveness of targeted cyto-
toxie analog of somatostatin (SST) AN-238, consisting of
Z-pyrrolinodoxorublein (AN-201) linked covalently 1o SST
octapephde carnier RC<121 in DU-145 human androgen-
independent prosiate cancers xenografted into nude mice, We
also investigated the expression of mRNAs for SST receptor
subtypes 2A and 5 {sst., and ss1,) in DU- 145 tumors. After
8 weeks of treatment, AN-238 practically arrested the
proliferation of DU-145 cancers. The tumor volume in nude
mice that received 4 injections of AN-238 at the dose of
150 nmol/kg was 63.446.7 mm’, nearly 4 times smaller
than that mn controls which measured 249 {436.3 mm’
(p<.00L). Treatment with AN-238 lowered tumor weight by
63% (p<0.01) compared with the control group and extended
the tumor volume doubling ime to 184 1169 .4 days. versus
32 1266 days n controls (p<0,05). No toxicity-related
deaths nccurred during treatment with AN-238, Cytotoxic
radical AN-Z01 administered alone or in an unconjugated
mixture with carmer RC-121 inhibited the growth of DU- 145
tumors nnly after the third and fourth injection and was toxic
The expression of mRNA for ssty, and sst, was detected in
all specimens of control DU-145 tumors and i tumors
treated with AN-238 The present study demonstrites the
high efficacy of SST-receptor-targeted chemotherapy in a
model of human andrugen- independent prostatic carcinoma.

Introduction
In spite of a significant refinement 1n early detection of

prostate cancer, spproximaredy 10-20% of patients present
with metastatic lesions at the time of diagnosis (1.2). In
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addinon, lecally advanced cancer 15 found i nearly one-half
of surgically treated patients with clinically organ-confined
wmors (2,3). In recurrent or advanced discase, all therapies
based on androgen deprivation can produce 4 climeal
remission, but will not prevent the ultimate progression to
an androgen-refractory stage (4). No effective treatment 15
currently available for androgen-independent prostate cancer
(5.6), because of its intrinsic chemoresistance and antiapoptotic
mechanisms, although some clinical response can be achieved
with combined regimens of docetaxel, estramustine and
carboplatin (7) To improve the effectiveness of chematherapy
we introduced a new therapeutic approach based on targeted
delivery of cytotoxic agents using peptide carriers for which
receplors are present on neoplastic cells (8.9).

The successful use of radiolabeled somatostaun (SST)
analogs for imaging and treatment of various SST receptor-
positive tumors and demonstration of SST receptors on
surgical specimens of prostate cancer {10-18) provide a
rationale for testing the effectiveness of modem cytotoxic
SST analogs in prechimcal models of androgen-independent
prostate cancers. Because these cytotoxic SST conjugates
retain the receptor binding affinity of thewr peptide carriers
(19.20), 1t is assumed that the uptake of these compounds
from the bloodstream. mediated by SST receptors, should
lead 1o thewr selective accumulation within the tumor As a
result, these agents may overcome multidrug resistance
charactenistic of these cancers (9) Thus, i previous work
with rat Dunning R-3327 AT-1 and human PC-3 hormone-
independent prostatic carcinomas that express SST receptors
(20,21), we showed that cytotoxic analog of somatostatin
AN-238 (19), consisting of 2-pyrrolinodoxorubicin (AN-201)
linked covalently to SST ociapeptide ¢armer RC. 121 (22,23,
strongly mhibits tumor growth in vivo, and increases the
incidence of apoptosis. [n both models, cytotoxic radical
AN-201 was ineffectave and toxic (20,21). Our recent work
indicates that more than 66% of locally advanced prostate
cancers express SST receptors (18). To further corroborate
the usefulness of AN-238 for the turgeled therapy of prestate
cancers, in the present study we evaluated its effecnveness i
DU-145 human androgen-independent prostate cancer, which
has a higher proliferative potential than the previously
used PC-3 cell line (24), We also imvestigated the expression
of mRNAs for SST receptor subtypes in DU. 145 cancers,
and the binding affinity of targeted analog AN-238 1o SST
receptors on the tumor membranes.
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Materials and methods

Pepuides and cytotoxic agent. The SST analog RC-121 (D-Phe
Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-NH,) was synthesized in
our laboratory (23). The cytotoxic conjugate AN-238 was
made by coupling one molecule of 2-pymrolinodoxorubicin. 14-
{-hemuglutarate to the amino terminus of [Lys{Fmoc)*IRC-121
followed by deprotection and purification (19) Cytotoxic
radical AN-201 was prepared as described (22). Before 1.y,
injection, the compounds were dissolved in 20 pl of 0.1 N
acetic acid and diluted with 6% (weight/volume} agueous
D-mannitol {Sigma Chemscal Co., St. Louis, MO) solution.

Cell line and animals, DU-145 human androgen-independent
prostatic carcinoma cell line was obtained from the Amencan
Type Culture Collection (Manassas, VA) and maintained n
culture as described (25). Male athymic (Ner nw/nu) nude
mice, approxunately six weeks old on armival, were obtained
from the National Cancer Institute (Fredenick Cancer Rescarch
and Development Center, Frederick, MD) and housed 1n
laminar airflow cabimets under pathogen-fres conditions with
12-h light/12-h dark schedule and fed autoclaved standard
chow and water ad libltum, All expeniments were performed
n accordance with institutiona! guidelines for animal care,

Expertmental protocol. Subcutaneous xenografis of DU-145
prostate cancer were smtited by injection of 5x 10¢ cells into
the nght flanks of four nude mice. Resulting tumors were
transplanted subcutaneously into nude mice as described
previously (25). When the xenografts reached 45.50 mm’
in size, mice were randomly divided into five groups for
treatment with cytotoxic SST analog AN-238 (n=8), cytotoxic
radical AN-201 (n=T), carnier SST analog RC-121 (n=35),
unconjugated mixture of AN-201 and RC-121 (n=$), or
vehicle solution (controls, n=T), On day 1, all compounds
were administered through the jugular vein at the dose of
150 nmol'kg. The treatment was repeated on days 11, 21, and
42, Tumor volumes (length x width x height x 0,5236) and
body weights were recorded weekly. Total leukocyte count
(WBC} was determined manually on day |4 using Unopette
microcollection kit (Beckton Dickinson, Franklin Lakes, NJ),
Eight weeks after the initiation of the treatment, mice were
cuthanized and wmors were excised and weighed. Inhibition
of tumor growth was calculated using the following formula-
100% % (TV0l pun s T VOt TVOL i Whese TVol = Final
tumor volume - Initial tumor volume. Tumor specimens were
snup-frozen and stored at -70°C until preparing membranes
for receptor assay and extracting RNA for RT-PCR,

RNA solatton and reverse transcription-polymerase cham
reaction (RT-PCR). Expression of sst,,, ssty, and hGAPDH
(internal control) in DU- 145 tumors was examined by RT-PCR
using gene-specific pnmers for ssty, (sense: 5“ATGGACA
TGGCGGATGAGCCACT-3', antisense. 5 TACTGGTTTG
GAGGTCTCCATTGA-3'), sst, (sense: 5-CGTCTTCATCA
TCTACACGG-3', anusense: 3-GGCCAGGTTGACGATGT
TGA-3). as descnbed previously (18.21). Plasmids containing
cDNA for ssty, or ssty were used as positive control, PCR
products were separated clectrophoretically on 8% poly-
acrylamude gel and stained with siver
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Figure | The effect of cytotoxic SST analog AN-235 and its compoaents on
the growih of DU-145 androges. mdependent p ancer in nude mace.
All componunds were administered 1.v. at 150 nrobkg oo days |, 11,21, and
42 (Arrow indicates the day of injection; Bars indicate SEM; ‘p<th 05 vs.
control: “p<) 01 vs. comtrol. "peO 01 vs congol)

Receptor binding assay. Binding of octapeptide RC- 160 1> SST
receptors on wumor membrane preparations was determined
with ligand competition assays using '“l-labeled RC-160.
as reported (18,25), Receptor binding affinity of cytotoxic
SST analog AN-238 to tumor membranes was measured in
displacement experiments based on competitive inhibition of
B1-RC- 160 binding using various concentrations of AN-238
(105-1012 M). IC, value was calculated with a computerized
curve fitting program and is defined as a dose of AN-238
causing S0% inhibition of **[-RC- |60 binding (26)

Stanstical analysis. The data are expressed as the mean = SE.
The statistical analyses were performed using the two-tailed
Student's t-test, p<0.05 being considered significant.

Results )

In vivo studies. Treatment with cytotoxic SST analog AN-218
or its components, radical AN-201 and carner RC- 121, was
started when subcutaneous DU-145 tumors had grown 1o a
volume of 40-50 mm’ The compounds were administered
on days 1, 11, 21, and 42 at the dose of 150 nmolkg The
inhibitory effect of AN-238 on tumor growth hecame
significant as early as one week after the first injection as
shown in Fig. 1. During the remaining seven weeks of
treatment, AN-238 pracucally arrested the proliferation of
DU- 145 cancers, as revealed by a 93.9% (umor growth
Inhibition, At the end of the experiment, the mean tumor
volume in mice recerving AN-238 was 63.426.7 mm', being
about 4 times smaller, than that in controls, which measured
249.1436.3 mm® (p<0.0N1). Treatment with AN-238 extended
the tumor volume-doubling time to 184 14692 days,
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Table [ The effect of cytotoxic SST analog AN-238 and its componenis AN-201 and RC-121on the growth of DU-145 human

prostate cancer in nude mice.

Temor volume (mm?)

Group and treatmens* Initial Fimal Lumor growth  Tumor volume doubling Tumor weight
(% nhibition}  inhibaton® % time (days} (mg) (% mhibition)
Control 475452 24912363 32.146.6 134.7£20 1
AN-201, 40473 1263309 574 57.8¢158 §724248
4x150 nmol’kg (49 (35)
RC-121, 4861109 21134454 19.4 27.1£3.6 135+44 |
4x150 nmol/kg (15)
Mixture AN-201 and RC-121 492468 110532094 69.6 50.614.2 632814.1F
4x 150 nmol/kg each (56) (53)
AN-238, 50.1£5.2 63.4£6.7° 939 184.1269.4¢ 42 746"
4%1 50 nmol/kg (75) (68)

“The compounds were adminsstered i v on days 1. 1L, 21, and 42 "The inhubition of lumor growth was calculated by the following formula:
100% & ATVl 0 - ATVl VTVOl . where ATVol = Final tumor volume - Initial tumor volume. sp<0.05 vs. control, “p<0.01 vs

control *p< 0.001 vs. control.

Table 1. The tolerance to cytotoxic SST analog AN-238
and i1 compoaents in nude mice bearing s.c. xenografts of
DU~ 145 human prostate cancer.

Group Mortality* Final body  WBC on day |4
(%) weight {g)  {counts/mm’) and
and (% loss) (% reduction)
Control w6 327413 86684877
AN-201 47 27.341.8° 250243024
(5T (16.5) {71)
RC-121 s 314510 825041224
Mixture AN-201 144 27.3:1.6" 25302411
and RC-121 (20 (16.5} (7
AN-238 (V8 27540.5¢ 196143514
(15.3) (MM

‘Number of dead mice/total mumber reated, *p<0.05 vs. contrpl.
p<0 01 vs. control. “p<0.001 vs. control

versits 32.126.6 days in controfs (p<0.05). Tumor weight
was similarly lowered by 68% (p<0.01) compared with the
control group (Table 1), No toxicity-related deaths occurred
during the trearment with AN-238_ and the final body

weights were decreased by approximately 15% compared
with the controls,

Cytatoxic radical AN-201 administered alone or in an
unconjugated mixture with carfier RC-121 significantly
reduced the growth of DU-145 tumors only after the third
and fourth injection (Fig. 1). At the end of the experiment,
the final tumor volume in mice receiving AN-201 was 49%
smaller (p<0.01) compared with the controls, and a 56%
(p<0.01) reduction in tumor volume was also found m
animals treated with an unconjugated mixture of AN-201
and RC-125 (Table 1). However. these antitumor effects
were accompanied by high mortality. Four of 7 mice in the
AN-201-group and 1 of S animals that received the mixture.
died of toxicity (Table 11). The mean body weights of
surviving mice in both groups were about 16% lower than
those in the control group. After the second injection. a
marked decrease in WBC count was observed in mice
receiving AN-238, AN-201 alone, or the mixture of AN-201
and RC-121, Neuther antitumor effects nor toxicity were
observed in mice treated with the camer peptide RC-121

Expression and hinding affinity of somatastatin receplors
The expression of mRNA for ssty, and sst; was detected in
ull specimens of control DU-145 tumors and 1n tumors
treated with AN-238. Two weeks after the fourth injection
of AN-238, the levels of mRNA for sst,, and sst; did not
differ significantly from the control group (Fig. 2} Binding
studhes with radiolabeled RC-160 showed a single class of
specific, high-affinity (K, = 8.182063 aM), moderate-
capacity (B, = 114254107 5 fmol/mg protein) binding sites
on membranes of DU-145 tumors. Nesther the affinity (K, =
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Figure 2 The expression of mRNA for sst,, and i, subtypes of $5T
recepeors in DU-145 human androgen-independent prostate cancer as
revealed by RT-PCR analysis. Representative samples from the costrol
group or from animals treaged with cytotonic analog of SST AN-238 are
shown mRNA for human GAPDH (isternal contro)) was detected i all
tamors. M, molecal sker N, negative coatrol

7.3120.96 nM). nor the binding capacity (B, = 1126.7489.5
fmol/mg protein), was affected by treatment with AN-238
compared with SST receptor characteristics in control tumors.
The concentration of cytotoxic SST analog AN-238 required
to inhibit the binding of |"*I)RC-160 by 50% (IC,;) was
15.840.1 nM, indicating 2 high binding affinity of AN-238 10
SST recepuors.

Discussion

Anthracycline antibiotics such as doxorubicin and
daunorebicin are among the most powerful anticancer agents
endowed with activity against a broad spectrum of epithelial
cancers. After an i.v, administration, these low molecular
weight compounds are reachly distributed 10 nearly all body
compartments imcluding tumor tissue (27). Because the
antitumor efficacy of anthracyclines depends on their
concentration in ncoplashc lissue, various approaches were
tried to- modify their pharmaco-Kenetics in order 10 achieve a
more intense and selective delivery to the tumor. Most of
these approaches are based on the passive intratumoral
retention of large-molecule formulations of doxarubiin, such
45 lrposames or pulymer carrier conjugates (28,29).
Alternatively. doxorubicin or its denvatives can be linked o
peptide carviers for targeted delivery to cells that express their
respechive receptors (3,9). Receptor-mediated uptake and
mternalization of cytotoxic peplide analogs should allow a
higher accumulation of cytotoxic compounds in recepior-
posttive cancer cells and thus may overcome the mechanisms
of chemuresistance (9,30)

The presence of SST recepiors was detected in a high
percentuge of human primary prostate cancer specimens (18)
About 80%F of tumors express sst, as revealed by RT-PCR,
while 70% express ssty and only 30% are positive for sst, In
metastatic lesions. the predominant subly pes 0f SST receptors
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ApPeir 10 be sst, und sstg 114,15). The presence ol sst, and ssi,
subtypes in DU (45 model. demonstrated in the peesent study
corresponds 1o the patiern of SST reveptor suby ypes detevied
previously in PC-3 prastate cancer i21), Thus, in repard b the
expression and properties of SST receptors, DU 135 and PC.3
madels can be considered representative Of metastatse lesyons
of prostate cancer, from which these two lines were ungmatly
denved, High affinsty binding sites tor SST octapeptade
analog RC-160 and its radiolobeled derivatives were ulsis
detected in PC-3 and DU-145 androgen-independem Prostule
cancer cell lines (13,16.25). We showed that cytotonse analog
AN-238 binds with high-affinity to the membranes of DU-145
lumors which 1s in agreement with the results for RC-160,
obtained by radioligand binding assay. This implics that In s
clinical setting, the targeted SST analog AN-238 should uls.
preferentially bind to disseminated cancerous lesions.

In a previous study we reported that cytotoxic SST analog
AN-238 strongly inhibited the growth of PC-3 human
hormone-independent prostate cancers, while its unconjugared
radical was ineffective and toxic (21). A good tolerance 10
two applications of AN-238 at 150 nmol/kg 1n nude mice
bearing PC-3 tumors and the preservation of tumoral SST
receptors after the treatment encouraged us to escalate the
dosuge regimen. Thus, in the present study with DU-145
human hormone-independent prostate cancer, we doubled
the cumulative dose of AN-238, applying four injections at
150 nmol/kg. This schedule was even more effective than
that in PC-3 model, virtually arresting the growth of DU-145
tumors, After eight weeks of treatment with AN-238, wumor
growth was inhibited by 93% and tumor-volume doubling
fime was extended 6.fold Partial responses were also
observed in mice receiving equimolar doses of AN-201,
either as a single drug or in an unconjugated mixture with the
carrier peptide RC-121. However, the third and the fourth
injection of AN-201 caused a severe loss in bady weight
and led to animal deaths. A narrow ‘therapeutic window’
for 2-pyrrolinodoxorubicin {AN-201) is characteristic of
intensely potent dauncsamine-modified doxorubicin
denivatives (31), and was also observed in other studies with
vanous models of human prostatic cancer (21,32). Thus, an
increased antitumor activity of AN-238 and tolerance to the
treatment can be attributed to targeted delivery of the drug to
tumor cells expressing SST receptors.

A good tlerance to the cumulativd dose of 600 nmolikg
of conjugate AN-238, as opposed to high mortality caused by
radical AN-201, indicates that targeted chemotherapy with
cytotoxic analogs of SST s less 1oxic and permits a dosc
escalation. However, some unspecific side effects, such as
myelosuppression, can be stll observed in nude mice treated
with cytotoxic SST analog AN-238 (9.21.133) We showed
previously that, as a result of high activity of serum carboxyl-
esterases in nude mice. the ester bond linking the ¢ytotoxic
moiety (o the carner peptide can be partally hydrolyzed in
the blood stream before the targeting is completed (9,34)
Because the stability of our cytotoxic analogs 1n human
serum is approximattely six times higher than that in mouse
serum (34), it is expecied that in patents the iolerance 1o
targeted anifogs will be better than in nude mice In previous
experiments, we did not obseive a specific toxicay of cyio-
toxic SST unalogs 1u urgans thar express SST receprors, such
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as the puwitary gland or Kidneys (33), DNA-intercalating
cytotoxic radicals, such as 2-pyrrolinodoxorubicin (AN-201),
affect manly cells with a high mitotic activity, and the
damage to well-differentiated cells with slow turnover ratio
Is probably smaller than thar inflicted on neoplastic ussue. In
addition, the resting cells in the gastrointestinal tract can
cventually replace the damaged cells, restoring the normal
urgan funcsion. Accordingly, clinical studies showed only
low-grade toxicity to the pituitary, kidneys. and the bone
marcow after administration of high doses of radiolabeled
SST analogs to cancer patients (17). Moreover, an appropnate
hormonal replacement therapy can further alleviate a possible
dysfunction of the endocrine and alimentary systems.

In conclusion. the present study demonstrates a high
efficacy of cywotoxic SST analog AN-238 in a model of
human androgen-independent prostate cancer. Our results
suggest that chemotherapy with AN-238 targeted 10 SST
receptors on tumors might improve the management of
prostate cancer patients with metastatic disease. who no
longer respond 1o androgen ablation.

Acknowledgments

This work was supported by The Medical Research Service
of the Veterans Affairs Depariment, CaP CURE Foundation
Research Award, and a grant from Zentaris AG (Frankfun
am Main, Germany) to Tulane University School of
Medicine (all 1o AV S.),

References

Potosky AL, Miller BA, Alberison PC and Kramer BS: The ole
of mereasing detection in the nsing incidence of prostase cancer.
J Am Med Assoc 273: 548-552, 1995

2. Stenner I1. Rosenbloom M and Crawford ED. Treatment of
advanced {(stage T1-ANXM+) prostate cancer. In Prostatc
Diseases Lepor H (ed) W B. Sanders Co, Philadelphia,

509-521, 2000.

- Middieton RG, Smith JA Jr, Melzer RB and Hamilion PE:
Panent survival and local reccurence rate following radical
mc;zumomy for prostatic carcisoma. J Urol 136: 422-424,
19

4. Schally AV and Comaru-Schally AM: Hypothalamic and other
pepude hormanes In: Cancer, Medicine. Bast RC Jr, Kufe DW,
Pallock RE, Weichsetbaum RR, Holland JF and Frei E [1] (eds).
Sth edition. B.C. Decker Inc.. Levinsion NY, pp715-729, 2000,

S Wartenberg M, Frey C, Dredershagen H. Ritgen J, Hescheler J
and Sauer H: Development of an intrinsic p-glycopratein.
meshated doxorubicin resistance in quiescent layers of large.
multicellular prostate tumor spherods. Int J Cancer 75; 855-863,
199§, -

G Denmeade SR, Lin XS and lsascs JT; Role of programmed
{apoptotic) cell death during the gxogrcsslon and therapy for

prostate cancer Prostate 28 251-265, 1996,

<Oh WK and Kantoff PW: Management of hormane refractoey
prostate cancer current standards and future prospects. J Urol
160 £220-1229, 1995,

- Schally AV and Nagy A. Chemotherapy targeted w hormone
receptors on tmors. Eur J Endocrinol 14 114, 1999

. Nagy A and Schally AV: Targeted cylotoxic somatostatin
analogs: a modem approach to the therapy of various cancers
Drugs Future 26 261-270, 2001.

10. Reubi IC, Waser B, Schaer JC and Markwalder R: Somatostatin

receptars 1n human prostate and prostate cancer J Chin

Endocnnol Metab 80 2806-2814, 1995

Sinist AA, Bellastella A. Prezioso D, Nicchio MR, Lot T,

Swlvatore M and Pasqualy 1. Dafferent expression patterns of

somatostatin recepeor subtypes in cultured epathelial cells from

human normal peostate und prostate cancer | Chin Endocrinol

Metab 82 2566.2569. 1997

L)

-4

‘e o

-

12 Reubs JC, Krenning EP, Lamberts SWJ and Kvals L! {1 vitro
detection of somatostatin receptors in human nimoes. Melabolism
41 (Suppl. 2): 104-110, 1992

I3 Thakur ML, Kolan H, Li J, Wiaderkiewicr R, Pallela VR,
Duggaraju R and Schally AV. Rudiolabeled sematostatin
analogs in peostate cancer. Nuel Med Biol 24 105-113, 1997

14 Nilsson S, Reubi JC, Kalkner KM, Laissue JA, Horisberger U,
Olerud C and Westlin JE: Metastatic hormone-refractory
prostalic adenocarcinoma EXpresses SOmardsLalin receptars and
is visualized in vava by |!''laj-labeled DTPA-D-|Phe’|-
octeeotide scintigraphy. Cancer Res 35 (Suppl. 233 $805s.
5810s, 1995

I5. Kalkner KM, Nilssan S and Westin JE. ["'In-DTPA-Phel]-
octreatide scintigraphy in patients with hormane-refraciory
prostatic adenocarcinoma can predict therapy outcome with
u;g:ot& treatment: 2 pilot study. Anticancer Res 18: 5135186,
1998,

16. Zamora PO, Gulhke S, Bender H, Diekmann D, Rhodes BA.
Bieesack HJ and Knapp FF Ir Expenimental radiotherapy of
Teceplosr-positive human prostate adenocarcinoma with
IRe-RC-160, a directly labeled somatostann analogue Int J
Cancer 65: 214-220, 19%6

17, Otte A, Mueller-Brand I, Dellas S, Nitzsche EU, Herrmann R
and Maecke HR: Yttrium-90-labeled somatostatin-snalogue for
cancer treatment, Lancet 351: 417-4(8, 1998,

18 Halmos G, Sdulli AV, Sun B. Davis R, Bostwick DG and
Plonowski A: High expression of somatostatin recepiors and
mRNA for its receptor subtypes in organ-confined and locaily
advanced human prostaie cancer. I Clin Endocrinol Metab 85
25642571, 2000

19. Nagy A, Schally AV, Halmos G, Armatis P, Cai R-Z. Csernus V,
Kovacs M, Koppan M. Szepeshazi K and Kahn Z: Synthesis
and biological evaluation of cytotoic analogs of somatostazin
cootaining doxorubicin or its intensely potent derivative, 2-
p;;r:h xorubicin. Proc Natl Acad Sci USA 95 1794-1799,
1998,

20. Ko M, Nagy A, Schally AV, Arencibia IM, Plonowski A

Halmos G' Targeted cytotoxic analogue of somatostatin
AN-238 inhibits growth of andragen-indepeadent Dunning
R-3327-AT-1 lale cancer in rats at pon-loxse doses Cancer
Res 58: 41324137, 1998

21. Plonowski A. Schally AV, Nagy A, Sun B and Szepeshazs K-
Inhibitson of PC-3 human androgen-independens peostate cancer
and its metastases by cytotoxic somalostalin analog AN-238.
Cancer Res 59; 194721953, 1999,

22. Nagy A. Armatis P and Schally AV. High yield convession of
doxorubicin to 2-pyrrolisedexorubicin, an analog SO0-1,000
himes more potent; structure-activity relatonsgup of daunosamine-
modified derivatives of doxorubicin. Proc Natl Acad S&i ['SA
93: 2464-2469, 1996.

23 Ca1 RZ, Szoke B. Fu D, Redding TW. Colaluca J, Torres-
Alerman | and Schally Adt: Synthesis and baological activaty of
highly potent m:l:‘xg:i analogs of somatostatn Proc Natl
Acg:d Sci USA 83: 18961900, 1956.

24. Tang DG, L3 1, Chopea DP and Porter AT Extended survivatyliny
of prostate cancer cells in the absence of trophic factars
increased proliferation, evasion of apoptosis, and the rale of
apaplosis proleans. Cancer Res 58: 346663479, |98,

25, Pinski ), Halmos G und Schally AV: Somatostatin analog
RC-160 and bombesin/gastrin-relcasing peptide antagonist
RC-2095 inhibut the growth of androgen-inéspendent DU- 145
buman prostate cancer lsne in nude mice. Cancer Lett 71 13996,
1993,

26 McPherson GA Analysis of radioligand binding experiments. A
collection of computer programs for the IBM PC | Pharmacol
Meth 14: 213.228, 1985,

27. Lankelma J, Dekker H, Luque FR, Luykx S, Hoekman K, van
der Valk P, van Diest PI and Pineda HM- Doxorubicta gradients.
in human breast cancer, Clin Cancer Res S: 17031707, 1949,

28. Vuage J, Donovan D. Uster P and Working P: Tumaur uptake
of doxorubicin in polyethylene glycol-coated liposomes and
therupeutic effect against a xenografted human pancreatic

- carcinoma. BrJ Cancer 75: 482.486, 1997

29. Forssen EA, Malé-Brune R, Adler-Moore JP. Lee MIA,
Schmidt PG, Krasieva TB, Shimizu S snd Tromberg BJ
Fluorescence imaging stedies for the disposition of dauno
rubicin liposomes (Dauno-Xome) wittun tumor nssue Cancer
Res 56: zgg?rzon 1996



402 PLONOWSKI et al i yvivo TARGETING OF CYTOTOXIC SST ANALOG TO PROST. ATE CANCER
.

30. Keebs LJ, Wang X, Pudaver HE, Bergey EJ, Schally AV, 33 Plonowski A, Schally AV, Nagy A, Kians H. Hehert ¥ and
d

Nagy A. Prasad PN and Liebow C. Regulation of targeted Halmos G: Inhibition of metastatic renal cell carcinomas
chemotherapy with ?toloxic LH-RH analog by epidermal OXPIESSING somatostatin receptors by a targeled analogue of
growih factor. Cancer Res 60 41944199, 2000 somatostatin AN-238. Cancer Res 60: 2096-3001, 2000

31 Ripamonti M, Pezzoni G, Pesent E, Pastor: A, Farao M, 14 Nagy A, Plonowski A and Schally AV: Stability of cytotaxic
Bargiotti A, Suarato A, Speeafico F and Grand: M: Jn vivo anti- luteinizing homlonbrclusinf) hormone conjugate {AN-152)
fumor activity of FCE 23762, a methoxymorphotiny derivative containing doxorubicin-14- -hemiglutarate in mouse and

of doxorubicin active on doxonubicin-resitan lumour celis. Br J huran sera in virro: implications for the design of preclinical
Cancer 65: 703-707. 1992, studies. Proc Natl Acad Sci USA 97: 829.334, Lix;w
32 Plonowsk: A, Schaily AV, Nagy A, Groot K, Krupa M,
Navone NM and Logathets C- Inhibitior of in vive proliferation
Of MDA-PCut-2b human prostate cancer by a targeted cytotoxic
analog of lutetnizing hnnnonc-relensiu; hormane AN-207,
Cancer Letters (In Press),



