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Abstract, The accumulation of radioactive somatostatin
analog | Inlpentetreotide in non-small cell lung cancer (non-
SCLC) duning seantigruphy of patients provides a rationale
for mvestigating the efticacy of somatostatin receptoe-based
chemaotherapy in non-SCLC. Consequently, in this study, we
evaluated the antitumor effects of cytotoxic somatostatin
unalog AN-238 on HB38 human non-SCLC xenografted
into nude mice in comparison with its cytotoxic radical, 2-pyr-
rohinodoxorubicin (AN-201). The expression of messenger
RNA (mRNA) for human somatostatin receptor subtypes 2
thssty) and 5 (hsst,) in H838 cells, and tumors was also
investigated using reverse-transcription palymerase chain
reaction (RT-PCR), Somatostatin receptors on H838 twumors
were charactenzed by ligand competition assay using radio-
labeled somatostatin analvg, RC-160. Three i.v. injections of
AN-238 at 150 nmol'kg, given on days 1. 7 and 21, resulted
i a significant (p<0.05) tumor growth inhibition, the final
tumor volume being 60% smaller than 1n the controls, The
tumor doubling time was also extended significantly (p<0.05)
from 9.65£0.56 days in the controls to 17.5243.3 days. Only
one of § mice died due to toxicity. Jn contrass, cylotoxic radical
AN-201 was ineffective and more toxic, killing 2 of 7 animals,
mRNA for hsst, was found in H838 xenografls, but not in
HE38 cells from which the xenogralts onginated. Interestingly,
H838 cells grown in a special, serum-free medium did expeesy
mRNA for hsst, mRNA for hsst, was not found in any samples
tested. Binding studies demonstrated the presence of high
affinity {K, = 7.3+1.2 nM) binding sites for RC- 160 with a
mean maximal binding capacity (B,,,) 0f 953.3£45.3 fmol/my
protein, AN-238 at 3.1420.93 nM concentration displaced 50%
of radiolabeled RC- 160 binding to somatostatin recepiors In
H838 wmors, Our results indicate tha patients with inoperable
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non-SCLC may benefit from chemotherapy targeted to
somatastatin receplors based on AN-238.

Introduction

Lung cancer is the leading cause of cancer-related deaths in
the Western world and in the US alone about 150,000 people
die each year from this malignancy (1.2} The estimated
aumber of deaths due 1o lung cancer is more than 900,000
unnunlly world-wide (3). About 20% of Jung cancers are small
cell lung carcinomas (SCLC), while other types sncluding
suamous cell carcinomas, adenocarcinoma, and large cell
carcinomas, are classified a3 non-SCLC, The main treatment
modality for non-SCLC is surgery, but a high percentage of
patients present with Inoperable tumors. In addition, non-
SCLC is relatively resistant 1o chemotherapy (4). Consequently,
it is mandatory to explore new, more efficient therapeutic
modalities for the management of non-SCLC

Targeted chemotherapy 15 a modern approach for the
treatment of cancers, offering a higher efficacy and a lower
toxicity compared to standard systemic chemotherapy (5).
Cytotoxie agents can be linked to carrier molecules with high
affinity to receptors specifically expressed or nverexpressed
0n tumors (5) Based on these considerations, recenly we
developed a senies of targeted cytotoxic peplide hurmone
conjugates containing the cytotoxic agents doxorubicin (DOX),
or its derivative, 2-pyrrolino-DOX (AN-201), which is about
1000 1imes more polent (5,6). One of these conjugates,
AN-238 consists of 2-pyrrolino-DOX- 14-O-hemiglutarate
linked 1o a well characterized somatostatin octapeptide carrier,
RC-121. AN-238 was shown (0 effectively inhibit the growth
of a wide variety of somatostatin receptur-positive tumors
Including prostatic, ovarian, breast, renal, pancreatic and colon
cancers, brain tumors, SCLC, and non-SCLC (7-10),

Although the presence of somatostatin receptors on SCLC
15 well estahlished, expression of these receplors on non-
SCLC cells is somewhnt controversial. Thus, ¢lhinical studies
with non-SCLC patients revealed that scintigraphic imaging
with radiolabeled somatostatm analogs can visuahze o very
high percentage of primary lesions, but nutoradiographic
studies on eryostat sections of surgically removed specimens
show no specific binding sites for the radiotracer on tumor
cells (11,12) Ohther studies sndicate that several non-SCLL
cell lines express receptoes for somatostatin (13-17) In a
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previous study with H-157 human 0on-SCLC, we found no
miessenger RNA (mRNA) expression for human somatostatin
receptor suhtype 2 (hsst;) und subtype 5 (Rssy), but tumors
grown from these cells in nude mice showed o high affinity
binding of radiolabeled RC-160 (18). Because the tumors
expressed the mRNA for mouse S8t it was assumed that the
receptors are expressed by fumor vasculiture | 1§), Treatment
of these tumors with AN-238 induced a >90% growth
inhibition. Denzel and Reubi also found high affinity binding
sites for somatostatin i peritumoral blood vessels in varous
tumoes including non-SCLC {19), and growing vascular endo-
thelial cells were shown to express sst, (201, Collectively,
these findings suggest that somatostatin receptors assoviated
with non-SCLC could be used for targeted therapy by cyto-
toxic somatostatin analogs such as AN-238,

In this study, we demonstrate the efficacy of targeted
chemotherapy with AN-238 in yet another human non-SCLC,
H838, xenografted into nude mice. We also reveal interesting
expression patterns of hsst, in these cells grown i virro and
in vivo In mice.

Materials and methods

Peptide and cytotoxic agents. The somatostaun octapeptide
analog RC-121 (D-Phe-Cys-Tyr-D-Trp-Lys-Val-Cys-Thr-
NH,) was synthesized in our laboratory 25 described (21).
The cylotoxic conjugate AN-238 was made by coupling one
molecule of 2-pyrroling-DOX- 14-0-hemiglutarate to the NH,
terminus of [Lys{Fmoc)|RC-121 followed by deprotection
and purification (7). The cytotoxic tadical AN-201 was
prepared as described (6), For the injection, the compounds
were dissolved in 20 pi of 0,01 N acetic acid and diluted with
5% (wiv) agueous D-mannitol (Sigma, St. Lous, MO).

Cell line. animals and tumors, Human non-SCLC cell hine
NCI-H838, was obtained from American Type Culture
Collection (Manassas, VA).and minntained in culture using
Dulbecco's modified Eagle's medium (DMEM) with 100 Ufml
penicillin, 100 pg/mi streptomycin, 0.25 pg/ml ampheteriin B,
2 mM L-glutamine (all from Invitrogen, Carlsbad, CA) and
10% fetal bovine serum ( Atlanta Brologicals; Norcross, GA},
Some HE38 cells were grown to 85% confluence and washed
from the media described above followed by the addition of a
‘serum-free NLE medum in which the cells were grown for
4% h. These cells were used only for the determination of
mRNA expression for hsst, The N E medium used consists
of DMEM with 2 mM L-glutamine, | jig/m trarsferrin, 30 nM
selenium, 20 nM progesterone and 100 uM putrescine (22)
and 2 mixture of protease inhibitor cocktarl P 1860 (Sigma,
51, Lows, MO Al media components were from Gibeo,
(Gaithersburg, MD} or Sigma

Male athymic (Ner nw/su) nude mice, approximately 6
weeks old on arrival, were obtuined from the National Cancer
Tnstitute (Frederick Cances Research and Development Center,
Fredenck, MDY, and housed in laminar air-flow cabinets
under pathogen-free conditions with 3 12-h hght/12-h dark
schedule. and fed autoclaved standard chow and water ad
Titntum. Xenografis were imtiated by s.c. imection of 15x10%
HS38 cells into the right flanks of § male nude mice. Tumors
resulting after S weeks were aseptically dissected. mechanically
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Figare | The effeces of cytolonic somatostaiis anakig ANC2IR amd cylonocic
radical AN-201 on the grawtls of s.¢. xenografts of HB33 pan-SCLC tumoey
In nude mice T consisting of 3 b injections of the respeciive
compounds a1 150 nmolkg of BW. way staried when the tumor volume
reached an average of 77 mm' (amows indicate the days of injections verncal
turs shaw SE: “p=0.05 ce “"p<048 v5. control)

minced, and 3-mm’ pieces of tumor lissue were trunsplanted
s.c, wilh a trocar needle, All experiments were cartied out in
sccordance with institutional guidelines (or animal care,

Experimental protocols. The study was started when wmors
had grown to an average of 77 mm? in volume. The animals
were randomly divided into three groups: group |, control,
composed of 7 mice received vehicle solution; group 247
mice), was given ¢ytotoxic radical AN-201; and group 3.
consisting of 8 mice, was mjected with gytotoxic somatu.
statin conjugate AN-238. The injections were admimstered
through the jugular vein on days 1, 7. 21. The Cytotoxic
compounds were given at a dose of 150 nmolfkg of body
weight (BW). Tumor volume (length x width x height x
0.5236) and BW were measured twice o week. Five days
after the injections of the cytowxic compounds or vehicle,
blood samples were collected from the tul ven using the
Unopetle microcollection kit {Becton Dickinson, Franklm
Lakes. NI to determine the total leukocyte (WHC) counts
The expenment was terminated on day 36, The mice wers
cuthanized under anesthesia. tumors were excised and weighed,
Tumor specimens were snap-frozen and stored at -0°C
unti! the extraction of {otal RNA for reverse transcription-
polymerase chain reaction (RT-PCR), and receptor hinding
studies Tumor volume doubling time was calculated between
duys | and 36 using the formuia as described by Smolev et af
(23):

Days of treatment

|_lug (final vol) - log (mital volume)/log2

Evaluation of toxicity. General toxacity was evaluated on the
basis of WBC, mortality rate and changes in BW,

Histologic metheds. Samples of tumor tissues were fixed in
10% buffered-formalin, The specimens were embedded in
Paraplast (Oxford Labware, St. Loms; MO). Six pm thick
sections were cul and stained with hematoxylin-eosin. Mitotic
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fable 1 The effects of eytotoxic analog of somatostatin AN-238 and its eytotoxic radical AN-201 (n nude mice bearing H838

non-SCLC wmors,

Groups and [nitratl tumor Final tumor volume {mm*) Tumor doubling Tumor weight
treatment® volume (mm™) (% inhibition) time (days) (mg)
Control 783342287 98227421673 9.6540.56 9804203
AN-201 77.06£13.36 781 764101.64 (20) 11.28%1.2 8502138
AN-238 171251747 383.46£100.15" (60) 17.52£ 3.3 460108

“Three Lv. injections of 150 nmobkg of BW of each compound were given on days |, 7. 23 The experiment was terminated oa day 36 The

valuos are mwears + SE. "ped 05 vs. contral. “p=0.05 vs. control,

and apoptatic cells were tounted in 9 standard high power
microscopic fields containing an average of 330 cells, and
their numbers per 1,000 cells were accepted as the mitotic
and apoptotic indices, respectively For the determination of
the extent of necrosis in tumors, the crossing points of a
mecroscope ocular net that coincided with necrosts in the
stide made a1 the largest cross-section of each wmar were
counted The ratio of these points 10 the number of all points
above the tumor represented the percentage area of pecrosis.
For demonstration of the nucleolar organizer region {NOR)
in tumor cell ruclei, the AgNOR method was used (24). The
sifver-stained black dots in 50 cells of each tumor were
counted and the AgNOR number per cell was calculated.

RNA extraction and RT-PCR. Total RNA was isolated using
the Stratagene MicroRNA Isolation Kit uccording 10 the
manufacturer's instractions (Stratagene, La Jolla, CA).
Following precipitation. RNA samples were quantified by
spectrophotometry at 260 and 280 om, First-strand ¢cDNA
was reverse-transcribed from total RNA and resulung cDNA
transcripts were PCR-amplified using the GeneAmp RNA
PCR Core Kit (Perkin-Elmer, Noewalk, CT) with gene-specific
primers for 8-actin or GAPDH (internal control), hsst, and
hssty as described (185, Aliguots.of 15 pl of each amphification
reaction were electrophoretically separated on a | 8% ngarose
gel, stained with ethidium bromide, and visualized under
UV hight on a transilluminator. Negative controls containing
RNA were run in parallel to confirm that samples were not
contaminated with genontic DNA

Receptor binding assays. Binding of somatostatn octapepride
RC- 160 10 somatostatin receptors an tumor membrane
preparations was determined with higand competition assays
using ‘¥-labeled RC-164), as reported (25). Receptor binding
affinity of ¢ytotoxic somatostatin analog AN-238 to tumor
membranes was measured in displacement experiments
based on competitive inhibition of *[-RC-160 binding using
various concentrations of AN-238 (105-10"7 M), IC,; value
was calculuted with a computerized curve fitting program
and 15 defined as the concentration of AN-238 causing S0%
inhibition of **1-RC-160 binding (26)

Statistical analysis The histologic data were evaluated by one
way analysis of variance (ANOVA) ind the treated groups
compared to the control by Dunnett's test. Tumor volumes and

weights are expressed as mean £ SE. Differences between
mean values were evaluated by two-tatled Student's t-test.
p<0.05 being considered significant.

Results

Inkibition of tumor growth. The sudy in vive was designed
to compare the antitumor effects and toxicity of cytotoxic
somatostatin analog AN-238 and its cytotoxic radical AN-
201 in H838 non-SCLC. A treatment regimen consisting of
three i.v. injections of AN-238 at 150 nmolkg of BW produced
a strong tumor growth inhibition (Fig. 1). The inhibitory
effect of AN-238 was evident within 12 days and became
significant from day 23. Five weeks after the imtation of the
treatment, the tumor volume in the animals given AN-238
was 383.46£100.15 mm?, which is significantly (p<0.05}
smaller than that in the control group, which measured
952.27+216,73 mm’. This represents a 60% growth inhibition
(Table 1) In contrast, the tumors in mice treated with an
equimolar dose of AN-201 grew steadily and measured
781.762101.64 mm’ at the cnd of the experiment {20%
inhibition vs. the control group), The weight of AN-238-
treated non-SCLC tumors (4604108 mg) was also significantly
lower compared with that of the controls (980% 203 mg;
p=0.05) or the group given AN-201 (850£138). Treatment
with AN-238 significamily prolonged the tumor doubling
time from 9.6540.56 10 17.5243,3 days (p<0.05).

Toweity. Two of 7 animals (28%) were dead in the group that
receaved AN-201, but only [ of 8 animals (12%) died after
treatment with AN-238. The mice treated with three injections
of AN-238 or AN-201 at 150 nmolkg showed similar changes
in BW (Fig. 2). The greatest decrease in BW was observed
between days 12 and 23 The greatest decrease in WBC was
between days 13 and 28 in the treated groups (p<0.0] vs,
control), At the end of the expeniment, the BW and WBC
counts in both groups were not significantly different from
the control group {Table IT).

Histology. Histologically, HS38 cancer is an undifferentiated
wmaor consisting of relatvely large cells having round and
pale nucles with i few nucleol. Some scattered large muiti-
nuclear cells can be alse seen. Most tumors showed extensive
focal or confluent necrosis. The quantitative histologic data
are shown m Table I11,
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using ‘¥-labeled RC-164), as reported (25). Receptor binding
affinity of ¢ytotoxic somatostatin analog AN-238 to tumor
membranes was measured in displacement experiments
based on competitive inhibition of *[-RC-160 binding using
various concentrations of AN-238 (105-10"7 M), IC,; value
was calculuted with a computerized curve fitting program
and 15 defined as the concentration of AN-238 causing S0%
inhibition of **1-RC-160 binding (26)

Statistical analysis The histologic data were evaluated by one
way analysis of variance (ANOVA) ind the treated groups
compared to the control by Dunnett's test. Tumor volumes and

weights are expressed as mean £ SE. Differences between
mean values were evaluated by two-tatled Student's t-test.
p<0.05 being considered significant.

Results

Inkibition of tumor growth. The sudy in vive was designed
to compare the antitumor effects and toxicity of cytotoxic
somatostatin analog AN-238 and its cytotoxic radical AN-
201 in H838 non-SCLC. A treatment regimen consisting of
three i.v. injections of AN-238 at 150 nmolkg of BW produced
a strong tumor growth inhibition (Fig. 1). The inhibitory
effect of AN-238 was evident within 12 days and became
significant from day 23. Five weeks after the imtation of the
treatment, the tumor volume in the animals given AN-238
was 383.46£100.15 mm?, which is significantly (p<0.05}
smaller than that in the control group, which measured
952.27+216,73 mm’. This represents a 60% growth inhibition
(Table 1) In contrast, the tumors in mice treated with an
equimolar dose of AN-201 grew steadily and measured
781.762101.64 mm’ at the cnd of the experiment {20%
inhibition vs. the control group), The weight of AN-238-
treated non-SCLC tumors (4604108 mg) was also significantly
lower compared with that of the controls (980% 203 mg;
p=0.05) or the group given AN-201 (850£138). Treatment
with AN-238 significamily prolonged the tumor doubling
time from 9.6540.56 10 17.5243,3 days (p<0.05).

Toweity. Two of 7 animals (28%) were dead in the group that
receaved AN-201, but only [ of 8 animals (12%) died after
treatment with AN-238. The mice treated with three injections
of AN-238 or AN-201 at 150 nmolkg showed similar changes
in BW (Fig. 2). The greatest decrease in BW was observed
between days 12 and 23 The greatest decrease in WBC was
between days 13 and 28 in the treated groups (p<0.0] vs,
control), At the end of the expeniment, the BW and WBC
counts in both groups were not significantly different from
the control group {Table IT).

Histology. Histologically, HS38 cancer is an undifferentiated
wmaor consisting of relatvely large cells having round and
pale nucles with i few nucleol. Some scattered large muiti-
nuclear cells can be alse seen. Most tumors showed extensive
focal or confluent necrosis. The quantitative histologic data
are shown m Table I11,



