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Abstract

Nude mice bearing xenografts of HT-29 human colon cancer cell line
were treated for 4 weeks with a |n-1 rp"| agonist of luteinizing hormone

releasing hormone (LH-RH), somatostatin analogue (RC-160), and bom-
besin/gastrin releasing peptide antagonist (RC-309S). Some inhibitory
effect of [D-Trp'| LH-RH microcapsules releasing 25 fig/day on tumor

growth was observed that could be due to sex steroid deprivation, but the
inhibition was not statistically significant. Microcapsules of RC-160,
releasing 50 Â¿tg/day,significantly reduced tumor volume after 21 and 24
days of treatment, but at the end of the experiment the inhibition in
tumor volume and weight was not significant. Bombesin/gastrin releasing
peptide antagonist RC-3095, at a dose of 20 Mg/dayadministered by daily
s.c. injections or by continuous infusion using Alzet osmotic minipumps,
had the greatest inhibitory effect on tumor growth. Tumor volume,
percentage change in tumor volume, and tumor weights were significantly
decreased in both groups treated with RC-3095. This is the first report
on inhibition of human colon cancer growth in vivo by bombesin
antagonists.

Introduction

There is now considerable evidence to support the belief that
human colon cancer is under hormonal control. Sex steroids
may be involved in tumorigenesis of the colon and gender and
parity have been shown to affect the incidence of colorectal
cancer (1, 2). Androgen receptors are present on human colo
rectal tumors (3) and castration in rats can diminish the risk of
carcinogen induced bowel cancer (4). Tetradecapeptide soma
tostatin has a wide spectrum of biological actions and appears
to be an endogenous antiproliferative agent (5). Somatostatin
inhibits the release of growth hormone as well as certain gas
trointestinal hormones, like gastrin and action or secretion of
growth factors like EGF and IGF-I4 (5). Superactive octapep-

tide analogues of somatostatin with a longer duration of action,
like RC-160, have been shown to inhibit the growth of experi
mental pancreatic, prostate, and mammary carcinomas (5).
These effects of somatostatin analogues may be direct and
mediated by somatostatin receptors on tumor cells or indirect,
induced by inhibition of the release or action of various hor
mones and growth factors (5). Gastrin releasing peptide, a
gastrointestinal hormone and mammalian counterpart of the
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amphibian neuropeptide bombesin, stimulates gastrointestinal
enteropancreatic hormone release and pancreatic and intestinal
epithelial growth (6). Specific GRP receptors are found
throughout the mammalian gastrointestinal tract and an auto
crine role of bombesin/GRP in human small cell lung carci
noma is now widely accepted (7). However, the role of GRP in
the promotion and proliferation of gastrointestinal neoplasms
is still unclear. Potent antagonists of bombesin/GRP have been
synthesized in our laboratory and may be useful to disrupt the
bombesin/GRP-stimulated growth of certain tumors. [D-
Tpi",Leu'3 iÂ¿(CH2NH)Leu'4] Bombesin(6-14) (RC-3095) is a

short chain pseudononapeptide bombesin antagonist. This an
alogue in UM concentrations blocks GRP stimulated amylase
release from rat pancreatic acini, has strong binding affinity to
Swiss 3T3 and H-345 small cell lung carcinoma cells (Kd 8 and
10 nM, respectively), and inhibits GRP stimulated growth of
these cells in vitro (8). In view of the potential involvement of
growth factors, gastrointestinal hormones, and sex steroids in
colonie tumorigenesis (5), we have evaluated the effects of [D-
Trp6]LH-RH, somatostatin analogue RC-160, and bombesin/
GRP antagonist RC-3095 on the growth of xenografts of hu
man colon cancer cell line HT-29 in nude mice.

Materials and Methods

Athymic male nude (nu/nu) mice, approximately 6 weeks old on
arrival, were obtained from the National Cancer Institute (Bethesda,
Ml)) and maintained under pathogen limited conditions.

Human colonie adenocarcinoma cell line HT-29 was routinely grown
as a monolayer in KI'M 11640 (Gibco, Grand Island, NY) supplemented

with 10% colostrum free bovine serum and antibiotics and antimycotics
at 37Â°Cin a humidified 5% CO2 atmosphere. Tumor cells growing

exponentially were harvested by brief incubation with 0.25% trypsin-
EDTA solution (Gibco). Xenografts were initiated by s.c. injection of
1 x IO7cells into the right flank of 5 nude mice. The tumors resultant
after 3 weeks were aseptically dissected and mechanically minced; 3-
mm3 pieces of tumor tissue were transplanted s.c. by a trocar needle

into 60 animals. Two weeks after transplantation, tumors had grown
to a volume of approximately 20 mm3 and the animals were randomized

and divided into five experimental groups.
Sterile microcapsules of [D-Trp6]LH-RH, prepared by P. Orsolini at

Cytotech S.A. (Martigny, Switzerland), were used in doses calculated
to release 25 iig/mouse/day for 30 days. Microgranules of the pamoale
salt of somatostatin analogue RC-160 (o-Phe-Cys-Tyr-D-Trp-Lys-

Val-Cys-Trp-NH2) (5) in poly(DL-lactide-coglycolide) were prepared
at Cytotech S.A. and designed to release about 50 Â¿ig/dayfor 2 weeks
from an aliquot of 16 mg. Sterile suspensions of microcapsules of [i>-
Trp6]LH-RH were injected once a month and microgranules of RC-

160 every 15 days s.c. at the side opposite to tumor. Bombesin antag
onist RC-3095, originally synthesized in our laboratory (8), was made
by Asta Pharma Co. (Frankfurt/Main, Germany). RC-3095 was dis
solved in 0.1% dimethyl sulfoxide in saline solution and injected s.c.
twice daily at a dose of 10 pg. Groups often animals each were treated
with [D-Trp6]LH-RH and RC-160 microcapsules and RC-3095 by s.c.

injection and one group of 13 animals received a continuous s.c.
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infusion of RC-3095 by osmotic minipumps (Alzet Corp., Palo Alto,
CA; model 2002), delivering 0.5 n\/h and corresponding to 20 Mg/day
of peptide. RC-3095 was dissolved in 50% (v/v) propylene glycol in
water, for filling osmotic minipumps. The mice were anesthetized with
2,2-dichloro-l,l-difluoroethylmethyl ether (Metofane; Pitman-Moore,

Washington Crossing, NJ) and the minipumps were surgically im
planted s.c. in the dorsal area. After 2 weeks, the spent pumps were
removed and new pumps were filled and reimplanted. The control
group of animals received saline daily by s.c. bolus injection.

The tumors were initially measured 7 days after the start of treatment
and thereafter twice weekly for 3 weeks. The tumor volume was calcu
lated as

Length x width x height x *

6

(30). Tumor volume doubling time was calculated during the logarith
mic phase of tumor growth, which occurred between days 14 and 27.
The inhibition of tumor growth after various treatments also presented
as tumor growth delay time, i.e., the time difference in days required
for the tumor to reach a volume of 300 mm3 in all animal groups.

Tumor burden at the end of the treatment period was calculated as mg
of tumor weight/g of body weight.

After 27 days of treatment, mice were anesthetized with Metofane
and sacrificed by decapitation and trunk blood was collected. The serum
was separated for further analyses. Body weights were recorded and
various organs were removed and weighed. Tumors were cleaned and
weighed, and then a sample was taken for histology and receptor studies.
Serum levels of growth hormone and IGF-I were measured by RIA.
Serum gastrin levels were determined by specific RIA using the
Gastrin125! RIA kit from Becton-Dickinson (Orangeburg, NY). All data

are expressed as the mean Â±SEM and statistical analyses were per
formed by using Duncan's multiple range test.

Results

Subcutaneous tumors were obtained in 56 of 60 injected
animals (93%). In one animal, following removal of the first
minipump and reimplantation of the second pump, infection
occurred by day 21 and this animal was excluded from further
study, leaving 12 mice in the group treated by osmotic
minipumps.

The effects of treatments on body weight, final tumor weight,
and the weight of the accessory sex organs are shown in Table
1. At the end of the experiment there were no significant
differences in body weights between groups. Treatment with [D-
Trp']LH-RH or RC-160 microcapsules or RC-3095 by s.c.

injections did not adversely influence the growth of the animals.
In nude mice receiving 25 ng [D-Trp6]LH-RH/day, testicular

weight was decreased by 20%, ventral prostate weight was
reduced by 76%, and seminal vesicle weight was reduced by
73% as compared with control mice (P < 0.01). There were no
significant changes in kidney, lung, or liver weights after chronic
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Fig. 1. Tumor volume in nude mice bearing HT-29 human colon carcinomas
during trealment with [D-Trp'lLH-RH microcapsules, RC-160 microcapsules,
and bombesin/GRP antagonist RC-3095 delivered by minipumps or s.c. injec
tions. Bars, SEM.

treatment with the peptide analogues tested (data not shown).
Interestingly, the treatment with bombesin antagonist RC-3095
from osmotic minipumps reduced testes weights by 43% and
ventral prostate weight by 61%, as compared to controls.

Fig. 1 shows the tumor volume as measured at 3-4-day
intervals. The effects of various treatments on initial and final
tumor volume, percentage increase in tumor volume, tumor
burden, tumor doubling, and tumor growth delay time are
shown in Table 2. Chronic treatment with 25 #/g [o-Trp6]LH-

RH/day slightly inhibited tumor growth but the final tumor
weight (695 Â±180 mg) did not differ significantly from control
(813 Â±118 mg, P= 0.16) (Table 1). [o-Trp6]LH-RH slightly

reduced the tumor volume, tumor burden, and percentage of
increase in the tumor volume from day 0 as compared with
controls but the differences were not significant. The same
treatment also somewhat prolonged tumor doubling time (5.1
versus 4.1 days in controls), and tumor growth delay time was
2.5 days.

Chronic treatment with somatostatin analogue RC-160 in
hibited tumor growth, which was significantly reduced as com
pared with controls after 21 days (P = 0.02) and after 24 days
(P = 0.03). At the end of the experiment, tumor volume, as
well as final tumor weight, were still reduced, but not signifi
cantly different compared with controls (P = 0.07). Similar
findings were noted with respect to the percentage increase in
tumor volume. Tumor volume doubling time in the RC-160
group was 5.6 days and tumor growth delay time was 4 days
longer than in controls.

Therapy with bombesin antagonist RC-3095, administered
by osmotic minipumps or by s.c. injections, was the most
effective and resulted in the greatest inhibition of tumor weight,
tumor volume, and the percentage increase in tumor volume

Table 1 Tumor, body and organ weight in nude mice bearing HT-29 human colon cancer cell line xenografts after treatment with [i>TrÂ¡P]LH-RH, RC-160, or
RC-3095

Values are the mean Â±SEM. Significance was calculated by Duncan's multiple range test.

TreatmentgroupControl

(D-Trp')LH-RH0
RC-160'
RC-3095 minipumps''
RC-3095 S.C/Body

wt(g)27.3

Â±0.5
27.5 Â±0.6
27.0 Â±0.4
28.1 Â±1.127.4

Â±0.7Tumor

wt(mg)813Â±

118
695 Â±180
569 Â±112
521 Â±107'
418 Â±109*Testes

(mg)109.8

Â±5.4
89.2 Â±8.7

126.8 Â±6.9
62.6 Â±3.7'

110.2Â± 5.9Ventral

prostate(mg)11.7Â±

1.2
2.8 Â±0.6*

6.6 Â±0.6
4.5 Â±0.8'

7.8 Â±0.5Seminal

vesicles(mg)29.5

Â±3.5
8 Â±0.8*

29.2 Â±3.9
28.2 Â±2.2
33.5 Â±2.9

" (t>-Trp']LH-RH microcapsules were formulated to release 25 fig/day for 30 days.
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' RC-160 microgranules were formulated to release 50 eg/day for 14 days.
''Alzet osmotic minipumps released 20 ^g/day of RC-3095 for 14 days.

..
f RC-3095 was injected s.c. at a dose of 10 Mgtwice daily.
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Table 2 Effect of treatment with [D-Trp6]LH-RH, RC-160, or RC-309S on tumor volume, percentage change in tumor volume, tumor burden, tumor doubling time, and
tumor growth delay time in nude mice with xenografls of the human colon cancer cell line HT-29

Values are the mean Â±SEM. Significance was calculated by Duncan's multiple range test.

Tumor volume(mm3)Treatment

groupControl

[r>TrpÂ«]LH-RH
RC-160
RC-309S minipump
RC-3095 injectionInitial19.7

Â±3.7
19.7 Â±4.1
17.5 Â±2.7
20.2 Â±3.6
19.7 Â±4Final681.8

Â±101
522.6 Â±147
463.1 Â±91
367.1 Â±72Â°

310 Â±108*%

of increase in
tumor volume

from day04142

Â±674
2631 Â±484
2695 Â±426
1964 Â±314Â°
1338 Â±190*Tumor

burden
(mg/g bodywt)28.2

Â±4.1
24.4 Â±5.9
21.2 Â±4.1
18.2 Â±4.1Â°
14.9 Â±3.5*Tumor

doubling
time(days)4.13

Â±0.6
5.05 Â±0.4

5.6 Â±0.5
7.0 Â±0.4Â°
7.2 Â±0.6Â°Growth

delay
time(days)2.54

6.5
8.5Â°P<0.05.

*P<0.01.

Table 3 Serum gastrin, growth hormone, and IGF-l levels in mice with HT-29
human colon cancer celt line xenografts after treatment with [o-Trp'JLH-RH,

RC-160, or RC-3095

Values are the mean Â±SEM.

Treatment
groupControl

[D-Trp6]LH-RH
RC-160
RC-3095 minipumps
RC-3095 S.C.Gastrin

(pg/ml)218.9

Â±59
148.1 Â±23Â°

334.1 Â±65
148.9 Â±17Â°
158.0 Â±20Â°Growth

hormone
(ng/ml)3.78

Â±0.27
4.22 Â±0.5
4.18 Â±0.5
3.73 Â±0.28
3.97 Â±7.24IGF-I(ng/ml)370

Â±78
291 Â±30
297 Â±47
225 Â±50Â°
179 Â±52Â°

Â°P < 0.05 calculated by Duncan's multiple range test.

(Tables 1 and 2; Fig. 1). Tumor growth in both experimental
groups treated with RC-3095 was inhibited within 21 days from
the start of the experiment. After 27 days, tumor volume was
significantly reduced in the group receiving RC-3095 from
minipumps (367 Â±72 mm3; P = 0.03) and in the group given
twice daily injections (311 Â±108 mm3; P = 0.01) as compared
to the control group (682 Â±101 mm3) (fig. 1.). Percentage of

change in tumor volume was also significantly decreased by
RC-3095 delivered from minipumps at 18, 21, 24, and 27 days
and by RC-3095 s.c. injections even earlier, from day 14 until
the end of the experiment. Tumor doubling time was prolonged
by RC-3095 in minipumps or RC-3095 injections to 7 and 7.2
days, respectively. Tumor growth delay time was 6.5 days in
the group treated with RC-3095 in minipumps and 8.5 days in
those receiving s.c. injections. Tumor burden at day 28 was
significantly reduced in both RC-3095 treatment groups (Table

2).
Serum gastrin, growth hormone, and IGF-I levels in nude

mice, measured after termination of various treatments, are
shown in Table 3. Gastrin levels in animals treated with [D-
Trp6]LH-RH and in both RC-3095 groups were decreased by

about 30% compared to control levels. There were no changes
in growth hormone serum levels after chronic treatment with
any of the analogues. Serum IGF-I was decreased in all treat
ment groups, and maximal reduction occurred in animals re
ceiving s.c. RC-3095 by injection (P < 0.05).

Discussion

The established cell line, HT-29, was originally isolated from
a human colonie adenocarcinoma and retains certain character
istics of the cells of origin. Notably, this cell line expresses
receptors for somatostatin5 and is known to express gastrin
receptors (9). Gastrin stimulates growth of HT-29 cells in vitro
and stimulatory action of gastrin is even enhanced in vivo when
cells are xenografted into nude mice (10). This line is also
known to secrete the growth factors IGF-I and EGF (11). In
view of this, HT-29 is a suitable model for study of the influence

9Unpublished data.

of hormonal manipulations on tumor growth. This paper pre
sents results which demonstrate that various peptide analogues
can inhibit the growth and proliferativi' capacity of this human

colonie cancer line in vivo.
Chronic administration of the potent agonist [D-Trp6]LH-

RH creates a condition of sex steroid deprivation. The modest
reduction in tumor xenograft growth induced by this analogue
may be a result of this state, in view of the suggested dependence
of colorectal tumors on sex steroids (4). Direct tumor growth
inhibition may also play a role, since specific binding sites for
[D-Trp6]LH-RH have been demonstrated in this cell line. A

significant reduction in serum gastrin levels produced by
chronic administration of this analogue may also be of impor
tance by diminishing the trophic influence of gastrin on the
xenografts.

We have demonstrated a significant growth inhibitory effect
of the potent somatostatin analogue, RC-160, on colonie xen
ograft growth. This effect is noted after 3 weeks of treatment
and persists for most of the remaining treatment period. That
tumor volume and weight in this treatment group did not
significantly differ from control animals at the end of the
treatment period (P< 0.07) may be due to the pharmacokinetics
of the depot preparation used in this study. RC-160 microgran-
ules should ideally release a therapeutic dose of peptide over a
2-week period. Our studies on this formulation suggest that a
gradual decline in plasma levels of RC-160 occurs over this
period so that levels may be suboptimal for tumor growth
inhibition by the end of the treatment period. As somatostatin
and its analogues are known to inhibit gastrin action, release,
and synthesis (5, 12), one would expect suppression of serum
gastrin levels during therapy with RC-160. The rebound eleva
tion of serum gastrin observed in the RC-160 treated mice at
the end of the experiment suggests that by this time circulating
RC-160 levels were too low to suppress gastrin release. These
findings indicate that, by the end of the experiment, growth
inhibition was not sustained due to an inadequate circulating
level of RC-160. Notwithstanding this, growth inhibition oc
curring earlier in the experimental period may be due to elimi
nation of the trophic effect of gastrin on the HT-29 xenografts,
to inhibition of EGF and IGF-I release or to direct effects upon
membrane bound somatostatin receptors. We have demon
strated specific binding sites for somatostatin on HT-29 cells
in culture, from which radiolabeled analogue is displaced by
unlabeled RC-160.5 Somatostatin analogues may also act

through inhibition of release or action of growth factors, such
as EGF and IGF-l (5). Liebow et al. (13) found that RC-160
causes the dephosphorylation of the EGF receptors, which
prevents EGF induced growth of the pancreatic cancer cell line
MiaPaCa-2. Whether the same phenomenon occurs with EGF
receptors on HT-29 cells should be investigated. RC-160 was
recently found to inhibit the growth of DHD/K12 rat colon
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cancer in vivo (14) but had no direct effect on tumor cell growth
in vitro, possibly because of the loss of somatostatin receptors
in the previous passages of the cell line.

The present study demonstrates for the first time a significant
inhibitory effect of the bombesin/GRP antagonist RC-3095 on
human colon cancer xenografts. The inhibitory effect of RC-
3095 was observed irrespective of the method of administration
and 60-70% growth inhibition was obtained by the end of the
experiment. Indeed in some animals, xenografts barely in
creased in size over the whole treatment period. The mechanism
of this effect remains unclear, although several hypotheses can
be put forward. Inhibition may be brought about by the blockade
of the effects of endogenous GRP on gastrin production,
thereby removing a trophic stimulus to HT-29 xenografts.
However, gastrin suppression with RC-3095 was only as effec
tive as that with [D-Trp6]LH-RH, while the growth inhibitory
effect of RC-3095 is vastly superior. Therefore gastrin suppres
sion may be responsible for only part of the inhibitory effect
observed with RC-3095. An alternate hypothesis is that, since
bombesin may stimulate the growth of colon cancer (15), our
bombesin/GRP antagonist RC-3095 acts directly at the cellular
level at specific receptors. Two recent studies have demon
strated the presence of such functional binding sites for bom
besin in both the human colon cancer cell line, NCI-H716, and
murine colon cancer cell line MC-26 (15, 16). Bombesin stim
ulated tumor growth of MC-26 cell line in vitro, and the binding
of bombesin to MC-26 cells was inhibited by a bombesin
antagonist (15). We have also demonstrated that 30% of fresh
human colon cancer specimens express specific bombesin bind
ing sites.5

Additional possible mechanisms may involve other gastroin
testinal hormones. Insulin, glucagon, and cholecystokinin have
all been implicated in the stimulation of growth of colonie
cancer (17) and the release of all three hormones is promoted
by GRP (6). Therefore, RC-3095 may suppress secretion of
these hormones causing a reduction in the trophic influence on
the xenograft. Furthermore, previous reports of EGF and IGF-
I production and elevated expression of IGF-I receptors by HT-
29 cells (11) suggest that these growth factors may serve an
autocrine function on cellular proliferation. Our work shows
suppression of circulating IGF-I levels in animals treated with
RC-3095. Our studies on EGF receptors expression in N-
nitrobis(2-oxopropyl)amine induced pancreatic cancer in ham
sters (18) have demonstrated a marked down-regulation of
EGF-receptors expression induced by RC-3095 (Amaxreduced
from 77.1 Â±15 to 4.9 Â±1.8 fmol/mg protein). Thus, bombesin/
GRP antagonists may be acting locally by diminishing the
production of autocrine growth factors or reducing available
binding sites for such factors. We are currently examining
tumor xenograft samples from these experiments for changes
in receptor levels induced by RC-3095.

Our findings suggest that the somatostatin analogue RC-160

and the new bombesin/GRP antagonist RC-3095 could be
considered as potentially useful agents for treatment of colon
cancer. It is also possible that combinations of bombesin antag
onist with somatostatin analogue or LH-RH agonists might
improve therapeutic responses.
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