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Abstract. Increasing evidence has accumulated in support of
the hypothesis that growth hormone (GH) and insulin-like
growth factors (IGFs) play a role in carcinogenesis. In order to
test this hypothesis, female nude mice were xenografted with two
different human colorectal cancer cell lines (COLO 205 and
HT-29) and randomized to receive placebo or a GH receptor
antagonist (GHRA) (B2036-PEG) every second day for 16 days.
The tumour volume was measured in each animal throughout
the study and by the end of the experiment the tumour weights
were recorded. After 16 days of therapy in nude mice with the
COLO 205 colorectal cancer, GHRA treatment caused a 39%
reduction in tumour volume (p<0.02) and a 44% reduction in
tumour weight (p<0.01). GHRA treatment equally reduced
circulating IGF-1 and IGFBP-3 levels, while apoptosis was
increased in the treatment group. Expression of IGF-1, IGF-II
and the corresponding receptors in COLO 205 tumours was also
decreased by the treatment. GHRA had no effect on the growth
of the HT-29 colorectal cancer despite pronounced reduction in
serum IGF-I. The present study thereby demonstrates a central
role for the GH/IGF system in the pathogenesis of some
colorectal cancers and suggests that specific GHR blockade may
present a new concept in the treatment of colorectal cancer.

Colorectal cancer is the second most frequent cause of
death from malignancies in the Western world (1), with a
death rate second only to that of lung cancer (2-4). Many
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colorectal cancers are detected at a late stage when surgery
cannot cure the disease and more than 40% of the patients
with colorectal cancer develop metastases during the course
of their illness (5). Despite advances in surgical treatment,
chemotherapy and radiotherapy, these treatment modalities
are not effective against disseminated colonic cancer (6, 7).
The prognosis of disseminated colonic cancer is often poor
and new treatment modalities are needed.

During the past few years, more findings have
accumulated supporting a role for the growth hormone
(GH)/insulin-like growth factor I (IGF-I)-axis in the growth
of colorectal cancers (8-16).

Increased colon epithelial cell proliferation and a higher
risk of developing colonic and other cancers were
demonstrated in patients with acromegaly (12, 17-22),
showing that elevated serum GH and IGF-I levels may be
associated with a higher incidence of colon cancers and
various other malignancies (10, 23, 24). GH can stimulate
colonic epithelial cell growth either directly or indirectly by
increasing IGF-I synthesis. The growth hormone receptor
(GHR) is expressed in colonic epithelial cells (25) and GH
has the ability to promote cell growth through induction of
c-myc expression (26). IGF-I and IGF-II may also play a
major role in the progression of colon tumours (27, 28).
IGF-I stimulates cell proliferation (29) and IGF-I receptor
expression has been demonstrated in normal colonic
mucosal cells as well as in colonic carcinoma tissue (29, 30).
Moreover, human colonic carcinoma cells are able to
secrete IGF-I (31), which suggests additional stimulation of
neoplastic cell proliferation by an autocrine mechanism.

IGF-II may have a regulatory role in the proliferation and
differentiation of human colonic carcinoma cells (32). IGF-
IT mRNA was overexpressed in about one-third of colon
cancers, while it was not detectable in normal colonic mucosa
cells (33). Colon cancer cells also produce specific proteases
that degrade IGF-binding proteins (IGFBP) secreted by
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these cells, thus decreasing the protective effect of IGFBPs
against activation of the IGF-I receptor (IGF-IR) (33).

New therapeutic strategies for the treatment of colorectal
cancers based on agonistic or antagonistic hormonal
analogues have been explored, but GH/IGF-axis intervention
in colon cancer is documented only in the case of
somatostatin and its analogues (34-37).

Pegvisomant (B2036-PEG) is a newly developed GH
receptor antagonist (GHRA) and, compared with the
somatostatin analogues, it has a long duration of action and a
high selective affinity, specifically binding to the GHR and
further blocking the transmission of the intracellular signal
system (38-40). B2036-PEG is a recombinant protein similar to
natural human GH, but containing 9 amino acid substitutions.
Pegvisomant has several covalently attached polyethylene glycol
molecules that significantly prolong its half-life.

The evidence for the possible effect of the GH/IGF axis
on the growth of human colon cancer cells prompted us to
investigate B2036-PEG treament in vivo. Two colon cancer
cell lines, COLO 205 and HT-29, were selected in our study.
HT-29 cells release carcino-embryonic antigen (CEA), while
COLO 205 cells do not.

Materials and Methods

Animals. Female athymic nude BALB/c mice (BALB/cABom-
FoxnI™, CA.Cg-FoxnI™) were obtained from M&B Taconic Ltd
(Ry, Denmark) and maintained in the animal facility. The animals
were approximately 6 weeks old with an initial body weight of 17-
18 g when used for the experiments. The mice were housed in
microisolators (filter top cages, Tecniplast, Buguggiata, Italy) under
pathogen-free conditions with a 12-h light/12-h dark schedule and
fed autoclaved standard chow (Altromin #1324, Lage, Germany)
and water ad libitum throughout the experiment. All the animals
were handled under sterile conditions and maintained in a separate
facility. The Danish Experimental Animal Inspectorate approved
the experimental protocol and all the animal experiments were
performed according to the ethical standards required by the
UKCCCR Guidelines (41)

Cell culture. The human colorectal adenocarcinoma cell lines
COLO 205 (CCL-222) and HT-29 (HTB-38) were obtained from
the American Type Culture Collection (ATCC; Manassas, VA,
USA). COLO 205 cells were grown in RPMI 1640 media (Gibco™
Invitrogen A/S, Taastrup, Denmark) containing 1 mM sodium
pyruvate and HT-29 cells were grown in McCoy’s SA media (Sigma
M-6523, Vallensbaek, Denmark) containing 2 mM L-glutamine
(Sigma G-3126) at 37°C in a humidifled 5% CO, atmosphere. Both
media contained 10% fetal bovine serum (Gibco™ Invitrogen A/S),
100 IU/ml penicillin and 100 g/l streptomycin. Tumour cells
growing exponentially were harvested by brief incubation with
0.05% trypsin-EDTA (Gibco™ Invitrogen A/S) solution suspended
in new medium for injection.

In vivo experimental protocol. Tumour xenografts were initiated by

subcutaneous (s.c.) injection of 107 cells into the left flank of nude
mice. Three days later, the tumours had grown to a volume of
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approximately 90-105 mm?3 and 60-70 mm3 in COLO 205 and HT-29,
respectively. The animals were divided into two groups with
approximately equal average tumour volumes and randomly allocated
to receive 0.5 ml saline or the GHRA (B2036-PEG) (Sensus, Austin,
TX, USA) at a dose of 60 mg/kg subcutaneously every second day.
Tumour volume, food consumption and body weight were measured
twice a week. Blood glucose was determined once weekly until the
termination of experiments. Animals with tumours that did not show
exponential growth were excluded from the study.

On day 21 for the COLO 205 experiment and day 38 for the
HT-29, mice were sacrificed after anesthesia with sodium barbital
(50 mg/kg ip.) and blood was drawn 3 min later from the
retroorbital venous plexus for determination of serum IGF-I and
IGFBP-3. The serum was stored at —80°C until the measurements
were performed. The animals were euthanised by cervical
dislocation and tumour and liver were carefully removed and
weighed. Pieces of liver and tumour were snap-frozen in liquid
nitrogen; one-third for later determination of IGF-I, one-third for
PCR analyses and the rest of the tumour sample was fixed in 4%
buffered neutral formalin for histological examination.

Evaluation of tumour growth. The tumours were measured every 3-
4 days with a digital caliper. Baseline tumour volumes were
calculated using the following formula (42):

V = 7/6 x 0.67 x [ (d1- 0.5) x (d2 - 0.5)]32

Where d1 was the longest diameter of the tumour and d2 was the
perpendicular to d1. Tumour weight at the end of the study was
also measured.

Measurement of serum IGF-1. Serum IGF-1 was measured after
extraction with acid-ethanol as previously described (43). The
mixture was incubated for 2 h at room temperature, centrifuged
and 25 ml of the supernatant was diluted 1:200 before analysis.
Serum IGF-I levels were measured by RIA using a polyclonal
rabbit antibody (Nichols Institute Diagnostics, San Capristrano,
CA, USA) and recombinant human IGF-I as standard (Amersham
Biosciences, Piscataway, NJ, USA). Mono-iodinated IGF-I (1251-
labelled [Tyr31]IGF-I) was obtained from Novo-Nordisk A/S
(Bagsvaerd, Denmark). Intra- and intra-assay coefficients of
variation were < 5% and <10 %, respectively.

Measurement of tumour IGF-I1 and IGF-1I. The IGF-I was extracted
as previously described (44, 45). Briefly, 50 mg of the tissue was
homogenized on ice in 1 M acetic acid (5 ml/g tissue) and further
disrupted using another homogenizer. This extraction process was
repeated twice for each sample. The supernatant was lyophilized and
redissolved in 40 mM phosphate buffer, pH 8. For IGF-II extraction,
50 mg of tissue was homogenized on ice in 3.3 M formic acid-0.5%
Tween 20 (5 ml/g tissue) and centrifuged at 40,000 g for 10 min at
4°C. (46). A 150-ul aliquot was heated to 90°C for 30 min. Reagent-
grade acetone (350 wl) was added and the samples were vortexed
and centrifuged at 3000 g. As with IGF-I, the supernatants were
lyophilized and redissolved in 40 mM phosphate buffer, pH 8. The
tissue extracts were stored at -20°C until IGF-I and IGF-II
concentrations were measured in duplicate in diluted extracts by a
non-competitive time-resolved immunofluorimetric assay for human
IGF-I and IGF-II, as previously described (47). The cross-reactivity
of IGF-I and IGF-II was less than 0.0002% and the detection limits
were 0.0025 ug/L and 0.0010 pg/L for the IGF-I and IGF-II assays,
respectively. Circulating mouse IGF-I and IGF-II were undetectable
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Figure 1. The effect of growth hormone receptor antagonist GHRA
(B2036-PEG) on the growth of human colon adenocarcinoma tumour
COLO 205 engrafted to nude mice. Mice were treated with B2036-PEG
(- ) or isotonic saline (<=). Each curve represents the mean tumour
volume per group. Vertical bars represent standard error, * p<0.05
versus control.

in these assays; accordingly, tumor IGF levels were not influenced
by entrapped serum. Intraassay and interassay coefficients of
variation were less than 5% and less than 10%, respectively.

Measurement of serum IGFBP-3. SDS-PAGE and Western ligand
blotting (WLB) were performed according to the method of
Hossenlopp (48), as previously described (49). Serum (2 ul) was
subjected to SDS-PAGE (10% polyacrylamide) under non-
reducing conditions. The electrophoresed proteins were transferred
by electroelution onto nitrocellulose paper (Schleicher & Schuell,
Munich, Germany), and the membranes were incubated overnight
at 4°C with 500,000 cpm 125I-labelled IGF-I (specific activity 2,000
Ci/mmol) in 10 ml 10 mmol/l Tris-HCI buffer containing 1% bovine
serum albumin and 0.1% Tween (pH 7.4). The membranes were
washed with Tris-buffered saline, dried overnight and the
nitrocellulose sheets were subsequently autoradiographed with
Kodak X-AR film and exposed to Du Pont-NEN (Boston, MA,
USA) enhancing screens at —80°C for 3-7 days. The specificity of
the IGFBP bands was ensured by competitive co-incubation with
unlabelled IGF-I purchased from Bachem (Bubendorf,
Switzerland). On WLB (with 12I-IGF-I as ligand), IGFBP-3
appears as a 38-42 kDa doublet band corresponding to the intact
acid-stable IGF-binding subunit of IGFBP-3. WLBs were
quantified by densitometry using a Shimadzu CS-9001 PC dual-
wavelength flying spot scanner.

RNA isolation and reverse transcriptase-PCR analysis. Total RNA was
extracted from samples of tumour tissue, using 500 ul TRIZOL
reagent (GIBCO BRL, Invitrogen A/S, 2630 Taastrup, Denmark)
according to the manufacturer. The amount and the quality of
isolated RNA was assesed by measurement of the optical density at
260 and 280 nm. From each sample, 1 ug of RNA was used for
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Figure 2. The effect of GHRA (B2036-PEG) on the growth of human
colon adenocarcinoma tumour HT-29 engrafted to nude mice. Mice were
treated with B2036-PEG (-B-) or isotonic saline (<= ). Each curve
represents the mean tumour volume per group. Vertical bars represent
standard error.
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Figure 3. The effect of GHRA (B2036-PEG) on the tumour weight (H)
and number of apoptotic cells in the tumour (M) in nude mice engrafted
with COLO 205 or HT-29 colon adenocarcinoma cells. Bars represent
mean tumour weight and mean number of apoptotic cells in tumour
tissue. Vertical bars represent standard error, * p<0.05 versus control, **
p<0.01 versus control.

reverse transcription in 30 ul of a reaction mixture containing 50 mM
Tris, pH 8.3, 75 mM KCl, 3 mM MgCl,, 0.5 mM dATP, 0.5 mM
dGTP, 0.5 mM dCTP, 0.5 mM dTTP, 30 pmol random hexamers and
200 U MMLV-reverse transcriptase (GIBCO BRL). The samples
were incubated for 75 min at 37° C followed by incubation for 15 min
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Table 1. Serum IGF-1, serum IGFBP-3 and serum CEA levels in nude mice bearing COLO 205 or HT29 tumours. Controls are nude mice without
tumours. The values are given as a mean for each group of animals treated either with GHRA (B2036-PEG) or saline.

Group Control COLO 205 COLO 205 HT-29 HT-29
placebo GHRA placebo GHRA
IGF-I 286 =9 205 = 17 74 x£7* 326 =13 143 £ 19 *
IGFBP-3 520 = 1.37 460 * 0.52 230 £ 1.7*%* 690 + 1.6 590 2.0 **
s-CEA n.d. n.d. n.d. 638 = 102.8 532.3 = 100.1

Data are expressed as mean = SEM in pg/l for IGF-I and in pixel intensity for IGFBP-3; * p<0.05 versus control, ** p<0.01 versus placebo, n.d.

not detected.

Table II. mRNA expression of mRNA of IGF-1, IGF-I, IGF-IR, IGF-IIR
and GAPDH (control) in tumour tissue of mice treated with GHRA or
saline.

Table II1. Tumour IGF-I and IGF-II levels in nude mice bearing COLO
205 or HT29 tumours. The values are given as a mean for each group of
animals treated either with GHRA (B2036-PEG) or saline.

Group COLO 205 COLO 205 HT-29 HT-29 Group COLO 205 COLO 205 HT-29 HT-29
placebo GHRA placebo GHRA placebo GHRA placebo GHRA

mRNA ng/g ng/g ng/g ng/g

GAPDH 116 =24 114 =38 422 * 2.6 399 + 2.7 IGF-1 n.d. n.d. n.d. n.d.

IGF-1 69.9 £5.0 41.6 £ 3.7** 36.0 =32 443 £ 15*

IGF-1I 746 £4.6 361 £47* 288 £52 45.1 £ 2.6 ** IGF-1I n.d. n.d. 543 £ 0.77 6.63 = 0.75

IGF-IR 122 = 0.8 8.6 =0.6** 6.9 =07 94 1.1

IGF-IIR  336*x16 292=+*15 275 2.4 35.0 = 1.2%* Data are expressed as ng/g tumour tissue mean * SEM; n.d. not

Data are expressed as optical density mean + SEM; * p<0.05 versus
placebo, ** p<0.01 versus placebo.

at 95°C. Polymerase chain reaction was subsequently performed, using
2 ul reverse transcriptase solution in a reaction mixture of 20 ul,
containing 20 mM Tris, pH 8.4, 50 mM KCI, 1.5 mM MgCl,, 0.5 mM
dATP, 0.5 mM dGTP, 0.5 mM dCTP, 0.5 mM dTTP, 2.5 U
DyNAzyme II DNA polymerase (Finnzymes, Espoo, Finland) and 500
pmol of each of the specific primers for human IGF-I, IGF-II, IGFR1,
IGFR2 and GAPDH (50). The sequence for the primers were:
Human-IGF- I: IGF-1-85: 5~ ACATCTCCCATCTCTCTGGATTT
CCTTTTGC-3" and IGF-1-598: 5’-CCCTCTACTT GCGTTCTTC
AAATGTACTTCC-3'. Human-IGF-1I: IGF-11-270: 5-AGTCGAT
GCTGGTGCTTCTCACCTTCTTGGC-)’ and IGF-1I-807 ~5’-
TGCGGCAGTTTTGCTCACTTCCGATTGCTGG-3’. Human
GAPDH: GAPDH-U: 5-TAAAGGCCAAAAGG GTCATCATCTC-
3" and GAPDH-D: 5-ACTATAGGTAGAG GCAGGGATGA
TGTT-3". Human-IGFR1: IGFR1: 5-GTGTACGTTCCTGATGA
GTGGGAG-3" and 5-GCCCCGT GTCATCAGTTCCATGAT-3".
Human-IGFR2: 5- GAGTGGC TGATGGAAGAGAT-3’ and 5-
GGAGAATGTGTAGACTG AGG-3'.

Amplification of cDNA was performed in a Hybaid
Thermocycler with two initial cycles at 95°C for 60 sec, 54°C for
60 sec and 73°C for 60 sec. These cycles were followed by a
number of rounds at 94°C for 45 sec, 54°C for 45 sec and 45 sec at
73°C. In the final cycles, the samples were incubated for 2 min at
73°C. The PCR products were separated by gel electrophoresis in
a 2% agarose gel, containing ethidium bromide. All PCR reactions
gave rise to clean products of the expected size. The intensity of
the visualized bands was measured in arbitrary absorbance units by
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detectable.

a BIO-RAD UV-gel camera and used as an estimate of mRNA
amount. To ensure a dose-dependent PCR for the quantitative
PCR protocol, pilot experiments were performed to determine the
optimal number of cycles for each primer set: pools of cDNA from
both GHRA- and placebo-treated COLO 205 and HT-29 tissue
were subjected to IGF-I, IGF-II and GAPDH-PCR with different
cycle numbers. This optimizing step was determined for samples
from both cell types separately. The number of cycles which gave
rise to a weak band was chosen for evaluation of the samples in the
final setup. Optimal cycle numbers for IGF-I -PCR were 33 for
COLO 205 tissue samples and 28 for HT-29 tissue. For IGF-II, it
was 39 for COLO 205 and 35 for HT-29 samples. Finally, the cycle
numbers for GAPDH were 27 in both COLO 205 and HT-29
tissue. Negative control reactions in the PCR analysis included
RNA samples treated without MMLV-RT and samples without
RNA, which did not give rise to DNA amplification.

Apoptosis assay. The Boehringer Mannheim In Situ Cell Death
Detection, POD kit (Mannheim, Germany) was used for the
TUNEL assay. For quantitative analysis, 3 random fields were
counted at 200x magnification. The number of apoptotic cells per
field was counted. TUNEL-positive-stained cells were considered
to be apoptotic cells. Two independent observers counted the
apoptotic cells in each field. The percentage of immunoreactive
cells was determined by dividing the number of apoptotic cells by
the total number of cells in each field. Statistical analysis was
conducted using a Mann-Whitney test.
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Determination of Carcino-Embryonic Antigen (CEA) in serum. The
amount of CEA in serum from mice inoculated with COLO 205 and
HT-29 was determined by a clinical assay kit (Wallac, Turku, Finland).

Statistical methods. All data are expressed as the mean = SEM and
statistical analyses of the tumour data were performed using #-test.
All p values are based on two-sided hypothesis testing.

Results

Tumour xenografts were established in all the injected mice
in this experiment, however, 20-30 % of the tumours were
excluded after one week because of lack of exponential
growth after initial establishment. GHRA treatment
resulted in significant reductions in the tumour volume in
COLO 205 tumours, with this effect becoming evident by
day 14 of therapy (p<0.05) and remaining significant at the
termination of the experiment on day 21 (Figure 1). At the
end of the COLO 205 experiment, the mean tumour volume
of placebo was 1565.23+218.37 mm? and the GHA group
947.07+100.80 mm?, with 39% reduction in the final
tumour volume (p=0.01), as well as 44% reduction in the
final tumour weight (1187.75+211.91 mg vs 663.42+65.40
mg) (p<0.01) (Figure 3). In the HT-29 experiment, no
significant inhibition was observed either in the tumour
volume (p=0.46) (Figure 2) or in the tumour weight
(p=0.39) (Figure 3).

Serum IGF-I was significantly reduced in the animals
with both COLO 205 and HT-29 tumours, indicating that
the GHRA could reduce the secretion of IGF-I to the
serum (Table I). When looking at the expression of IGF-I
in the tumours, COLO 205 tumours had a significantly
lower expression of IGF-I mRNA and IGF-II mRNA. The
mRNA expression of both IGF-I and IGF-II, on the
contrary, were significantly increased in the HT-29 tumours
when treated with GHRA (Table IT). mRNA expression of
the receptors for both IGF-I and IGF-II were significantly
reduced in animals with COLO 205 tumours treated with
GHRA, while in the HT-29 tumours in GHRA-treated
animals the expression of IGFR1 was increased and IGFR2
expression unchanged (Table II). At the protein level only
IGF-II could be detected in HT-29 tumours, as the level of
IGF-II in COLO205 and IGF-I in both tumour types was
below the detection limit (Table IIT). In COLO 205 tumours
the number of cells undergoing apoptosis was increased
significantly in the GHRA-treated group, compared to the
HT-29 tumours where there was no difference in the
amount of apoptosis in the tumours from treated and
untreated animals (Figure 3).

CEA in serum from mice bearing HT-29 tumours were
not affected by the GHRA treatment (Table I). No
significant differences in body weight, food consumption or
blood glucose were observed between the GHRA-treated
and placebo groups (data not shown).

Discussion

GH has a broad spectrum of biological actions. It exerts
effects directly and indirectly through local production of
IGF-I on a large variety of cells including neoplastic cells
(51). The biological actions of GH are mediated by binding to
a specific high affinity cell surface GHR and further
activating tyrosine kinase, protein kinase C, and mitogen-
activated protein or extracellular signal-regulated kinase,
which are involved in the intracellular signalling mechanism
of GH. By recognizing the potential role that GH may play
in various pathophysiological conditions, a series of highly
specific  GHRAs have been developed for potential
therapeutic use by substitution of several amino acids in the
third a-helix of GH, which is a critical region responsible for
its growth promoting activity (52, 53). B2036-PEG was newly
designed and synthesized with enhanced selective affinity and
prolonged half-life in circulation (54, 55). This substance has
been found effective in the treatment of acromegaly by
directly inhibiting the effect of overproduction of GH (56,
57). The drug has also been explored as an exogenous
administration to STZ-induced diabetic mice and here there
was a significant inhibitory effect on diabetic renal /
glomerular hypertrophy and urinary albumin excretion
(UAE) mediated by a decreased renal IGF-I through GHR
blockade (39, 58, 59). Recently, B2036-PEG has been
evaluated for an anticancer effect in a model of human
meningiomas transplanted to nude mice. The slowly growing
meningiomas showed significant growth delay when treated
with B2036-PEG compared to the untreated controls (60, 61).
Here the antitumour effect of B2036-PEG was explained by a
decrease of IGF-I in the circulation and/or surrounding
tissue, since the meningioma specimens were found to have
no autocrine IGF-I production. In the present study with
colon cancer cell lines in nude mice, a significant decrease of
IGF-I and IGFBP-3 in the circulation was observed
corresponding to the decrease observed in other studies with
nude mice (16, 61). In this study, treatment with GHRA was
able to decrease the IGF-I serum level and growth inhibition
was observed in the COLO 205 colon cancer cell line, but not
in the HT-29 cancer. This might be explained by the fact that
the expression of IGF-I and IGF-II in the COLO 205
tumours was significantly decreased in the treatment group
compared to the controls, indicating that the GHRA could
suppress the expression of IGF-I and IGF-II as well as their
receptors in the tumours. The treatment also decreased IGF-
I receptor expression, which could explain the increase in
apoptosis as previously described (62). In contrast, the HT-
29 colon cancer cell line demonstrated an increased
expression of IGF-I and IGF-II; particularly IGF-II and its
receptor were up-regulated. The amount of IGF-II was found
to be the same in the HT-29 tumours from the GHRA-
treated animals as in the untreated controls.
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Overexpression of IGF-II has been clearly demonstrated
to correlate with an aggressive phenotype in colon cancer (27,
63). Kawamoto et al. (64) found a positive correlation
between IGF-II expression and size in invasive colon cancer,
indicating that IGF-II may play a significant role in
tumourigenesis, as well as in progression and the metastatic
behaviour. The lack of response in the HT-29 tumours could
be related to a major autocrine production of IGF-II, making
the tumour inaccessible to the treatment. The absence of an
effect of the GHRA on the growth of HT-29 was shown by
the unchanged number of apoptotic cells and by the
production of CEA, which has been correlated with the
tumour burden (65). The significantly increased expression of
IGF-I, IGF-II and their receptors in the HT29 tumours in
mice treated with GHRA compared to the control group is,
however, difficult to explain. If the GHRA had an inhibitory
effect on the expression of IGF-I in local murine stromal
cells, the increased expression of IGF-I, IGF-II and their
receptors in the tumour cells could be a compensatory
mechanism. In other words, more IGF-I and, especially, IGF-
IT had to be produced by the human tumour cells in order to
promote their own growth and the growth of the stromal
connective supportive tissue. Although the expression of IGF-
IT was up-regulated in the treated HT-29 tumours, the total
amount of IGF-II in the tumours was similar in the control
and treatment groups. To test this hypothesis of
compensatory expression of IGF, measurements of the
stromal (murine) expression of IGF-I and IGF-II had to be
done. However, as hepatic production of IGF-I was
suppressed, it is likely that the local production by the murine
stromal tissue was also suppressed. IGF-II synthesis is,
however, not regulated by GH (66). It is well established that
tumour growth and invasion are profoundly influenced by the
microenvironment and vice versa, and it must be realized that
a treatment regime may have impact on both stromal and
cancer tissue.

In the area of cancer research, somatostatin analogues
have been subjected to some experimental studies. Clinical
trials have shown antitumour activity not only mediated by
specific somatostatin receptors, but also by inhibiting the
release and action of GH as well as some gastrointestinal
hormones like gastrin (67). Somatostatin analogues also
influence the paracrine- and autocrine-mediated effects of
growth factors including IGF-I and epidermal growth factor
(EGF). Due to the multiple actions of somatostatin, side-
effects in the form of disturbance of metabolism will be
difficult to avoid (34-37). Theoretically, a GHRA is
suggested to be more selective and, therefore, with fewer
metabolic perturbations, may contribute to a target therapy
to the tumour in which GHR is expressed at a higher level.
GHRH-antagonist (GHRHA) has also been used for the
treatment of colon cancer including HT-29 (68). The growth
of HT-29 xenografted to nude mice and the autocrine

3740

synthesis of IGF-II were effectively inhibited by low doses
of GHRH antagonists that did not significantly suppress the
serum levels of IGF-I (68), indicating the important role of
IGF-II in the growth and the progression of HT-29.

In the present study, an inhibitory effect of a GHRA on
tumour growth was observed in nude mice inoculated with
COLO 205, but not with mice inoculated with another
colorectal cell line, HT-29. This indicates that some
colorectal cancers are sensitive to treatment with GHRA,
while others are not. The inhibitory effect of the GHRA was
relative, since the tumour growth was not totally blocked,
but effects on all the examined parameters were observed.

In conclusion, the present study indicates that the growth
of some colonic cancer can be modified through the
manipulation of the GH-axis, and that tumours not having
their own production of IGF-I and IGF-II are most likely to
respond to the treatment. The treatment may, as such, be
considered as an adjuvant to other treatments in colon cancer.

Acknowledgements

The work was supported by the Danish Medical Research Council,
the Eva and Henry Fraenkel’s Memorial Foundation, the Danish
Kidney Foundation and The Clinical Institute, University of
Aarhus, Denmark. We thank Tove Fauerholdt Sgndergaard, Karen
Mathiesen and Kirsten Nyborg for their technical assistance.

References

1 Hardcastle JD: Colorectal cancer. CA Cancer J Clin 47: 66-69,
1997.

2 Radulovic SS, Milovanovic SR, Cai RZ and Schally AV: The
binding of bombesin and somatostatin and their analogs to
human colon cancers. Proc Soc Exp Biol Med 200: 394-401,
1992.

3 Greenlee RT, Murray T, Bolden S and Wingo PA: Cancer
statistics, 2000. CA Cancer J Clin 50: 7-33, 2000.

4 Parker SL, Davis KJ, Wingo PA, Ries LA and Heath CWI:
Cancer statistics by race and ethnicity. CA Cancer J Clin 48: 31-
48, 1998.

5 Labianca R, Pessi MA and Zamparelli G: Treatment of
colorectal cancer. Current guidelines and future prospects for
drug therapy. Drugs 53: 593-607, 1997.

6 Casillas S, Pelley RJ and Milsom JW: Adjuvant therapy for
colorectal cancer: present and future perspectives. Dis Colon
Rectum 40: 977-992, 1997.

7 Steele GJ and Posner MR: Adjuvant treatment of colorectal
adenocarcinoma. Curr Probl Cancer 17: 223-269, 1993.

8 Singh P and Rubin N: Insulinlike growth factors and binding
proteins in colon cancer. Gastroenterology 105: 1218-1237, 1993.

9 Pollak MN, Perdue JF, Margolese RG, Baer K and Richard M:
Presence of somatomedin receptors on primary human breast
and colon carcinomas. Cancer Lett 38: 223-230, 1987.

10 Pollak MN, Polychronakos C and Guyda H: Somatostatin
analogue SMS 201-995 reduces serum IGF-I levels in patients
with neoplasms potentially dependent on IGF-I. Anticancer Res
9: 889-891, 1989.



Dagnaes-Hansen ef al: GHRA Inhibits Human Colon Cancer

11 Schally AV: Oncological applications of somatostatin
analogues. Cancer Res 48: 6977-6985, 1988.

12 Singh P, Walker JP, Townsend CMJ and Thompson JC: Role of
gastrin and gastrin receptors on the growth of a transplantable
mouse colon carcinoma (MC-26) in BALB/c mice. Cancer Res
46: 1612-1616, 1986.

13 Goustin AS, Leof EB, Shipley GD and Moses HL: Growth
factors and cancer. Cancer Res 46: 1015-1029, 1986.

14 Kusyk CJ, McNiel NO and Johnson LR: Stimulation of growth
of a colon cancer cell line by gastrin. Am J Physiol 257: G597-
601, 1986.

15 Alford TC, Do HM, Geelhoed GW, Tsangaris NT and Lippman
ME: Steroid hormone receptors in human colon cancers.
Cancer 43: 980-984, 1979.

16 Khandwala HM, McCutcheon IE, Flyvbjerg A and Friend KE:
The effects of insulin-like growth factors on tumorigenesis and
neoplastic growth. Endocr Rev 21: 215-244, 2000.

17 Klein I, Parveen G, Gavaler JS and Vanthiel DH: Colonic polyps
in patients with acromegaly. Ann Intern Med 97: 27-30, 1982.

18 Ron E, Gridley G, Hrubec Z, Page W, Arora S and Fraumeni
JFJ: Acromegaly and gastrointestinal cancer. Cancer 68: 1673-
1677, 1991.

19 Vasen HF, van Erpecum KJ, Roelfsema F, Raue F,
Koppeschaar H, Griffioen G and van Berge Henegouwen GP:
Increased prevalence of colonic adenomas in patients with
acromegaly. Eur J Endocrinol 731: 235-237, 1994.

20 Cats A, Dullaart RP, Kleibeuker JH, Kuipers F, Sluiter WJ,
Hardonk MJ and de Vries EG: Increased epithelial cell
proliferation in the colon of patients with acromegaly. Cancer
Res 56: 523-526, 1996.

21 Orme SM, McNally RJ, Cartwright RA and Belchetz PE:
Mortality and cancer incidence in acromegaly: a retrospective
cohort study. United Kingdom Acromegaly Study Group. J Clin
Endocrinol Metab 83: 2730-2734, 1998.

22 Jenkins PJ, Fairclough PD, Richards T, Lowe DG, Monson J,
Grossman A, Wass JA and Besser M: Acromegaly, colonic
polyps and carcinoma. Clin Endocrinol (Oxf) 47: 17-22, 1997.

23 Pollak MN and Schally AV: Mechanisms of antineoplastic
action of somatostatin analogs. Proc Soc Exp Biol Med 217:
143-152, 1998.

24 Ma J, Pollak MN, Giovannucci E, Chan JM, Tao Y, Hennekens
CH and Stampfer MJ: Prospective study of colorectal cancer
risk in men and plasma levels of insulin-like growth factor
(IGF)-I and IGF-binding protein-3. J Natl Cancer Inst 91: 620-
625, 1999.

25 Lobie PE, Breipohl W and Waters MJ: Growth hormone
receptor expression in the rat gastrointestinal tract.
Endocrinology 126: 299-306, 1990.

26 Murphy LJ, Bell GI and Friesen HG: Growth hormone
stimulates sequential induction of c-myc and insulin-like growth
factor I expression in vivo. Endocrinology 120: 1806-1812, 1987.

27 Tricoli JV, Rall LB, Karakousis CP, Herrera L, Petrelli NJ, Bell
GI and Shows TB: Enhanced levels of insulin-like growth factor
messenger RNA in human colon carcinomas and liposarcomas.
Cancer Res 46: 6169-6173, 1986.

28 Lahm H, Suardet L, Laurent PL, Fischer JR, Ceyhan A, Givel
JC and Odartchenko N: Growth regulation and co-stimulation
of human colorectal cancer cell lines by insulin-like growth
factor I, II and transforming growth factor alpha. Br J Cancer
65: 341-346, 1992.

29 Guo YS, Narayan S, Yallampalli C and Singh P: Characterization
of insulinlike growth factor I receptors in human colon cancer.
Gastroenterology /02: 1101-1108, 1992.

30 Zenilman ME and Graham W: Insulin-like growth factor I
receptor messenger RNA in the colon is unchanged during
neoplasia. Cancer Invest 75: 1-7, 1997.

31 Baghdiguian S, Verrier B, Gerard C and Fantini J: Insulin like
growth factor I is an autocrine regulator of human colon cancer
cell differentiation and growth. Cancer Lett 62: 23-33, 1992.

32 Garrouste FL, Remacle-Bonnet MM, Lehmann MM, Marvaldi
JL and Pommier GJ: Up-regulation of insulin/insulin-like
growth factor-I hybrid receptors during differentiation of HT29-
D4 human colonic carcinoma cells. Endocrinology 738: 2021-
2032, 1997.

33 Michell NP, Dent S, Langman MJ and Eggo MC: Insulin-like
growth factor binding proteins as mediators of IGF-I effects on
colon cancer cell proliferation. Growth Factors 74: 269-277, 1997.

34 Radulovic S, Schally AV, Reile H, Halmos G, Szepeshazi K,
Groot K, Milovanovic S, Miller G and Yano T: Inhibitory effects
of antagonists of bombesin/gastrin releasing peptide (GRP) and
somatostatin analog (RC-160) on growth of HT-29 human colon
cancers in nude mice. Acta Oncol 33: 693-701, 1994.

35 Bloom SR and Polak JM: Somatostatin. Br Med J (Clin Res
Ed) 295: 288-290, 1987.

36 Qin Y, Schally AV and Willems G: Somatostatin analogue RC-
160 inhibits the growth of transplanted colon cancer in rats. Int
J Cancer 47: 765-770, 1991.

37 Weber C, Merriam L, Koschitzky T, Karp F, Benson M, Forde
K and LoGerfo P: Inhibition of growth of human breast
carcinomas in vivo by somatostatin analog SMS 201-995:
treatment of nude mouse xenografts. Surgery 106: 416-422, 1989.

38 Harding PA, Wang X, Okada S, Chen WY, Wan W and
Kopchick JJ: Growth hormone (GH) and a GH antagonist
promote GH receptor dimerization and internalization. J Biol
Chem 271: 6708-6712, 1996.

39 Flyvbjerg A, Bennett WF, Rasch R, Kopchick JJ and Scarlett
JA: Inhibitory effect of a growth hormone receptor antagonist
(G120K-PEG) on renal enlargement, glomerular hypertrophy,
and urinary albumin excretion in experimental diabetes in mice.
Diabetes 48: 377-382, 1999.

40 Maamra M, Finidori J, Von LS, Simon S, Justice S, Webster J,
Dower S and Ross R: Studies with a growth hormone
antagonist and dual-fluorescent confocal microscopy
demonstrate that the full-length human growth hormone
receptor, but not the truncated isoform, is very rapidly
internalized independent of Jak2-Stat5 signaling. J Biol Chem
274: 14791-14798, 1999.

41 UKCCCR: United Kingdom Co-ordination Committee on Cancer
Research (UKCCCR) Guidelines for the Welfare of Animals in
Experimental Neoplasia 2nd ed. 1-10. Br J Cancer 77: 1-10, 1998.

42 Steel GG: The Growth Kinetics of Tumours. Oxford University
Press 1977.

43 Frystyk J, Ivarsen P, Skjaerbaek C, Flyvbjerg A, Pedersen EB
and Orskov H: Serum-free insulin-like growth factor I
correlates with clearance in patients with chronic renal failure.
Kidney Int 56: 2076-2084, 1999.

44 D’Ercole AJ, Stiles AD and Underwood LE: Tissue
concentrations of somatomedin C: further evidence for multiple
sites of synthesis and paracrine or autocrine mechanisms of
action. Proc Natl Acad Sci USA 81: 935-939, 1984.

3741



ANTICANCER RESEARCH 24: 3735-3742 (2004)

45 Flyvbjerg A, Thorlacius-Ussing O, Naeraa R, Ingerslev J and
Orskov H: Kidney tissue somatomedin C and initial renal
growth in diabetic and uninephrectomized rats. Diabetologia
31: 310-314, 1988.

46 Lee WH, Bowsher RR, Apathy JM, Smith MC and Henry DP:
Measurement of insulin-like growth factor-1II in physiological
fluids and tissues. II. Extraction quantification in rat tissues.
Endocrinology 128: 815-822, 1991.

47 Frystyk J, Dinesen B and Orskov H: Non-competitive time-
resolved immunofluorometric assays for determination of
human insulin-like growth factor I and II. Growth Regul 5: 169-
176, 1995.

48 Hossenlopp P, Seurin D, Segovia-Quinson B, Hardouin S and
Binoux M: Analysis of serum insulin-like growth factor binding
proteins using Western blotting: use of the method for titration
of the binding proteins and competitive binding studies. Anal
Biochem 154: 138-143, 1986.

49 Flyvbjerg A, Marshall SM, Frystyk J, Hansen KW, Harris AG
and Orskov H: Octreotide administration in diabetic rats:
effects on renal hypertrophy and urinary albumin excretion.
Kidney Int 41: 805-812, 1992.

50 Lamharzi N, Schally AV, Koppan M and Groot K: Growth
hormone-releasing hormone antagonist MZ-5-156 inhibits
growth of DU-145 human androgen-independent prostate
carcinoma in nude mice and suppresses the levels and mRNA
expression of insulin-like growth factor II in tumors. Proc Natl
Acad Sci USA 95: 8864-8868, 1998.

51 Clemmons DR: Insulin-like growth factor binding protein
control secretion and mechanisms of action. Adv Exp Med Biol
293: 113-123, 1991.

52 Chen WY, Wight DC, Wagner TE and Kopchick JJ: Expression
of a mutated bovine growth hormone gene suppresses growth of
transgenic mice. Proc Natl Acad Sci USA 87: 5061-5065, 1990.

53 Chen WY, Wight DC, Chen NY, Coleman TA, Wagner TE and
Kopchick JJ: Mutations in the third alpha-helix of bovine
growth hormone dramatically affect its intracellular distribution
in vitro and growth enhancement in transgenic mice. J Biol
Chem 266: 2252-2258, 1991.

54 Chen WY, Chen N, Yun J, Wagner TE and Kopchick JJ: In
vitro and in vivo studies of the antagonistic effects of human
growth hormone analogs. J Biol Chem 269: 20806, 1994.

55 Ross RJ, Leung KC, Maamra M, Bennett W, Doyle N, Waters
MJ and Ho KK: Binding and functional studies with the growth
hormone receptor antagonist, B2036-PEG (pegvisomant),
reveal effects of pegylation and evidence that it binds to a
receptor dimer. J Clin Endocrinol Metab 86: 1716-1723, 2001.

56 Trainer PJ, Drake WM, Katznelson L, Freda PU, Herman-
Bonert V, van der Lely AJ, Dimaraki EV, Stewart PM, Friend
KE, Vance ML, Besser GM, Scarlett JA, Thorner MO,
Parkinson C, Klibanski A, Powell JS, Barkan AL, Sheppard
MC, Malsonado M, Rose DR, Clemmons DR, Johannsson G,
Bengtsson BA, Stavrou S, Kleinberg DL, Cook DM, Phillips LS,
Bidlingmaier M, Strasburger CJ, Hackett S, Zib K, Bennett WF
and Davis RJ: Treatment of acromegaly with the growth
hormone-receptor antagonist pegvisomant. N Engl J] Med 342:
1171-1177, 2000.

3742

57 van der Lely AJ, Hutson RK, Trainer PJ, Besser GM, Barkan
AL, Katznelson L, Klibanski A, Herman-Bonert V, Melmed S,
Vance ML, Freda PU, Stewart PM, Friend KE, Clemmons DR,
Johannsson G, Stavrou S, Cook DM, Phillips LS, Strasburger
CJ, Hackett S, Zib KA, Davis RJ, Scarlett JA and Thorner MO:
Long-term treatment of acromegaly with pegvisomant, a growth
hormone receptor antagonist. Lancet 358: 1754-1759, 2001.

58 Chen NY, Chen WY and Kopchick JJ: A growth hormone
antagonist protects mice against streptozotocin induced
glomerulosclerosis even in the presence of elevated levels of glucose
and glycated hemoglobin. Endocrinology 137: 5163-5165, 1996.

59 Segev Y, Landau D, Rasch R, Flyvbjerg A and Phillip M: Growth
hormone receptor antagonism prevents early renal changes in
nonobese diabetic mice. J Am Soc Nephrol 10: 2374-2381, 1999.

60 Friend KE, Radinsky R and McCutcheon IE: Growth hormone

receptor expression and function in meningiomas: effect of a

specific receptor antagonist. J Neurosurg 97: 93-99, 1999.

McCutcheon IE, Flyvbjerg A, Hill H, Li J, Bennett WF, Scarlett

JA and Friend KE: Antitumor activity of the growth hormone

receptor antagonist pegvisomant against human meningiomas

in nude mice. J Neurosurg 94: 487-492, 2001.

62 Resnicoff M, Abraham D, Yutanawiboonchai W, Rotman HL,
Kajstura J, Rubin R, Zoltick P and Baserga R: The insulin-like
growth factor I receptor protects tumor cells from apoptosis in
vivo. Cancer Res 55: 2463-2469, 1995.

63 Lambert S, Vivario J, Boniver J and Gol-Winkler R: Abnormal
expression and structural modification of the insulin-like
growth-factor-II gene in human colorectal tumors. Int J Cancer
46: 405-410, 1990.

64 Kawamoto K, Onodera H, Kondo S, Kan S, TIkeuchi D, Maetani
S and Imamura M: Expression of insulin-like growth factor-2
can predict the prognosis of human colorectal cancer patients:
correlation with tumor progression, proliferative activity and
survival. Oncology 55: 242-248, 1998.

65 Soletormos G, Fogh JM, Sehested-Hansen B, Spang-Thomsen
M, Schioler V, Dombernowsky P and Skovsgaard T: Carcino-
embryonic antigen in monitoring the growth of human colon
adenocarcinoma tumour cells SK-CO-1 and HT-29 in vitro and
in nude mice. Eur J Cancer 33: 108-114, 1997.

66 Schally AV and Varga JL: Antagonistic analogs of growth
hormone-releasing hormone: new potential antitumor agents.
Trends Endocrinol Metab 10: 383-391, 1999.

67 Schally AV and Nagy A: New approaches to treatment of
various cancers based on cytotoxic analogs of LHRH,
somatostatin and bombesin. Life Sci 72: 2305-2320, 2003.

68 Szepeshazi K, Schally AV, Groot K, Armatis P, Halmos G,
Herbert F, Szende B, Varga JL and Zarandi M: Antagonists of
growth hormone-releasing hormone (GH-RH) inhibit IGF-II
production and growth of HT-29 human colon cancers. Br J
Cancer 82: 1724-1731, 2000.

6

—

Received May 11, 2004
Revised July 28, 2004
Accepted August 12, 2004



