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Summary Insulin-like growth factors (IGFs) | and Il are implicated in progression of various tumours including colorectal carcinomas. To
interfere with the production of IGFs, we treated male nude mice bearing xenografts of HT-29 human colon cancer with various potent growth
hormone-releasing hormone (GH-RH) antagonists. Twice daily injections of antagonist MZ-4-71, 10 ug intraperitoneally or 5 pg
subcutaneously (s.c.) resulted in a significant 43—-45% inhibition of tumour growth. Longer acting GH-RH antagonists, MZ-5-156 and JV-1-36
given once daily at doses of 20 ug s.c. produced a 43-58% decrease in volume and weight of cancers. Histological analyses of HT-29
cancers demonstrated that both a decreased cell proliferation and an increased apoptosis contributed to tumour inhibition. GH-RH
antagonists did not change serum IGF-1 or IGF-II levels, but significantly decreased IGF-II concentration and reduced mRNA expression for
IGF-II in tumours. In vitro studies showed that HT-29 cells produced and secreted IGF-II into the medium, and addition of MZ-5-156 dose-
dependently decreased IGF-II production by about 40% as well as proliferation of HT-29 cells. Our studies demonstrate that GH-RH
antagonists inhibit growth of HT-29 human colon cancers in vivo and in vitro. The effect of GH-RH antagonists may be mediated through a
reduced production and secretion of IGF-II by cancer cells. © 2000 Cancer Research Campaign
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Colorectal cancer is the second most frequent cause of death frarmajor role in progression of colon tumours (Tricoli et al, 1986;
malignancies in the Western world (Hardcastle, 1997). Thd.ahm et al., 1992; Macaulay, 1992). IGF-Il mRNA was found to
survival of colon cancer patients could be substantially improvedbe overexpressed in about one-third of colon cancers while it was
by early diagnosis, but many colorectal cancers are detected anhat detectable in normal colonic mucosa cells (Michell et al,
late stage when surgery cannot cure the disease. At least 40%1%97). IGF-Il may have a regulatory role in the proliferation and
patients with colorectal cancer develop metastases during ttdifferentiation of human colonic carcinoma cells (Garrouste et al,
course of their illness (Labianca et al, 1997). Chemotherapy alor997). Colon cancer cells also produce specific proteases that
or combined with radiotherapy can be used as a treatmeniegrade IGF binding proteins (IGFBP) secreted by these cells,
approach for advanced disease or as an adjuvant therapy to surgtmys decreasing the protective effect of IGFBPs against activation
(Labianca et al, 1997). However, none of these approaches @ the IGF-I receptor (IGF-IR) (Michell et al, 1997).
highly effective against disseminated colonic cancer (Magnusson In view of the involvement of IGF-I and Il in growth of various
et al, 1995), and the search for new treatment modalities musimours, we synthesized a series of potent antagonists of growth
continue. hormone-releasing hormone (GH-RH) which interfere with the
In the past few years, more findings have been accumulate@H-RH-GH axis, reduce the secretion of IGF-I by the liver and
supporting the role of growth hormone (GH)—insulin-like growth decrease the level of IGF-I or -l in tumours (Schally, 1994;
factor (IGF) | axis in growth of colorectal cancers (Singh andZarandi et al, 1994, 1997; Schally et al, 1998; Varga et al, 1999).
Rubin, 1993; Pollak et al, 1987). Increased colon epithelial cellThese analogues inhibit growth of various experimental tumours
proliferation and a higher risk of developing colonic and other(Pinski et al, 1995; Lamharzi et al, 1998; Schally et al, 1998;
cancers were demonstrated in patients with acromegaly (Orme Ktaris and Schally, 1999). In the present study, we evaluated the
al, 1998), showing that elevated serum GH and IGF-I levels magffects of five GH-RH antagonists on growth of HT-29 human
be associated with a higher incidence of colon cancers and varioaslon cancers in vivo and in vitro.
other malignancies (Pollak et al, 1987, 1989; Pollak and Schally,
1998; Ma et al, 1999). In addition to IGF-I, IGF-1I may also play aMATERIALs AND METHODS
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D-Arg?,Phe(4-Clj,Arg®, Abu's, Nle?’,p-Arg|hGH-RH(1-29)NH(JV- were treated with 1% hydrogen peroxide for 15 min and then with
1-10), and [PhAc-Tyip-Arg? Phe(4-Cl,Arg®, Abut® Nle?,p-Arg?, 1.0N hydrochloric acid (HCI) at 6@ for 20 min. Incubation in
HarrlhGH-RH(1-29)NH, (JV-1-36) were synthesized in our labora- the monoclonal anti-BrdU (Sigma) for 60 min at room tempera-
tory by solid phase methods (Zarandi et al, 1994, 1997; Varga et djre (RT) was followed by another incubation in biotin-conjugated
1999). The peptides were dissolved inp2@imethylsulphoxide — anti-mouse 1gG (Vector, Burlingame, CA, USA)u6é mf, at RT
(DMSO) (Sigma, St Louis, MO, USA) and diluted with 10% propy- for 45 min. ABComplex/HRP reagent (Dako, Carpinteria, CA,
lene glycol in water. USA) was used for 30 min at RT, and the reaction was visualized
with DAB (Sigma). The BrdU containing nuclei in ten high power
. microscopic fields were counted and their number per 1000 cells
Animals and tumours :
was accepted as BrdU index.
Male athymic nude mice (Neu/ny, approximately 6 weeks old
on arrival, were obtained from the National Cancer InstituteE
(Frederick, MD, USA), and maintained under pathogen-limited
conditions. All experiments were approved by the institutionalFor electron microscopy in Experiment Il, 1 fhpieces of tumour
ACUC and the procedures were essentially in accordance wittissue were fixed in 2.5% glutaraldehyde for 1 h, postfixed in
UKCCCR guidelines for the welfare of animals in experimental2% OsQ for 1h, and embedded into Polybed (Polysciences,
neoplasia. The methods for culturing of HT-29 cells are describeWarrington, PA, USA). The ultrathin sections were counterstained
under in vitro studies. Xenografts were initiated by subcutaneougith uranyl acetate and lead citrate, and studied using a JEM 100
(s.c.) injection of 10cells into the right flank area of nude mice. B electron microscope (JEOL, Tokyo, Japan).
Two-mn? pieces of the developed tumours were further trans-
planted s.c. into the experimental animals.

lectron microscopy

IGF-I receptor assay

Receptor binding was characterized using sensitive in vitro ligand
competition assay based on binding &AJIGF-I (Amersham
Three in vivo experiments were performed. In Experiment |, thePharmacia Biotech, Piscataway, NJ, USA) as radioligand to
groups were treated as follows: (1) Control, injection vehicle onlyfumour membrane fractions (Pinski et al, 1995). In brief,
(2) MZ-4-71, 10ug twice daily; (3) MZ-5-186, 1Qg twice daily. = membrane homogenates containing 5041@@rotein were incu-
Groups 2 and 3 consisted of nine mice, and Group 1 had 1Bated in triplicate with 50-60 000 cpm radioligand and increasing
animals. The treatment was started 15 days after transplantation@incentrations (1€-10°mol I'Y) of non-radioactive peptides as
tumours and the mice were injected intraperitonealy (i.p.) twicecompetitors in a total volume of 150 of binding buffer. At the
daily for 33 days. In Experiment I, the treatment started 7 dayend of the incubations, the reactions were terminated by adding
after transplantation of tumours: Group 1 control received vehicléce-cold assay buffer to the tubes, and the bound ligand was sepa
only; Group 2 MZ-4-71 %ug twice daily s.c. for 25 days. In rated from free ligand by centrifugation. Radioactivity in the pellet
Experiment I, five groups were formed as follows: (1) Control, of each tube was counted in a gamma counter (Micromedic
vehicle only; (2) MZ-4-71; (3) MZ-5-156;(4) JV-1-10; (5) JV-1- Systems, Huntsville, AL, USA). Non-specific binding was
36. The treatment was initiated 19 days after transplantation. THe4-3.3% of the incubation concentration &P[IGF-1 in all

mice were injected once daily s.c. with |2 of analogues for 42 tumour samples examined. Protein concentrations were deter-
days. In Experiments Il and Il the groups consisted of ten animalsnined using a Bio-Rad protein assay kit (Bio-Rad Laboratories,
Tumour volume was measured weekly. At the end of the experiHercules, CA, USA). The LIGAND PC computerized curve-
ments, the mice were sacrificed under Metofane (Malinkrodfitting program of Munson and Rodbard (1980) was used to eval-
Vet.,, Mundelein, IL, USA) anaesthesia by exsanguination. Iruate types of receptor binding, the maximal binding capacity
Experiment Il, two mice in each group received 3 mg of bromo<{B,,,,) of the receptor and the dissociation constégt\alues.
deoxyuridine (BrdU) (Sigma, St Louis, MO, USA) i.p. 2 h before
sacrificing.

Experimental protocol

Radioimmunoassays for GH, IGF-1 and IGF-II

Serum GH was determined using materials provided by Dr AF
Parlow (National Hormone & Pituitary Program, Torrance, CA,
Samples were fixed in 10% buffered formalin. Specimens weréJSA): mouse GH 10783B for standard iodination and anti-rat GH-
embedded in Paraplast (Oxford Labware, St Louis, MO, USA)RIA-5/AFP-411S. The methods used for determination of IGF-I and
Mitotic and apoptotic cells were counted in sections stained withGF-II levels in serum, colon tumour samples and cell culture media
haematoxylin and eosin and their numbers per 1000 cells weiter acid—ethanol cryoprecipitation were described (Lamharzi et al,
accepted as the mitotic and apoptotic indices respectively. Fd998). Briefly, 100 mg of tumour tissue was homogenized in 1 ml of
demonstration of the nucleolar organizer region (NOR) in tumouhomogenization buffer (0.0% Tris—HCI/0.05m magnesium chlo-
cell nuclei, the AgQNOR method was used as described (Szepeshaizie (MgCL)/30 ug mi™ bacitracin, pH 7.6) and centrifuged at 2000
et al, 1991). The number of AQNOR granules is an indicator ofj (20 min at 4C). Protein determination in the supernatant was
cell proliferation. The silver-stained black dots in 50 cells ofperformed by using Bio-Rad (Hercules, CA, USA) protein assay kit.
each tumour were counted, and the AQNOR number per cell wasll serum and tumour homogenate samples were extracted by a
calculated. modified acid-ethanol cryoprecipitation method. The extracted IGF-
BrdU incorporated into cells advancing through S phase of cellin serum and tumour samples were measured by RIA using IGF-I
cycle was detected in paraffin-embedded tumour tissue b{88-G4 Genentech, San Francisco, CA, USA) standard and antibody
immunohistochemistry. Tissue sections on silanated glass slidé$82-495 (a gift from LE Underwood and J Van Wyk, University of

Histological procedures
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Table 1  Effect of treatment with various GH-RH antagonists on tumour volume and weight, IGF-II concentrations and IGF-1l mRNA expression in HT-29
human colon cancers growing in nude mice

Groups IGF-II in tumours
Tumour volume (mm 3) Tumour Concentrations mMRNA
weights (pg 100 pg™ expression
Initial Final (9) protein) (ratioto  B-actin)

Experiment | (dose 10 pg twice daily i.p.)

1. Control 116 + 31 5386 + 1120 5.68 +1.25
2. MZ-4-71 127 +57 2985 + 7267 3.63+0.97
3. MZ-5-186 122 +71 3657 + 808 4.91+0.94
Experiment Il (Dose 5 ug twice daily s.c.)
1. Control 22+7 9514 + 1809 10.27 + 2.04 408 + 13
2. Mz-4-71 23+4 5402 + 13312 7.53+1.81 264 + 102
Experiment Ill (dose 20 ug day™ s.c.)
1. Control 70 £ 31 2117 £ 751 2.36 £0.84 353+8 0.55 + 0.09
2. MZ-4-71 64 +18 1953 + 400 2.19+0.46 280+ 10 0.50+0.13
3. MZ-5-156 57 +18 908 + 1952 1.01+£0.172 228 + 242 0.31 + 0.05%
4.JV-1-10 67 £29 1194 + 5062 1.38 £ 0.582 297 + 16 NA
5. JV-1-36 45+ 12 890 + 3222 1.35+0.482 238 + 352 0.20 + 0.03®

Values are means + s.e.m, 2P < 0.05 vs control. NA = no data because of a technical problem. Experiments | and Il were done in 1995.

North Carolina, Chapel Hill, NC, USA) was used at the final dilu-IGF-I and IGF-Il mRNA expression in HT-29 cells and
tion of 1:14 000. IGF-II (Bachem, Torrance, CA, USA) standard andHT-29 tumours

Amano mAB generated against rat IGF-I1 i@ mI* were used at
the final dilution of 1:14 285 (Amano International Enzyme, Troy, HT-29 cells were harvested as described above 4 h after addition

VA, USA). of MZ-5-156 to the medium. Total RNA was extracted from
control and treated cells and tumour tissue samples as described
(Lamharzi et al, 1998).

The methods of reverse transcription (RT) and polymerase chain
The human colon cancer cell line HT-29 was purchased fromeaction (PCR) amplification were also reported earlier (Lamharzi
ATCC (Rockville, MD, USA). The cells were routinely grown as a et al, 1998). Three micrograms of total RNA was reverse-tran-
monolayer in McCoy 5A medium (Gibco, Grand Island, NY, scribed using the RT-PCR Kit (Stratagene, La Jolla, CA, USA)
USA) containing 5% fetal bovine serum (FBS) and antibiotics andccording to manufacturer’s instructions. PCRs for IGF-I, IGF-II
antimycotics. HT-29 cells were seeded into 96-well microplatesndp-actin (internal control) were carried out in a final volume of
and cultured for 24 h. IGF-I (10 and 25 nglIGF-Il (500 and  100pl containing 10 mn Tris (pH 8.8), 50 mu potassium chloride,

800 ng mtY), GH (5 and 25 ng mi) and MZ-5-156 (3« 107 and 1.5 mv MgCl,, 0.2 mm of each dNTP, sense and antisense primers
3 x 10°m) were added to the medium (t0). Controls receivedat a concentration of 0.1# each, and 2.5 Uraq 2000 poly-
medium only. After 66 or 90 h, in vitro cell growth was estimatedmerase (Stratagene). The primers for human IGF-I were
using the crystal violet assay (Bernhardt et al, 1992). The OD dtamharzi et al, 1998):" ACATCTCCCATCTCTCTGGATTTC-
600 nm of each well was measured using a Beckman (Palo ARGTTTTGC-3 (sense) and 'BCCCTCTACTTGCGTTCTTCA-
CA, USA) plate reader. Then, %T/C was calculated, whereAATGTACTTCC-3 (antisense). The primers for human IGF-II
T = optical density (OQ), ) of treated culturesand C=Qp, . were: 5AGTCGATGCTGGTGCTTCTCACCTTCTTGGC*3

of control cultures< 100 (t0 = OR,, at start of experiment). (sense) and 'BSTIGCGGCAGTTTTGCTCACTTCCGATTGC-

HT-29 cells were also cultured in serum-free medium containing GG-3 (antisense). The primers for hum@ractin were: 5
McCoy 5A, 0.5% bovine serum albumin (BSA), imyruvate, 50 TCATGAAGTGTGACGTGGAC-3(sense) and'5ACCGACTG-
pg mit transferrin and 1 m FeSQ. The IGF-I and IGF-Il concen- CTGTCACCTTCA-3 (antisense). PCR was performed in a
tration of the medium was measured by radioimmunoassay (RIAjzeneAmp PCR System 2400 (Perkin-Elmer, Norwalk, CT, USA)
and the effect of 3 x 107 and 3 x 10°%w of using a step programme of 35 cycles df®%or 15 s and 61 for
MZ-5-156, 25 ng mt of GH, 25 ng mtt of IGF-I, 800 ng mt* of 30 s for IGF-1 and IGF-II. Fof-actin, a step programme of 32
IGF-II, on cell proliferation was studied using the crystal violet assaycycles of 94C for 45 s, 60C for 45 s and 7L for 45 s was used.

For measurement of IGF-I and IGF-Il in media of HT-29 cells, The reaction was finished with a final step of@Zor 10 min.
samples were taken before seeding of cells (base medium) ahtgative controls containing RNA were used to confirm that the
24 h after seeding, immediately before treatments (t0). Theamples were not contaminated with genomic DNA. Ten
peptides were added to the media at concentrations describedcrolitres of the PCR products were separated on 1.8% agarose
above (8 wells for each), the controls receiving medium onlygel and visualized by ethidium bromide on a UV transilluminator.
Samples were taken 66 h and 138 h after addition of the peptidd$ie banded areas were scanned and quantified using an imaging
(t1 and t2 respectively). The experiment was done in duplicate. densitometer (Bio-Rad).

In vitro studies
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Figure 1  Tumour volume changes of HT-29 human colon cancer xenografts
in nude mice in Experiments | (A), Il (B) and Il (C). The mice were treated
with daily injections of GH-RH antagonists i.p. (Experiment I) or s.c.
(Experiment Il and 111). *P < 0.05. The vertical bars show s.e.m. of selected

groups

Statistical methods
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RESULTS

Effect of GH-RH antagonists on colon cancers in vivo

At the end of Experiments | and Il, the average tumour volume
in the groups receiving MZ-4-71 was reduced by about 45%
(P < 0.05) compared to the control groups (Figure 1 A,B). Tumour
weights were also decreased in the same groups in both experi:
ments, however, the differences from control were not significant
statistically (Table 1). In Experiment lll, daily treatment with
20ug day! of MZ-5-156 or JV-1-36 strongly inhibited growth of
tumours, reducing tumour volume by 57% and 58% and tumour
weights by 57% and 43% respectively. The effect of JV-1-10 was
weaker, and treatment with MZ-4-71 resulted only in a non-signif-
icant inhibition (Figure 1C). Tumour volume and weight data are
shown in Table 1.

Histological studies demonstrated that treatment with MZ-4-71
significantly reduced the number of mitotic cells and AGNOR
counts in tumours in Experiment | and Il (Table 2). In Experiment
I, the number of cells incorporating BrdU was reduced by 50% in
the group treated with MZ-4-71. AgNOR numbers and BrdU
indices of individual tumours showed a good correlatiorF (
0.75). In Experiment Ill, mitotic indices were lower in groups
treated with GH-RH antagonist, and AgNORs were reduced
significantly by all therapies. Apoptotic cells were identified by
their characteristic morphology in histological slides stained with
HE. Parallel electron microscopic investigations were helpful in
recognizing apoptotic cells (Figure 2). The number of apoptotic
cells was increased by MZ-4-71 in Experiment | and Il, and by
MZ-5-156 in Experiment Ill. The ratio of apoptotic to mitotic
indices was significantly higher in the groups receiving MZ-4-71,
Mz-5-156 and JV-1-36. The quantitative histological data are
shown in Table 2.

Receptor studies

In the control group of Experiment Il, radiolabelled IGF-1 was
bound to a single class of high affinitg (= 0.92+ 0.04 ), low
capacity B . = 129.7 + 16.6 fmol mg® membrane protein)
binding sites (Figure 3). Treatment with GH-RH antagonist MZ-4-
71 did not affect significantly the affinity<( = 0.83+ 0.10 nv), or
capacity B, = 135.9+ 32.4 fmol mg! protein) of the receptors

for IGF-I in HT-29 tumour membrane fractions.

IGF-I and IGF-II concentrations in tumour tissue

IGF-I concentration in the control tumours of Experiment Il was
219+ 4.2 pg 10Qug protein and 132 12.7 pg 10Qug* protein

in the cancers treated with MZ-4-71. The difference was not
significant statistically. IGF-Il levels in HT-29 cancers were
analysed in Experiments Il and Ill. The results are shown in Table
1. IGF-II concentrations were decreased in the tumours treated
with MZ-4-71 in Experiment Il, and after therapy with MZ-5-156
and JV-1-36 in Experiment Il1.

Expression of IGF-I and IGF-Il mRNA in HT-29 cells and
cancers

Statistical analyses of the data were performed using Duncani&F-Il mRNA in HT-29 cancers was expressed as |GF-dktin?

new multiple range test and Student’s two-tailetést. All
P-values are based on two-sided hypothesis testing.

© 2000 Cancer Research Campaign

ratios. The results are shown in Table 1. Treatment with MZ-5-156
and JV-1-36 in Experiment Ill reduced IGF-Il mMRNA in colon
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Table 2  Effect of treatment with various GH-RH antagonists on some histological characteristics of HT-29 human colon cancers growing in nude mice

Groups Mitotic index Apoptotic index Ratio of apoptotic Number of BrdU index
to mitotic indices AgNORs cell

Experiment | dose (see Table 1)

1. Control 11.2+14 73+x17 0.72+0.21 7.20+0.23

2. MZ-4-71 6.9+1.1° 100+1.1 1.56 £0.272 6.20 + 0.397

3. MZ-5-186 8.0+1.7 6.1+1.1 0.86 +0.20 6.40 +0.29
Experiment Il dose (see Table 1)

1. Control 16.5+1.2 54+0.6 0.33+0.04 6.85+0.16 140.0 + 28.4

2. Mz-4-71 12.0+1.3° 10.0 £ 0.7° 1.02+0.17° 5.60 + 0.11° 69.8 +7.42
Experiment Ill dose (see Table 1)

1. Control 141+1.2 73+13 0.57+0.14 6.99 +0.15

2. MZ-4-71 12.7+1.2 89+0.9 0.73 +0.09 6.16 + 0.10°

3. MZ-5-156 9.1+1.0° 114 +1.3? 1.40 £0.23?2 5.63 + 0.10°

4.JVv-1-10 106 +1.8 82+1.0 0.87 +0.12 6.25 +0.13°

5. JV-1-36 7.4+15° 94+1.1 1.33+0.172 5.77 £ 0.15°

Values are means + s.e.m., 2P < 0.05, °P < 0.01.

0.12—‘

0.10
| ]
0.08—
3 u
2 0.06
=}
[=]
m
0.044
0.02-
’ : S 0.00 : . . .
Figure 2 Electron microscopic picture of an apoptotic cell showing dense 0 30 60 90 120
shrunken nucleus and condensed cytoplasmic organelles in a HT-29 tumour Bound (pm)

after treatment with MZ-4-71 in Experiment Il (Bar = 5 um)

Figure 3 Representative example of Scatchard plots of [*?1]IGF-I binding to
the membrane fraction isolated from HT-29 human colon cancers. Specific
binding was determined as described. Each point represents mean of

cancers P < 0.05). A representative gel is shown in Figure 4.triplicate determinations
IGF- mMRNA could not be detected in HT-29 cancers.

increased cell growth after 66 I < 0.05). Slight stimulatory

Serum GH, IGF-1 and IGF-Il levels effects P < 0.05) were also seen after 114 h. MZ-5-156atl8°

Levels of GH, IGF-I and IGF-II in serum were determined inconcentration inhibited proliferation of the colon cancer cells at

Experiment Il and Ill. In Experiment ll1, treatment with MZ-5-156 both time points (Figure 6).

decreased serum IGF-1 by 26%, other analogues did not affect IGF-I concentration in serum-free medium was not increased

serum IGF-I levels (data not shown). None of the analogueafter seeding of HT-29 cells, and was not influenced by addition of

produced significant changes of serum IGF-1l and GH. MZ-5-156 or GH. However, IGF-II levels in serum-free medium

showed dramatic increases in relation to the time of incubation

after seeding of HT-29 cells, demonstrating that the cells secrete

IGF-1I into the medium. Adding of MZ-5-156 to the medium,

Exogenous IGF-I at 10 and 25 ng-mand IGF-Il at 500 and dose-dependently reduced IGF-II levels at 138 h culture time to

800 ng mt! concentrations enhanced growth of HT-29 cellsabout 60% of control values (Figure 7).

cultured in serum containing medium, and the stimulatory effects

of IGFs were more evident at 66 h (Figure 5). Addition of MZ-5-

156 to the medium at 810°m concentration inhibited prolifera- DISCUSSION

tion of the colon cancer cells (Figure 5), the effects beindGF-I is the mediator of the normal growth promoting effect of

significant after 114 h. GH, and operates by activating the IGF-I receptor (IGF-I R)
HT-29 cells were also grown in serum-free medium. The addi{Westley and May, 1995). The IGF-I R is required for cancer cell

tion of 25 ng mt* of IGF-I or 800 ng mt of IGF-II significantly proliferation by establishing and maintaining the transformed

In vitro studies

British Journal of Cancer 82(10), 1724-1731 © 2000 Cancer Research Campaign
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Figure 5  Effect of IGF-I, IGF-Il and GH-RH antagonist MZ-5-156 on growth
of HT-29 human colon cancer cells cultured in serum-containing medium 66
and 114 h after addition of the peptides. Growth was measured by crystal
violet assay and expressed as percentage of control. *P < 0.05 vs control
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Figure 4 RT-PCR analysis of human IGF-II and (3-actin mRNA expression " ','!:3,.:.}
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phenotype (Baserga, 1995). Overexpression of IGF-IRs is suff
cient for cell transformation and increased cell proliferation 0.0-
(Blakesley et al, 1997). Genetically engineered dominant negativ
human IGF-IR induces apoptosis and inhibits cell growth anc
tumorigenesis (D’Ambrosio et al, 1996)_ Figure 7 Concentration of IGF-I and IGF-II in serum-free medium 66 and

The IGF-IR is also target for IGF-Il. IGF-Il has an important 251 B 0 8 3 8 S0 ahote Ut O i s recetved
role in progression of various tumours (Singh and Rubin, 199%erum-free medium only. All IGF-II levels were higher at 66 h and 138 h than
Toretsky and Helman, 1996; Schally et al, 1998). Stimulation cthose at0h (P < 0.001). *P < 0.01 vs control at 138 h
IGF-IR by IGF-Il through autocrine or paracrine pathways
(Toretsky and Helman, 1996) may allow cancer cells to maintain
unregulated growth and resist programmed cell death (Singleton antibody to the IGF-IR inhibited growth of these lines (Lahm et al,
al, 1996). 1996). Williams et al (1992) also demonstrated the significance of

More and more findings are accumulating about the role of IGFIGF-1 in development of colon cancers, and the growth of several
Il 'in progression of colorectal cancers (Tricoli et al, 1986; Lahmcolon cancer cell lines in serum-free medium was stimulated by
et al, 1992, 1996; Toretsky and Helman, 1996). IGF-Il levels aréGF-I.
higher in blood of patients with colorectal cancer compared with In view of the essential role of IGFs in tumour progression, the
matching normal population, but IGF-I concentrations were foundegulatory mechanisms need to be clarified. According to the clas-
normal (elAtiq et al, 1994). IGF-II was found to be a growth factorsical hypotheses, IGF-I may function as a circulating hormone
for some colorectal cancer cell lines (Lahm et al, 1992). IGF-becreted by the liver in response to GH (Jones and Clemmons,
receptor was expressed in all 12 colon cancer cell lines tested, ah€95). GH may also regulate local production of IGF-I in other

Hours
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tissues. However, the regulation of IGF-Il is less clear and involvestudies, GH-RH antagonist MZ-5-156 inhibited the proliferation
ment of GH in IGF-Il production is controversial (Jones andof HT-29 cells growing in normal or serum-free medium. MZ-5-
Clemmons, 1995; Schally et al, 1998). The effects of IGFs are alstb6 also decreased the secretion of IGF-1I by HT-29 cells into the
regulated by IGF-binding proteins (IGFBP). IGFs bind to thesemedium, thus suggesting a receptor-based mechanism for tumour
proteins with higher affinity than to the IGF-I receptor and thusgrowth inhibition. Since the GH-RH antagonist exerted these
IGFBPs can modulate their bioavailability for tissues (Mohan anceffects in vitro, this reinforces the hypothesis of direct action of
Baylink, 1996; Toretsky and Helman, 1996). MZ-5-156 on HT-29 cells.

In the present study, various GH-RH antagonists inhibited Investigations are in progress to identify the peptide receptors
growth of HT-29 colon cancer xenografts with variable efficacy.that bind GH-RH antagonists in various tumours. It is probable
MZ-5-186 and JV-1-10 had only a small effect. MZ-4-71 was morethat these receptors belong to the common neuropeptide receptor
powerful when it was given twice daily, while MZ-5-156 and JV- family (Mayo, 1992) that can bind peptides with similar structures
1-36 caused the strongest inhibition. These differences in activityuch as VIP or GH-RH. After a future identification of binding
can be explained by different stability of the compounds in circulasites for GH-RH analogues some intracellular pathways of their
tion (Zarandi et al, 1994, 1997; Kovacs et al, 1996, 1997). It waaction may be clarified. The potent anti-tumour activity of GH-RH
demonstrated previously that MZ-5-156 has a longer life-span iantagonists supports the merit of further investigation of their
blood than MZ-4-71 (Kovacs et al, 1996, 1997), thus given once mechanisms of action and the development of more active and
day, MZ-4-71 is less effective than when administered twice dailystable analogues.

Histological analysis demonstrated that decreased cell prolifera- Our work indicates that GH-RH antagonists by virtue of
tion and increased apoptosis both contributed to tumour inhibitiomhibiting IGF-I and/or Il may offer new approaches to treatment
by the GH-RH antagonists. IGFs and IGF-IR have special antief colorectal cancer and other malignancies.
apoptotic activity. In our studies, the decrease in IGF-II activity
cagsed by the GH-RH antagonls_ts r_egl_JIted in a restoration of apoRbKNOWLEDGEMENTS
totic process that contributed to inhibition of tumour growth.

The mechanism of action of the GH-RH antagonists is not fulljWe thank Esther Li, Veronica Lea, Elena Glotser and llona
clarified, but our present in vivo and in vitro studies shed addiHoffmann for their technical assistance. The gift of materials for
tional light on the tumour inhibitory effects of these peptides.RIA provided by Dr AF Parlow, Dr LE Underwood and Dr J van
There were no changes in IGF-I levels in blood showing thatWyk from the National Institute of Diabetes and Digestive and
tumour inhibition can occur without a decrease in the systemiKidney Diseases (NIDDKs) National Hormone and Pituitary
supply of hepatic IGF-I. GH-RH antagonists did not affect bindingProgram are greatly appreciated. This work was partially
characteristics of IGFRs or IGF-I concentration in the tumours. Irsupported by a grant from ASTA Medica (Frankfurt on Main,
contrast, IGF-1l levels were significantly decreased in the HT-29Germany) to Tulane University School of Medicine and by the
cancers of mice treated with MZ-4-71, MZ-5-156 or JV-1-36, andVedical Research Service of the Veterans Affairs Departments (all
MRNA for IGF-II was also reduced in the same tumours. of AVS).

In vitro studies showed that HT-29 cells produce and secrete
IGF-II but not IGF-I. These findings are in accord with the results
of other studies (Lobie et al, 1990; Singh and Rubin, 1993; elAtiqtEFERENCES
et al, 1994). Exogenous IGF-I and IGF-Il enhanced growth of HTBaserga R (1995) The insulin-like growth factor | receptor: a key to tumour growth.
29 cells in our experiments. Lahm et al (1992, 1996) reported cCancer Res§5: 249-252
similar results, whereas others could not detect any effects @fernhardt G, Reile H, Bimbock H, Spruss T and Shonenberger H (1992)
exogenous IGEs on colon cancer cell growth (Singh and Rubin, Staﬁdardizeq kingtic migrpassay to quantifyldifferential chemosensitivity on the
1993). In view of the key role of IGF-II in cancers and the fact that, basis of proliferative activitd Cancer Res Clin Oncall 35-43
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targets for new therapeutic approaches to colorectal cancer. 339-344
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