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Glucagon-like peptide 2 (GLP-2) accelerates the growth of

colonic neoplasms in mice
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Background: Glucagon-like peptide 2 (GLP-2) is an intestinotrophic mediator with therapeutic potential in
conditions with compromised infestinal capacity. However, growth stimulation of the intestinal system may
accelerate the growth of existing neoplasms in the intestine.

Aims: In the present study, the effects of GLP-2 treatment on the growth of chemically induced colonic
neoplasms were investigated.

Methods: In 210 female C57bl mice, colonic tumours were initially induced with the methylating
carcinogen 1,2-dimethylhydrazine (DMH) and mice were then treated with GLP-2. Two months after
discontinuation of the carcinogen treatment, 135 of the mice were allocated to one of six groups which
were treated twice daily with 25 ng GLP-2, 25 g Gly2-GLP-2 (stable analogue), or phosphate buffered
saline for a short (10 days) or long (one month) period. The remaining 75 mice had a treatment free
period of three months and were then allocated to groups subjected to long term treatment, as above.
Results: Colonic polyps developed in 100% of the mice, regardless of treatment. Survival data revealed no
statistical significant differences among the different groups but histopathological analysis demonstrated @
clear and significant increase in tumour load of mice treated with Gly2-GLP-2. The tumour promoting
effect of native GLP-2 was less pronounced but the number of small sized polyps increased following long
term treatment.

Conclusions: The present results clearly indicate that GLP-2 promotes the growth of mucosal neoplasms.
Our findings highlight the need for future investigations on the effects of GLP-2 in conditions needing long
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33 amino acid peptide glucagon-like peptide 2 (GLP-2)
as a mediator of mucosal proliferation in the gut."™*
GLP-2 is co-secreted with GLP-1 from the intestinal
enteroendocrine L cells, with the presence of luminal
nutrients being the primary stimulus for secretion.*® The
GLP-2 receptor has been localised to the intestine and the
hypothalamus, tissues in which GLP-2 has been demon-
strated to exert its effects.” ' In addition to mediating
mucosal growth, GLP-2 also enhances the activity of several
absorptive enzymes together with mediation of an ileal brake
effect, indicating that its physiological significance may be to
ensure optimal intestinal absorption.” ¥
Because of these organ specific actions, supported by
several studies in experimental animal models of intestinal
diseases, a therapeutic role for GLP-2 has been sug-
gested.” ® "7 '* Recently, clinical improvement was observed
in GLP-2 treated patients with functional short bowel
syndrome.® This finding, together with experimental data
on GLP-2, will undoubtedly lead to more clinical studies.
However, little attention has been paid to the potential side
effects of GLP-2. In particular, a study on the effects of GLP-2
with respect to intestinal carcinogenesis would be relevant.
Thus it has been suggested that patients with inflammatory
bowel disease may benefit from treatment with GLP-2.'®
However, such patients have been considered to have an
increased risk of intestinal cancer which might be increased
further by GLP-2. Therefore, we investigated the potential
tumour growth promoting activity of GLP-2 in the well
established 1,2-dimethylhydralazine (DMH) model of colonic
cancer in mice which exhibits clinical and pathological
features similar to those observed in humans.'” *° Following
tumour induction by repeated exposure to the methylating
carcinogen DMH, mice were treated with native GLP-2 or

ﬁ growing body of evidence suggests a role for the

time treatment or with increased gastrointestinal cancer susceptibility.

Gly2-GLP-2, a metabolically stable analogue, for a short or
long period. The incidence of colorectal tumours was then
examined.

MATERIALS AND METHODS

Animals

Animal studies were approved by the Danish National
Committee for Animal Studies. A total of 210 female C57bl
mice weighing approximately 18-20 g (eight weeks old) were
obtained from the Panum Institute (University of
Copenhagen, Copenhagen, Denmark). They were maintained
throughout the course of the experiment on water and chow
(No 1314; Altromin, Lage, Germany) ad libitum in animal
facilities in temperature (21°C) and humidity (55%) con-
trolled rooms with a light-dark cycle of 12 hours.

Experimental procedure

Two weeks after acclimatisation, mice were allocated to a
schedule of subcutaneous injections of DMH (Sigma
Chemical Co., St Louis, Missouri, USA). Mice were given a
weekly dose of 20 mg DMH per kg body weight every seven
days for 12 weeks. The DMH solution was freshly made up in
0.001 M EDTA each week and buffered to a pH of 6.5 with
sodium bicarbonate. In a previous study using the DMH
carcinogenic model, different durations of treatment free
intervals were used.”’ Based on these experiences, we chose
to divide mice into two groups, with a treatment free interval
of two (2MO) or three months (3MO). Mice included in the
group with a treatment free period of 2MO were randomised
to one of six subgroups and mice in the 3MO group were
randomised into three subgroups. These subgroups were

Abbreviations: GLP-2, glucagon-like peptide 2; DMH, 1,2-
dimethylhydrazine; PBS, phosphate buffered saline
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Figure 1 Schematic schedule of the study design with animals allocated
info major groups according to the duration of the treatment free interval
after the last injection of 1,2-dimethylhydrazine. Mice were then
allocated to subgroups with different durations of treatment, with daily
injections of 25 pg native glucagon-like peptide 2 (GLP-2), 25 ng Gly2-
GLP-2, or phosphate buffered saline (controls).

treated as depicted in fig 1. Treatment periods of 10 days and
one month, respectively, were chosen to investigate both
acute and chronic effects. All treatments consisted of
subcutaneous injections twice daily of either 25 pg GLP-2
(1-33) (generously provided by Lars Thim, Novo Nordisk,
Bagsvaerd, Denmark), 25 ng Gly2-GLP-2 (Pepceuticals Ltd,
Leicester, UK), or phosphate buffered saline (PBS, control
group), all in a volume of 100 pl per injection. These dosages
were based on previous studies on the intestinotrophic
properties of the peptides.”” Gly2-GLP-2 is a metabolic stable
analogue of GLP-2 with an alanine — glycine substitution in
position 2.

During the course of the experiment, animals were
observed weekly for evidence of colonic tumours (that is,
bloody faeces, rectal prolapse, or cachexia) (table 1).

At autopsy, mice were sacrificed using CO,, and the colon
and rectum were filled with 4% paraformaldehyde and
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removed. The colon was then cut longitudinally at its
antimesenteric site and mounted on a polyethylene plate
and fixed for a further 24 hours. Specimens were then
flushed with water and stained as whole mounts with alcian
green 3BX.” After staining, they were rinsed with tap water
and stored in 70% ethanol. The colonic surface, immersed in
ethanol, was investigated and photographed with a Wild
photo microscope. Determination of the number and size of
neoplasms was performed in a blinded manner where the
origin of the tissue sample was unknown to the investigator.
Tumours were categorised according to their size: small
<0.5 mm; medium 0.5-1.0 mm; and large >1.0 mm (great-
est diameter). Following macroscopic scoring, tissue slices
were cut from some of the neoplasms (most cancer
suspicious) for histological evaluation. Tissue samples were
dehydrated and embedded in paraffin and cut into 10 pm
sections using a microtome. Sections were stained with PAS
haematoxylin aurentia and examined histologically in a
blinded manner. Of the 210 mice, 13 died at various time
intervals after DMH injection. They were found dead in their
cages, and postmortem necrosis hampered inspection of the
colonic mucosa.

Statistics

Results are shown as mean (SEM). Data were analysed by
ANOVA with post hoc analysis using Fisher’s protected least
significant difference test. Probability values of p<<0.05 were
considered significant.

RESULTS

Survival and body weight

During the period of DMH injections, no significant
differences in mean body weight or weekly weight gain were
observed among the groups with an intermediate period of
two months (2MO) or three months (3MO), respectively,
between the last injection of DMH and the first injection of
GLP-2 (1-33), Gly2-GLP-2, or PBS (data not shown). Survival
rates in Gly2-GLP-2 treated (3MO) mice were lower than
those in the other groups at the time of study termination but
differences between the groups were not statistically sig-
nificant (table 2). Only the control group (2MO with one
month of treatment) showed a difference between initial and
final body weight (table 2). At study termination, mice in the
one month Gly2-GLP-2 treated group (3MO) had an
increased final body weight compared with controls and
the GLP-2 treated groups (table 2).

Table 1

saline (controls)

Percentage of mice with the appearance of bloody faeces, rectal prolapse, or
cachexia (evidenced by progressive weight loss (>30% loss compared with initial body
weight) and signs of muscle wasting). Colonic neoplasms were induced by 1,2-
dimethylhydrazine and mice then underwent a treatment free period before dail
treatment with native glucagon-like peptide 2 (GLP-2), Gly2-GLP-2, or phosphate ﬁuﬁered

Controls GLP-2 Gly2-GLP-2
2 month treatment free interval (2MO)
10 days of treatment
Bloody faeces 10 11 11
Rectal prolapse 40 39 37
Cachexia 0 6 0
1 month of treatment
Bloody faeces 0 0 0
Rectal prolapse 21 15 26
Cachexia 0 0 4
3 month treatment free interval (3MO)
1 month of treatment
Bloody faeces 16 0 11
Rectal prolapse 40 19 28
Cachexia 7 7 33
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Table 2 Body weight and proportion of tumour bearing animals. Colonic neoplasms
were induced by 1,2-dimethylhydrazine and mice then underwent a treatment free period
before daily treatment with native glucagon-like peptide 2 (GLP-2), Gly2-GLP-2, or
phosphate buffered saline (controls)
Controls GLP-2 Gly2-GLP-2
2 month treatment free interval (2MO)
10 days of treatment
Survival (%) 100 95 100
Initial body weight (mg) 23.6 (0.2) 23.1(0.2) 23.3(0.3)
Final body weight (mg) 23.2(0.2) 23.3(0.3) 23.5(0.2)
Tumour bearing animals (%) 100 100 100
Animals with small tumours (%) 100 100 100
Animals with medium sized tumours (%) 95 77 95
Animals with large tumours (%) 90 72 84
1 month of treatment
Survival (%) 96 100 96
Initial body weight (mg) 23.9 (0.2) 23.4(0.2) 23.6(0.2)
Final body weight (mg) 22.9 (0.2)t 23.2(0.2) 23.8 (0.2)*
Tumour bearing animals (%) 100 100 100
Animals with small tumours (%) 100 100 100
Animals with medium sized tumours (%) 70 65 78
Animals with large tumours (%) 83 55 83
3 month treatment free interval (3MO)
1 month of treatment
Survival (%) 94 93 75
Initial body weight (mg) 23.6 (0.2) 23.4(0.2) 24.0(0.3)*
Final body weight (mg) 23.5(0.2) 23.6(0.2) 24.7 (0.4)*
Tumour bearing animals (%) 100 100 100
Animals with small tumours (%) 100 100 T
Animals with medium sized tumours (%) 96 96 100
Animals with large tumours (%) 76 63 100
Results are mean values and SEM.
$Numerous small sized tumours formed larger conglomerates which made it impossible to count the exact number.
*p<0.05, *p<<0.01 versus control and GLP-2. tp<<0.05 versus initial body weight.

Intestinal weight

Treatment with native GLP-2 for 10 days or one month
increased the absolute weight of the small intestine (data not
shown) and weight expressed in relation to final body weight
(fig 2A). In mice treated with Gly2-GLP-2, both absolute and
relative small intestinal weight were higher than in the
groups treated with native GLP-2. The relative weight of the
colon was not increased following treatment with GLP-2 for
10 days or one month (fig 2B). However, all groups treated
with Gly2-GLP-2 had increased weight of the colon, includ-
ing weight expressed relative to final body weight.

Intestinal neoplasms
Colonic polyps developed in 100% of mice (table 2).
Tumours were sessile plaques or polypoid lesions, and
ranged in size from 0.1 to 5 mm (greatest diameter).
Treatment with Gly2-GLP-2 for one month in both series
caused an increased number of all categories of polyps
compared with both the control and GLP-2 treated groups
(fig 3A, 3B). In the group treated with Gly2-GLP-2 after a
treatment free period of 3MO, the number of small tumours
was very high and often tumours were more or less confluent
which made it impossible to count the exact number of
distinct tumours. Treatment with native GLP-2 did not, to a
significant degree, affect the number of large or medium
sized polyps but the number of small polyps was increased in
mice treated with native GLP-2 for one month (2MO)
(fig 3C). Mice treated with native GLP-2 (3MO) also had
an increased number of small polyps compared with controls.

Histological examination

All tumours were non-malignant tubular adenomas; medium
sized and large polyps were most often pedunculated (fig 4A—
C). Small polyps were comparable with “aberrant crypt foci”.
All tumours were confined to the mucosa and there was no
penetration of the lamina muscularis mucosa, indicating

invasive growth. No differences with respect to tumour
histopathology were detected between the groups.

DISCUSSION

Repeated subcutaneous injections of DMH in mice gave rise
to neoplasm formation in the colon of all animals. Neoplasms
which predominately occurred in the lower part of colon and
in the rectum were diagnosed as tubular adenomas. This may
reflect the relative short period of time for tumour develop-
ment and it seems likely that these adenomas would
eventually develop into adenocarcinoma.* **> Our data indi-
cate that treatment with Gly2-GLP-2 significantly increased
the incidence of colonic neoplasms.

The DMH tumour model has previously been used to test
the carcinogenic effects of exogenously administered mito-
gens (for example, epidermal growth factor) which increased
the incidence of anal tumours significantly but had no effect
on colorectal polyps.* Interestingly, DMH induced colon
tumours in combination with surgical resection or bypass of
the intestine has also been investigated.”” ** The latter
operations activate adaptive intestinal growth mechanisms
and also resulted in an increased incidence of colonic
tumours.” ** It was suggested that tumour promoting factors
could be part of the adaptive response and that these factors
could include “systemic” rather than local factors.”® Because
of the present findings, and as endogenous levels of GLP-2
are increased in conditions with adaptive intestinal growth,”
it seems likely that these systemic factors with an influence
on tumour growth could also include GLP-2.

In the present study, native GLP-2 did not induce growth
of colonic neoplasms to the same extent as Gly2-GLP-2.
However, it should be noted that the doses of native peptide
and analogue used in the present study were not equipotent
but chosen solely on previous experience of their intestino-
trophic properties on the small intestine and effects on
intestinal growth.” The potency of Gly2-GLP-2 is greater than
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Figure 2 (A) Weight of the small and (B) large intestines as a
ercentage of final gody weight, in mice with colonic neoplasms induced
E 1,2-dimethylhydrazine (DMH) and then treated with native glucagon-
|iEe peptide 2 (GLP-2), Gly2-GLP-2, or phosphate buffered scﬁine
(controls). Mice underwent a treatment E‘ee period of two or three
months after DMH and then began daily treatment for 10 days or one
month. **p<<0.01 versus controls; 1p<<0.05 versus native GLP-2.

that of the native peptide, and thus treatment with Gly2-
GLP-2 induced growth of both the small and large intestine
whereas long term treatment with the native peptide induced
growth of the small intestine only. Rat GLP-2 receptor RNA
levels are present in the colon but the exact cellular
localisation of the receptor is still unknown.” ' '* However,
there appears to be reason to believe that some of the effects
of GLP-2 are elicited through other mediators (for example,
locally produced trophic factors). These may also be involved
in the promotional effects of exogenously administered Gly2-
GLP-2 or GLP-2 on intestinal neoplasms.

When survival data were evaluated, no statistically
significant differences were observed. However, only 75% of
Gly2-GLP-2 treated mice after a three month treatment free
period survived until study termination, suggesting that only
the healthiest animals in this group survived. Thus there
exists a potential risk that the most affected mice in this
group were the ones which died during the treatment period.
Hence this may have resulted in underestimation of the
number of polyps in the Gly2-GLP-2 treated group.
Paradoxically, this group had the highest gain in body weight
during the study period. However, these mice also had the
most pronounced intestinal growth (with colonic polyps) of
any of the groups. On average, the small and large intestines
weighed approximately 300 mg and 100 mg, respectively,
more than those of GLP-2 treated animals.
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Figure 3 (A) Incidence of large (greatest diameter >1.0 mm),

(B) medium (greatest diameter 0.5-1.0 mm), and (C) small (greatest
diameter <0.5 mm) polyps in the colon. Colonic neoplasms were
induced with 1,2-dimethylhydrazine, and mice then underwent a
treatment free interval of two or three months before daily treatment for
10 days or one month with native glucagon-like peptide 2 (GLP-2),
Gly2-GLP-2, or phosphate buFFerec?so“ne (controls). *p<0.05,
**p<0.01 versus controls; 1p<0.05 versus native GLP-2. In (C),
numerous small sized tumours formed larger conglomerates which made
it impossible to count the exact number in the group of 3MO Gly-2-GLP-
2 mice.

A major reason for using the DMH model of colonic cancer
was the fact that DMH induced colon adenomas and
adenocarcinomas are histologically similar to human colon
tumours."” * In addition, the general toxicity of DMH and its
procarcinogenic derivatives, which cause methylation of
DNA, RNA, and other proteins after metabolic activation, is
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Figure 4 All tumours were non—malignanr tubular adenomas confined

to the colonic mucosa. (A) Small sized tumours were comparable with
“aberrant crypt foci”’, (B) small sized tumours, (C) medium sized
tumours, ung(D) large sized tumours were most often pedunculated. No
invasive growth with penetration of the lamina muscularis mucosae was
observed. Original magnification x160.

avoided by the use of small repeatedly administered doses. It
has been suggested that the high organ specificity of DMH is
due to induction of aberrant patterns of apoptosis in
colonocytes, allowing cells which are damaged by methyla-
tion to proliferate.” Another major advantage of the DMH
model is that the carcinogen is rapidly metabolised and
cleared from the body.” Thus enhancement of neoplasia
observed in the study by treatment with Gly2-GLP-2 and to a
less degree that observed following treatment with native
GLP-2 occurred months after sequential exposure to the
primary carcinogen, and indicates that GLP-2 promotes the
development of existing colonic polyps. A clinical parallel
scenario might be when patients who are potential candi-
dates for treatment with GLP-2 have undetected colonic
adenomas.

The clinical implications of the present findings are still
uncertain. On the one hand, the results are not unexpected
as, from a biological point of view, a factor which mediates
growth under normophysiological conditions most likely will
do the same under pathophysiological conditions, including
precancerous conditions. However, the therapeutic use of
GLP-2 or its analogues will most likely be in the short term or
with intermittent use during a disease state. This may reduce
the potential tumour promoting effect. Two obvious caveats
of the present study should also be mentioned. Firstly, mice
were repeatedly exposed to high doses of a colon specific
carcinogen. This contrasts with the chronic low level
exposure to DNA methylating agents that human colonocytes
may encounter. In addition, mouse colonocytes differ from
their human counterparts in that they are generally less
sensitive to killing by methylating agents.** Thus it would be
premature to extrapolate the results of the present study
directly to human diseases. However, the enhanced incidence
of enteric and colorectal cancer in patients with inflamma-
tory bowel disease warrants caution if GLP-2 is to be
introduced as a therapeutic agent. A growth stimulatory
effect of GLP-2 on the intestinal system may accelerate the
growth of existing polyps or cancers in the intestine.
However, subjects with known existing neoplasms should
be excluded from treatment with GLP-2, especially long term
or, if treated, closely monitored. On the other hand,
endogenous levels of GLP-2 have not been demonstrated to
induce carcinogenesis per se but studies investigating the
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effects of GLP-2 on early stages of tumour development (for
example, GLP-2 treatment concomitantly with DMH) should
be employed.

In conclusion, the present data clearly demonstrate the
stimulatory effects of GLP-2 on the incidence of colonic
neoplasms and stress the need for future studies on the
tumour promoting properties of GLP-2 (for example, in
models with increased cancer susceptibility).
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Robin Spiller, Editor

An unusual case of abdominal pain

Clinical presentation

In March 2003, the patient exhibited severe right lower abdominal pain. This 71 year old
man was also suffering with severe diabetes mellitus and chronic renal failure, and had
undergone resection of the descending colon for mesenteric panniculitis in 2001. On
admission, the patient’s white blood cell count was 8900/ul and C reactive protein
concentration was 8.9 mg/dl. Serum blood urea nitrogen, creatinine, and K levels were
77 mg/dl, 4.8 mg/dl, and 4.6 mEq/l, respectively. An abdominal CT was performed (fig 1).

Question

How does it explain the abdominal pain?
See page 1158 for answer
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