
Background

In healthy adults, the small intestine is typically 3-8 m
in length, but in adults with short-bowel syndrome (SDS),
the length of functional small intestine is usually < 0.2 m.
The reduced intestinal area means that patients are less
able to absorb nutrients and fluids, potentially leading to
malnutrition and dehydration if left untreated. SBS is gen-
erally a result of surgical resection of the bowel, for exam-
ple in patients with recurrent Crohn’s disease, volvulus,
mesenteric vascular complications or necrotizing entero-
colitis; intestinal atresia in infants constitutes a congenital
form of the disorder (1-4).

There is no cure for SDS and current therapies
include provision of fluid and nutrients by parenteral nutri-
tion and pharmacological agents to reduce diarrhea and
gastric acid imbalances. Complications associated with
long-term parenteral nutrition include liver and biliary tract
complications, catheter-related infections, catheter occlu-
sion and metabolic complications, prompting the search
for alternative therapies. Intestinal transplantation has
been used, but with mixed success (1, 2, 5).

SBS following surgery can be a temporary condition in
some patients because the portion of the small intestine
that remains is able to increase its absorptive capacity in
compensation for the loss. The intestinal adaptation
involves lengthening and enlargement of the intestinal
villi, an increase in the diameter of the remaining intestine
and reduced peristalsis to slow the rate of progress of the
food. Mechanistically, this process is mediated by sever-
al gut hormones, including enteroglucagon, glucagon-like
peptide-2 (GLP-2), epidermal growth factor (EGF),
growth hormone (GH), cholecystokinin (CCK), gastrin,
insulin and neurotensin (1, 2, 6-12; see also a compre-
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Abstract

Short-bowel syndrome (SDS) refers to the functional
loss of large parts of the small intestine, causing malab-
sorption of nutrients and fluids, and malnutrition and
dehydration if left untreated. Parenteral nutrition is used
to manage the fluid and nutritional needs in patients with
SDS, but the cost and the risk of complications have
spurred the search for alternative therapies. Teduglutide
(ALX-0600) is a metabolically stable analogue of the
intestinal growth factor glucagon-like peptide-2 (GLP-2)
that promotes mucosal growth and nutrient absorption in
various animal models of SDS. In a phase II trial, tedu-
glutide increased fluid and nutrient absorption in patients
with SDS and it is currently in a phase III trial in patients
with this syndrome. The agent also showed promise in a
phase II study in patients with Crohn's disease.



increased, indicating receptor modulation following
exposure to teduglutide (25).

The intestinotrophic properties of teduglutide were
studied in vitro using isolated rat intestinal mucosal cells.
Exposure to 10 pM teduglutide produced a maximal
cAMP response (268%), which was reduced or com-
pletely abolished by pretreatment with > 1 nM teduglutide,
indicating receptor desensitization. Teduglutide stimulat-
ed a modest proliferative response (128% of control) that
was dependent on the activity of the protein kinase A
(PKA) signaling pathway. No changes in p44/p42 MAPK
(mitogen-activated protein kinase) phosphorylation or in
the levels of cytosolic calcium were detected in these
cells upon exposure to teduglutide (26).

In CD-1 mice, teduglutide (0.025-1.0 mg/kg/day once
or twice daily s.c. for up to 28 days) increased the weight
and length of the small intestine, and to a lesser extent the
colon (estimated ED50 = 0.065 mg/kg/day), in a time- and
dose-dependent fashion, reaching a plateau within 2
weeks of treatment initiation; once- and twice-daily dosing
produced similar effects. An increase in mucosal protein
and DNA content was also seen. The intestinotrophic
effect of teduglutide was fully reversible, returning to base-
line levels 10 days after cessation of treatment (27, 28).

The combination of teduglutide with other
intestinotrophic growth factors, i.e., insulin-like growth
factors-I and -II (IGF-I and -II), EGF and hGH, was also
investigated in mice. Teduglutide alone (2.5 µg s.c. twice
daily) caused increases in large and small bowel mass
and increased the crypt depth and villus height. Co-
administration of teduglutide with either hGH, IGF-I or a
combination of all five growth factors led to further
increases in intestinal growth (29).

The antiapoptotic effect of teduglutide was investigat-
ed in CD-1 mice injected with saline or 50 ng/kg-500
µg/kg teduglutide. Phosphorylation of protein kinase B
(PKB) increased 12-fold at the dose of 50 µg/kg and
reached a maximum within 30 min of injection. There was
also a 1.7-fold decrease in the cleavage of caspase-3 to
its active proapoptotic form. These results imply teduglu-
tide signaling through the PKB/Akt pathway to promote
cell survival in small intestinal epithelium (30).

Teduglutide reduced rat colon contractility with an IC50
of 4.9 nM (compared with 13.5 nM for native GLP-2) in an
ex vivo model of gastric emptying. Upon re-challenge of
the rat colon muscle strips after a washout period, the
contractile response to teduglutide was reduced, indicat-
ing GLP-2 receptor desensitization (31). 

Experiments in jejunal segments from CD-1 mice
demonstrated the ability of teduglutide to improve intesti-
nal epithelial barrier function via both the para- and trans-
cellular pathways (32-34).

Teduglutide administered chronically to rats (1 µg/g
s.c. twice daily for 10 days) had no effect on the diurnal
increase in SGLT1, GLUT1 or GLUT5 mRNA expression
but increased SGLT1 protein levels, particularly in apical
membranes (35). 

Following removal of 75% of the mid-jejuno-ileum in
rats, administration of teduglutide (0.1 µg/g s.c.) twice

hensive web page provided by Dr. Drucker,
http://www.glucagon.com/glp-2.htm).

GLP-2 was identified as an intestinotrophic agent a
number of years ago and both animal and human studies
have confirmed that GLP-2 plays an important role in reg-
ulating intestinal adaptation. However, the activity of 
GLP-2 itself is limited due to its rapid metabolism by dipep-
tidyl-peptidase IV (DPP-IV) (6, 13-17). Two strategies that
have been employed in an attempt to increase the half-life
of GLP-2 are enzymatic inhibition of DPP-IV and longer
acting analogues of the hormone (13, 14, 18, 19).

Teduglutide (ALX-0600) is a GLP-2 analogue with an
alanine-to-glycine amino acid substitution at position 2
which retains the activity of the parent compound in ani-
mal models and is resistant to DPP-IV degradation (1,
20). The agent is in phase III clinical trials for the treat-
ment of patients with SDS and in phase II studies for the
treatment of Crohn’s disease, and it has been granted
orphan drug status for SDS in the U.S. and the E.U.

Preclinical Pharmacology

Substitution of an alanine for a glycine at position 2 of
GLP-2 to give teduglutide resulted in in vitro resistance to
degradation by DPP-IV and reduced clearance in rats.
Functionally, s.c. administration of teduglutide to rats led
to an increased small intestinal weight, whereas native
GLP-2 had no intestinotrophic effect due to its rapid clear-
ance (20, 21). Using stably transfected BHK cells, the
receptor binding and cAMP-stimulating activity of tedu-
glutide was similar to parent compound, with respective
IC50 values for high-affinity sites of 4.8 and 2.2 pM,
respective values for low-affinity sites of 42.9 and 49.2
nM, and respective values for cAMP generation of 9.2
and 14.0 nM (22).

Reduced metabolism was also demonstrated in pigs,
where the tmax for native GLP-2 was 10 min and the plas-
ma half-life was 7.5 min following i.v. infusion. The tmax of
teduglutide was similar, but the half-life was 2.5 times
greater (17.4 min), consistent with its increased resis-
tance to the enzyme DPP-IV (23).

Using HEK293 cells stably expressing the human
GLP-2 receptor, teduglutide was found to potently dis-
place [125I]-[Tyr34]-hGLP-2 from high-affinity (Ki = 20 pM)
and low-affinity binding sites (Ki = 85 nM), and to stimu-
late adenylyl cyclase activity (EC50 = 0.5 nM). In vivo,
administration of teduglutide (0.25 mg/kg/day by twice-
daily s.c. injection for 14 days) to rats caused a 50%
increase in total small intestinal weight and pronounced
increases in cell proliferative activity in the duodenum and
jejunum (24).

In other experiments, HEK293 cells expressing the
human GLP-2 receptor were exposed to different con-
centrations of teduglutide, followed by a washout period
and re-challenge. When cells that had been preincubat-
ed at either 0.01 or 1 µM teduglutide for 1 h were 
re-challenged with > 0.01 µM teduglutide, cAMP accu-
mulation was attenuated. However, if the re-challenge
concentration was < 0.01 µM, cAMP production
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administered for 7 days prior to 5-FU, teduglutide (90 and
270 nmol/kg) significantly increased the small
intestine/body weight ratio compared to 5-FU-treated ani-
mals; administration prior to and concomitant with 5-FU
(15-270 nmol/kg) resulted in significant increases in small
intestine/body weight ratios and a significant reduction in
body weight loss, and administration prior to, concurrent
with and following 5-FU (30-270 nmol/kg) significantly
increased small intestine/body weight ratios (43).

In vitro, teduglutide protected BHK cells stably
expressing the rat GLP-2 receptor from the apoptotic
effect of the topoisomerase I inhibitor irinotecan.
Teduglutide blocked the activation of caspase-8 and -3
and reduced poly(ADP-ribose) polymerase (PARP)
cleavage in these cells. When mice were administered 
5-FU or irinotecan with or without teduglutide, the growth
factor prevented epithelial injury and crypt apoptosis,
reduced bacteremia and improved survival. In tumor-
bearing mice, teduglutide reversed the toxic effect of
irinotecan on the intestine but did not alter the antitumor
efficacy of the chemotherapy. It was concluded that the
antiapoptotic effect of teduglutide may be useful for atten-
uating intestinal mucositis in patients undergoing
chemotherapy (44).

Using a mouse model of experimental enteritis
induced by whole-body gamma irradiation, teduglutide
(0.2 mg/kg/day s.c.) twice daily for 6 or 14 days prior to
irradiation protected crypt stem cells from the damaging
effects of radiation (mean protection factor of 1.3-1.5).
This effect was only observed when teduglutide was
administered prior to radiation (mean protection factor of
0.86 when teduglutide was administered for 4 days post-
irradiation). These results provide further support for the
potential of teduglutide for protecting against mucositis
associated with cancer therapy (45, 46).

However, a possible cancer-promoting effect of
teduglutide was highlighted in a study in mice bearing
colonic neoplasms. The methylating agent 1,2-dimethyl-
hydrazine was used to induce colonic tumors in mice and
following a treatment-free interval of 2 or 3 months, mice
were treated with teduglutide (25 µg s.c. twice daily) or
vehicle alone for a further 10 days or 1 month.
Teduglutide treatment did not affect survival, but did
cause an increase in the tumor load, indicating the need
for further experimentation in this area (47).

In a mouse model of nonsteroidal antiinflammatory
drug (NSAID)-induced enteritis, induction of mucosal
injury by indomethacin (7 mg/kg injected twice) caused
50% mortality, whereas pre-, co- or post-treatment with
teduglutide reduced the indomethacin-induced mortality
(> 90% survival with pretreatment). Intestinal inflamma-
tion, intestinal ulceration and bacteremia in the surviving
mice were also reduced, accounting for the increased
survival. These actions were associated with increased
epithelial and crypt cell proliferation, reduced crypt cell
apoptosis and reduced intestinal permeability (48).

Teduglutide treatment (0.1 mg/kg s.c. twice daily for 3
days) also reduced intestinal permeability in a rat model
of acute necrotizing pancreatitis. This was associated

daily for 6-21 days induced mucosal hyperplasia in the
proximal jejunum and restored intestinal absorption, indi-
cating that it can enhance the intestinal adaptive
response to massive resection (36). 

In another study, removal of 60% of the distal small
intestine in rats was followed by treatment with vehicle or
teduglutide (50 µg s.c. twice daily for 2 weeks).
Teduglutide increased small intestinal weight to 174%
compared to vehicle-treated resected rats and increased
mucosal area in the proximal and mid-parts of the small
intestine. In a subgroup of treated animals that were left
for 4 weeks without further treatment, both the small
intestinal weight and mucosal area returned to levels
comparable to vehicle-treated controls, indicating that the
intestinotrophic effect of teduglutide is reversible upon
cessation of treatment (37).

Following 90% resection of the proximal small bowel
in male Lewis rats, the animals were treated with a num-
ber of intestinotrophic growth factors for 14 days. Sham-
resected animals (intestinal transection without removal
of intestinal material and treated with vehicle alone) had
gained 6.6% of their initial weight, whereas resected ani-
mals that had been treated with vehicle alone lost 6.2% of
their weight. The resected animals treated with GH or
IGF-I gained 9.9% and 6.0% of their initial weight, and
teduglutide-treated animals retained their initial weight.
All three growth factor treatments were associated with
variable increases in villus height and normalization of net
glucose flux (38).

To investigate the molecular mechanisms underlying
intestinal adaptation in response to teduglutide and other
growth factors, epithelial IEC-18 cell cultures were
exposed to IGF-I, EGF, bFGF, nerve growth factor (NGF)
or teduglutide. EGF, bFGF and teduglutide, but not IGF-I
or NGF, increased the mRNA levels of the immediate
early gene PC4/TIS7. Administration of teduglutide to
mice caused an increase in PC4/TIS7 mRNA levels in the
small bowel, indicating that this gene possibly plays a role
in coordinating the response of several intestinotrophic
growth factors in the intestinal adaptive response (39).

In a murine model of dextran sulfate-induced colitis,
co-administration of teduglutide for 10 days prevented
weight loss (20-25% weight loss in dextran sulfate + vehi-
cle-treated animals), reduced the expression of the
inflammatory marker IL-1, increased colon length,
increased crypt depth and enhanced mucosal area and
integrity (40, 41).

Teduglutide (0.1 µg s.c. twice daily for 3 days follow-
ing treatment with 5-fluorouracil [5-FU]) reversed the
chemotherapy-induced loss of jejunal wet weight, villus
height and crypt depth in a rat model of chemotherapy-
induced enteritis. Administration of teduglutide prior to
chemotherapy was less beneficial (42).

The optimal dosing regimen of teduglutide was further
explored in the 5-FU-induced enteritis model. In this
study, teduglutide was administered at doses of 15-270
nmol/kg for 3 or 7 days before 5-FU, together with 5-FU,
for 3 days before and together with 5-FU, and for 3 days
before, together with and for 3 days after 5-FU. When
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(protocol CL0600-004) (54). The primary endpoint in this
trial is a reduction in the use of parenteral nutrition fol-
lowing a 6-month dosing period of once-daily teduglutide
at either 0.05 or 0.1 mg/kg/day A 6-month extension to
protocol CL0600-004 is also under way (55).

Teduglutide has also been investigated in patients
with moderate to severe Crohn’s disease (protocol
CL0600-008). In this double-blind phase II trial, 100
patients were randomized to one of three active treatment
groups (teduglutide 0.05, 0.1 or 0.2 mg/kg/day) or place-
bo, self-administered as a daily s.c. injection for 8 weeks.
Teduglutide was well tolerated. Adverse events were mild
and included abdominal pain and injection-site reactions.
The primary endpoint, complete remission at week 8
(Crohn’s Disease Activity Index [CDAI] score = 150 or
less), was achieved by 56% of patients in the 0.2
mg/kg/day group compared to 33% of patients on place-
bo (56, 57). In an open-label extension to this study, all
patients received 0.1 mg/kg/day for a further 12 weeks
(protocol CL0600-009). At the end of this period (week
20), 63% of those on the initial dose of 0.2 mg/kg/day
were in remission (vs. 25% on placebo), and patients in
this group were most likely to maintain remission (56%
remission at week 24 vs. 10% remission in those initiating
on placebo). There were no serious adverse events, and
the most frequent adverse event was injection-site reac-
tions (58, 59).

Source

NPS Pharmaceuticals (US).
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