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BACKGROUND

In 1906, extracts of mucosa from the porcine upper small intestine
were used by Moore et al. as a treatment for diabetes, hoping that
“the pancreas secretion might be stimulated by the substance of the
nature of a hormone yielded by the duodenal mucosa membrane”
(1). In 1932, La Barre named the unidentified substance thought to
exert this effect “incretin” (2). Thirty years later, McIntyre et al.
demonstrated that gut derived factors have a potentiating effect on
insulin secretion after ingestion of glucose (3). Some years later, a
polypeptide was discovered and named gastric inhibitory polypep-
tide (GIP) because of its inhibitory effect on gastric acid secretion in
dogs (4). Eventually, it was shown to be insulinotropic at elevated
glucose concentrations (5-7). Its gastric inhibitory effects were weak
(8, 9) and it was, therefore, suggested that GIP should be renamed
“glucose-dependent insulinotropic polypeptide” (5-7). Today, both
names are still in use. Later, experimental and clinical studies sug-
gested that the gut produces more than a single insulinotropic hor-
mone (10, 11). In 1983, the gene encoding the human pancreatic

hormone, glucagon, was cloned, and the structure of its precursor,
proglucagon, was deduced and shown to include the sequence of
two glucagon-like peptides, in addition to glucagon itself (12). The
gene was found to be expressed in both the pancreatic a-cells and
the intestinal L-cells. The primary transcripts and translation prod-
ucts of the gene in the two types of cells are identical (13), but the
post-translational processing differs markedly in these two tissues
(14-16). In the pancreas proglucagon is cleaved to glucagon, glicen-
tin-related pancreatic peptide (GRPP) and a major proglucagon
fragment (14). Apart from glucagon, all of these fragments seem to
be biologically inactive (17). In contrast, in the intestinal L-cells, the
molecule is processed to GLP-1 (glucagon-like peptide-1), GLP-2
(glucagon-like peptide-2) (18) and glicentin (19) (Figure 1). GLP-1
was found to be strongly insulinotropic (20, 21) and GLP-2 to be a
key regulator of small bowel growth (22).

Today, therefore, we have two major incretin hormones: glucose-
dependent insulinotropic polypeptide (GIP) and glucagon-like pep-
tide-1 (GLP-1), which together are thought to be responsible for the
incretin effect. The incretin effect is quantitated by comparison of
the insulin response after oral and intravenous glucose, adminis-
tered in such a way that identical blood glucose concentrations are
obtained (23-26) .

GLUCOSE-DEPENDENT INSULINOTROPIC POLYPEPTIDE
(GIP) AND GLUCAGON-LIKE PEPTIDE-1 (GLP-1)

GIP is a 42-amino acid polypeptide secreted from the endocrine K-
cells of the duodenum and proximal jejunum after ingestion of car-
bohydrates, fat and amino acids, with fat being the most potent
stimulator of GIP secretion (27, 28). GIP acts through a specific
GIP-receptor in the B-cell plasma membrane (see below). The bind-
ing of GIP at the receptor on pancreatic [3-cell enhances exocytosis
of insulin containing granules (29). In addition to the insulinotropic
effect on the B-cell, GIP also influences lipid metabolism (27, 30,
31).

In mammals, GLP-1 is a 30 amino acid peptide with approxi-
mately 50% homology to glucagon. The GLP-1 nomenclature has
been confusing because different synonyms have been used for the
same molecular forms. The bioactive forms, amidated and glycine
extended GLP-1, are often designated GLP-1 7-36 amide and GLP-1
7-37, respectively, and it is now agreed that GLP-1 refers to these bi-
ologically active forms. GLP-1 is released in response to meal inges-
tion (32, 33), with lipids and carbohydrates being most potent in
stimulating secretion (34). As for GIP, the mechanism of the insu-
linotropic action of GLP-1 involves interaction with a specific recep-

Figure 1. Post-translational processing
of proglucagon in the pancreas and in PROGLUCAGON
the intestine.
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GRPP GLUCAGON GLP-1 GLP-2
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364

DANISH MEDICAL BULLETIN voL. 51 No. 4/NOVEMBER 2004



tor belonging to the glucagon subfamily of G-protein-coupled re-
ceptors, located on the pancreatic B-cells, with subsequent activa-
tion of adenylate cyclase. The actions on the B-cell seem to be
related to accumulation of cAMP within the cell and include closure
of K* channels, elevation of cytosolic Ca** concentrations and mo-
bilization of a pool of insulin containing granules (29, 35). Besides
stimulating glucose induced insulin secretion, GLP-1 also increases
insulin biosynthesis (36) and stimulates B-cell growth and prolifer-
ation (37). It also inhibits glucagon secretion (38), hepatic glucose
production (39, 40), and gastrointestinal motility (41, 42), and pro-
motes satiety and fullness, thereby reducing food intake (43, 44).

GLP-1 is strongly insulinotropic in humans, and administration
of an antagonist to the GLP-1 receptor, exendin 9-39, in healthy sub-
jects suggests that GLP-1 is essential for normal glucose tolerance in
humans (45). Similarly, mice with a targeted deletion of the GLP-1
receptor become glucose intolerant and develop fasting hyperglyc-
aemia (46). Impaired glucose tolerance is also seen in mice with a
targeted deletion of the GIP receptor gene (47). Postprandial con-
centrations of GIP are much higher than postprandial GLP-1 con-
centrations. Some investigators have found GIP and GLP-1 to be
equally potent with respect to insulin secretion (48). While, others
found GLP-1 to be 3-5 times more potent than GIP (49-51). GIP has
been reported not to stimulate insulin secretion significantly at fast-
ing plasma glucose levels (49, 50, 52), on the other hand, as sug-
gested by others, the GLP-1 concentration in the fasting state and
during an oral glucose tolerance test may be too low to stimulate in-
sulin secretion (50). Thus, the contributions of GIP and GLP-1 to
the incretin effect under normal physiological conditions with small
plasma glucose excursions in humans were unclear, and required
further investigation.

The finding of an impaired or absent incretin effect in type 2 dia-
betic patients (49, 53) focused attention on the possible importance
of GIP and GLP-1 in diabetes mellitus. An impaired incretin effect
may contribute to the pathogenesis of type 2 diabetes mellitus. In
healthy subjects, approximately 50-70% of the insulin response to
oral glucose is due to the incretin hormones (54). Loss of their effect
might contribute to the impaired postprandial insulin response in
type 2 diabetic patients. However, GLP-1 was shown to retain insu-
linotropic action in diabetic patients (55, 56) without risk of hypo-
glycaemia when given subcutaneously to obese type 2 diabetic pa-
tients (57) and insulin sensitive normal weight type 2 diabetic pa-
tients (58). Thus, administration of an intravenous infusion of GLP-
1 normalised blood glucose concentrations in type 2 diabetic pa-
tients — even in patients with long-standing disease and secondary
failure of oral antidiabetic drugs (55).

An impaired incretin effect in type 2 diabetic patients could
theoretically be caused by either a decreased secretion, an increased
elimination or an impaired effect of the incretin hormones. There-
fore, it is the aim of this review to evaluate the relative contribution
of the incretin hormones and discuss their relation and their possi-
ble importance for the pathogenesis of diabetes mellitus, by analysis
of their secretion and effects in such patients.

SECRETION AND METABOLISM OF INCRETIN HORMONES
IN DIABETES MELLITUS

After the secretion of GIP and GLP-1, from the K- and L-cells, re-
spectively, in the intestine, both hormones are inactivated in the cir-
culation by the enzyme dipeptidyl peptidase-1V (DPP-1V) (59-62).
This enzyme, in addition to its localization at sites such as the intes-
tinal and renal brush border membranes, is also found on the capil-
lary surfaces and in a soluble form in plasma (63). It cleaves off the
two N-terminal amino acids of peptides with a penultimate proline
or alanine, and for both incretin hormones, this abolishes their bio-
logical activity (59-62, 64, 65). While GLP-1 is rapidly degraded in
the circulation, resulting in a clearance which exceeds cardiac out-
put and results in an apparent half-life of 1-1.5 min (60, 66). GIP is
degraded more slowly, with a half-life for the intact hormone of 7
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min (60). The truncated metabolites are eliminated more slowly,
with half-lives of 4-5 and 17 min respectively (60, 66). In most
studies, plasma GIP and GLP-1 concentrations have been measured
with assays that do not distinguish between the intact hormones and
their metabolites. Although these non-discriminating assays are use-
ful for the estimation of the rate of secretion of the hormones
(which is reflected in the sum of the concentrations of the intact
hormones and their primary metabolites) they do not provide infor-
mation about the level of the intact biologically active hormones.
This raises the possibility of over- or underestimating their effect on
pancreatic islet secretion, because this effect will only be related to
the plasma concentrations of the intact hormones. Total GLP-1 con-
centrations have been reported to be increased (67) or reduced (68,
69) in obese subjects, to be higher in women than in men (70), and
to be either increased (71, 72), decreased (70) or unchanged (73, 74)
in subjects with impaired or diabetic glucose tolerance. The discrep-
ancies between these studies may reflect the differences with respect
to assay specificity. The early assays reacting with all GLP-1 contain-
ing moieties, including pancreatic forms, reflecting the well known
hypersecretion of pancreatic proglucagon products in type 2 dia-
betes (72), and later assays measuring not only intact GLP-1 but also
the inactive metabolites (GLP-1 (9-36)amide). Since the concentra-
tions of the intact, biologically active hormones are unknown in
type 2 diabetic patients, we measured plasma concentrations, using
newly developed assays for intact GIP and intact GLP-1, after a
mixed breakfast meal (566 kcal) in 12 middle aged, obese type 2 dia-
betic patients and 12 matched healthy subjects (75). Fasting levels
and meal responses were similar between patients and healthy sub-
jects for total GIP (intact+metabolite) as well as intact GIP, except
for a significantly lower plasma concentration in the patients at 120
min. In contrast, the response of both the total and intact GLP-1 was
characterized by an early rise (30-45 min) and a significantly re-
duced late phase (75-150 min) in the type 2 diabetic patients com-
pared to the healthy subjects, supporting the hypothesis that a de-
creased plasma concentration of GLP-1 may contribute to the inap-
propriate insulin secretion in type 2 diabetes (75). Lugari et al., in
almost simultaneously published reports, described an absent GLP-
1 response to a small meal (230 kcal) in both type 1 and type 2 dia-
betic patients (76). Possible explanations for the decreased GLP-1
secretion could include altered gastric emptying rate, resulting in in-
creased absorption in the proximal intestine, and less food reaching
the distal intestine where the GLP-1 producing L cells are more nu-
merous. In agreement with this notion, increased exposure of the
distal intestinal mucosa to carbohydrates, elicited by administration
of a-glucosidase inhibitors or accelerated gastric emptying, increase
GLP-1 secretion (77, 78). However, the gastric emptying rate is not
consistently changed in type 2 diabetes mellitus and obesity, al-
though it has been reported as delayed (79, 80). The obese subjects
may have increased proximal absorption rates (81) which could pro-
vide an explanation for the decreased GLP-1 secretion in obesity
(because of the preferentially distal localisation of the L-cells) (69,
71, 82). It was therefore possible that ingestion of a small meal with
a relatively higher proximal absorption than after a large meal would
result in a relatively lower secretion of the distal incretin hormone,
GLP-1.

We, therefore, evaluated postprandial concentrations of intact
and total GIP and GLP-1 in type 1 and type 2 diabetic patients and
in two groups of matched healthy subjects (lean and obese) in re-
sponse to ingestion of a small and a large breakfast meal of 260 and
520 kcal, respectively (83). Significantly enhanced incretin responses
in response to the large meal occurred in type 1 and 2 diabetic pa-
tients and in lean and obese healthy subjects compared to the small
meal. The increased incretin response to the larger meal is probably
best explained by the increased exposure of the incretin hormone-
producing endocrine K and L-cells of the intestinal mucosa to nutri-
ents, since there were no differences in gastric emptying rates during
the large versus the small meal between the four groups or between
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the two different meal tests. Our previous finding of a decreased
GLP-1 response in type 2 diabetic patients compared to healthy con-
trols was confirmed (75) suggesting that type 2 diabetic patients
generally have an attenuated GLP-1 secretion, which may contribute
to the impaired insulin response. In a recent paper, Lugari et al.
found that even after ingestion of 700 kcal, a GLP-1 response could
not be detected in type 2 diabetic patients (84). Their results are in
contrast to the present study and many other studies, and the differ-
ence can only be explained by differences in methodology or by un-
expected differences with respect to the type 2 diabetic patients. Our
type 1 diabetic patients had a normal incremental total and intact
GLP-1 response compared to lean healthy subjects. In agreement
with our previous studies, the GIP responses were similar in diabetic
patients and healthy subjects. Therefore, the conclusion in respect to
secretion of incretin hormones in patients with diabetes mellitus is,
that a decreased GLP-1 secretion, reflected in lower concentrations
of both the intact and degraded hormone, in our study measured
with two different assays, may contribute to the impaired insulin se-
cretion in type 2 diabetes mellitus, whereas GIP and GLP-1 secre-
tion is probably normal in type 1 diabetic patients.

The lower GLP-1 concentrations could be caused by either a de-
creased secretion of GLP-1 or an increased elimination of GLP-1 in
diabetic patients compared to healthy subjects. The possibility of
differences in metabolism between diabetic patients and matched
healthy subjects was investigated in a separate study, involving intra-
venous bolus injections of increasing doses of GLP-1 (2.5 to 25 nmol
GLP-1) (85). We found similar pharmacokinetic profiles for intact
GLP-1 as well as the primary metabolite, after the four different
doses of GLP-1, in type 2 diabetic patients and matched healthy sub-
jects. The decreased plasma concentrations of GLP-1 seen after in-
gestion of a standard breakfast meal in type 2 diabetic patients is
therefore, most likely, caused by a decreased secretion of GLP-1 in
the patients (85). In identical twins discordant for diabetes, the total
GLP-1 secretion profiles were lower in the diabetic twin (70). In first
degree relatives of diabetic patients, the 24-h GLP-1 secretion was
normal (86). A decreased secretion of GLP-1 therefore, seems to be
secondary to the diabetic condition.

THE EFFECT OF THE INCRETIN HORMONES IN PATIENTS
WITH DIABETES MELLITUS

It has been controversial which of the incretin hormones is the most
important during normal physiological conditions in healthy sub-
jects. We evaluated the effects of physiological concentrations of
GLP-1 and GIP on insulin secretion at plasma glucose concentra-
tions clamped stepwise at physiological levels to clarify their relative
roles in potentiating glucose induced insulin secretion in healthy
subjects. An underlying assumption of the study was that the glu-
cose concentrations had to be clamped at the desired level (both
during fasting and postprandial levels), because even the slightest
stimulation of insulin secretion would be expected to lower plasma
glucose concentrations and, thereby, remove the glucose stimulated
insulin secretion that the incretin hormones are thought to poten-
tiate (36, 87). The study was, therefore, designed as a stepwise glu-
cose clamp, with the first step of the clamp at the individual fasting
glucose level, which was increased to 6 and subsequently 7 mmol/l,
with concomitant infusions of either saline or GIP or GLP-1, in
amounts calculated to result in physiological postprandial elevation
of plasma concentrations. The results were compared to the insulin
and incretin hormone responses during a meal test (comprising 566
kcal) (88). The peptides appeared to have similar insulinotropic ef-
fects at fasting glucose concentrations and at 6 mmol/I. At 7 mmol/I,
the GLP-1 infusion resulted in significantly higher insulin secretion.
This could indicate that at higher glucose levels, the effect of GLP-1
may be more potentiated than the effect of GIP, but further studies
are needed to substantiate this. The concentrations of total GIP and
GLP-1 obtained during the meal amounted to approximately 100-
110 and 20-25 pmol/I, respectively. Peak concentrations of the incre-
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tin hormones observed during the infusions were 300-360 and 50-
60 pmol/l, respectively, with similar levels being obtained at all three
glucose levels. The levels obtained can be considered high in the
physiological range, but not irrelevant, however, since larger meals
consisting of 1.000-1.100 kcal have been shown to elicit higher GIP
and GLP-1 concentrations, corresponding to those obtained in this
study, when measured with the same assay which was employed in
our investigation (33). The present meal contained only 566 Kkcal,
and the plasma concentrations obtained reflect to the amount of
kcal ingested. It is, therefore, reasonable to assume that the range of
concentrations of the incretin hormones obtained covers the entire
physiological spectrum. A similar relationship between meal in-
duced concentrations and those resulting from infusion were ob-
served with respect to the concentration of the intact hormones. It
was concluded from the study that during normal physiological
plasma glucose levels of up to 6 mmol/l, GIP and GLP-1 contribute
nearly equally to the incretin effect in healthy subjects, whereas at
higher glucose levels, GLP-1 may be more potent than GIP in stimu-
lating insulin secretion (88). Notably, both hormones were insulino-
tropic in physiological concentrations at fasting glucose levels, indi-
cating that both incretin hormones act to amplify insulin secretion
almost from the beginning of a meal, which typically results in a rise
in the concentrations of the incretin hormones after 10-15 minutes
(75).

Although, the incretin hormones, therefore, may contribute
equally to the incretin effect in healthy subjects, it remained to be es-
tablished whether the impaired incretin effect found in patients with
type 2 diabetes mellitus (49, 74) might result from an impaired in-
sulinotropic effect of either GIP or GLP-1. The B-cell secretory cap-
acity depends on 1) the total B-cell mass 2) the secretory capacity of
the individual cells, and 3) the sensitivity of the individual cells to
the applied stimulus. In diabetic patients, all of the three may be im-
paired. In type 2 diabetes particularly, insulin secretion to glucose
stimulation is impaired or absent (89). In evaluating B-cell secretory
capacity, it is, therefore, important to choose a stimulus to which -
cell sensitivity is preserved. To evaluate whether GLP-1 could be
such a stimulus, B-cell secretory responses to GLP-1 in various doses
and modes of administration, was compared with the responses to a
meal, to glucagon and to arginine injected during a hyperglycaemic
clamp (30 mmol/l) in obese type 2 diabetic patients and in matched
healthy subjects (90). In the dose-response part of the study, we
found that similar peak insulin and C-peptide concentrations could
be obtained with a standard meal, 2.5 nmol of GLP-1 and 1 mg (287
nmol) of glucagon in the type 2 diabetic patients, indicating that
GLP-1 is as efficient as glucagon as a stimulus for b-cell secretion.
GLP-1 however, in this 100 fold lower dose, had markedly fewer side
effects than glucagon. The results obtained in an extended group of
patients (n=12) and healthy subjects were similar to those obtained
in the initial dose-response study (90). However, significantly
greater responses could be obtained with the higher doses of GLP-1,
and a maximal response to a single injection of GLP-1, therefore, re-
quires doses higher than 2.5 nmol (90). On the other hand, an in-
creasing number of patients reported side effects with the higher
doses. In the normal subjects, similar responses were obtained with
all doses. The finding that a dose-response relationship existed for
the patients, but not for the healthy subjects suggests that the sensi-
tivity of the B-cell to GLP-1 may be reduced in the patients, a con-
clusion that was also reached by Kjems et al. (91) using an entirely
different experimental approach.

In the same study (90), we compared the responses of a combined
glucose (15 mmol/l) + GLP-1 stimulation (2.5 nmol as a bolus injec-
tion) to those obtained in response to a 30 mmol/Il hyperglycaemic
clamp plus arginine (by some authors called “the golden standard”
when evaluating [B-cell secretory capacity) as described by Ward et
al. (92). The incremental insulin and C-peptide responses to GLP-1
and arginine + 30 mmol/I glucose were similar for diabetic patients,
but both the plasma insulin and C-peptide concentrations increased
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during the glucose clamp so that the absolute B-cell response was
greater with arginine than with GLP-1. The effect of glucose on the
B-cell during the 45 min hyperglycaemic clamp may explain the
higher absolute insulin and C-peptide responses during the arginine
injection. Thus, even in patients with type 2 diabetes, the maximal
secretory capacity of the B-cell can only be elicited with a combina-
tion of very high glucose concentrations (i.e. much higher than the
patients’ daily glucose levels) and an additional, potent secretagogue
which could be either GLP-1 or arginine. However, the amount of
insulin secreted during normal daily life as e.g. after a mixed meal,
may be gauged rapidly and conveniently and with little discomfort
for the patients with as little as 2.5 nmol of GLP-1 i.v. This could be
useful e. g. in situations when instigation of insulin therapy is con-
sidered in patients with type 2 diabetes. The test may also be useful
in estimating residual b-cell capacity in patients with type 1 dia-
betes.

Previous studies have indicated that whereas GLP-1 is strongly in-
sulinotropic in patients with type 2 diabetes mellitus, the effect of
GIP is much weaker or absent (49, 74, 93). The effect of GIP in type
2 diabetic patients is an important issue, because a defect in GIP ac-
tion could contribute to the impaired incretin function. We, there-
fore, investigated more closely the potentiating insulinotropic effects
of GIP, using the preserved 3-cell response to GLP-1 as a measure of
the insulin secretory capacity (90). The study protocol included bo-
lus injections of GIP and GLP-1 concomitant with elevation of
plasma glucose to 15 mmol/I in obese type 2 diabetic patients and
matched healthy subjects (94). The purpose was to develop a test
which could be used in evaluating insulin responses after GIP and
GLP-1 administration in different subgroups of diabetic patients, al-
lowing characterization of their -cell response to the two incretin
hormones, and in turn, analysis of the epidemiology of impaired
GIP responsiveness. Surprisingly, during this acute stimulation, we
found a relative insulin response to GIP in obese type 2 diabetic pa-
tients which was exactly the same as in the healthy subjects (94). The
conclusions of these “bolus-studies” were, therefore, that diabetic
patients express a functional GIP-receptor and that the “early
plasma insulin response” is the same in diabetic patients and
matched healthy subjects during both GIP and GLP-1 stimulation.
Therefore, these initial studies could not confirm the impaired in-
sulinotropic effect of GIP in type 2 diabetes mellitus. We then
changed the experimental design to include a more prolonged
stimulation of the B-cell, in order to estimate both “early” and “late
phase” insulin and C-peptide responses (94). Hyperglycaemic
clamps (15 mmol/l) with infusions (per kg body weight/min) of
either 1 pmol GLP-1 (7-36)amide, 4 pmol GIP, 16 pmol GIP or no
incretin hormone, were performed in obese type 2 diabetic patients
and matched healthy subjects. “Early phase” (0-20 minutes) insulin
responses to glucose were delayed and almost absent in the patients,
but were enhanced similarly by GIP and GLP-1, although not to
normal levels. During the “late phase” (20-120 minutes) GLP-1 aug-
mented insulin secretion to levels similar to those observed in
healthy subjects during glucose alone. In other words, GLP-1 was
capable of restoring completely the B-cell response to glucose. A
similar result was obtained by Kjems et al. using an entirely different
methodology (91). In contrast, there was no amplification of the
“late phase” insulin response, compared to glucose alone, during in-
fusion of GIP regardless of the dose. Accordingly, whereas a doubl-
ing of the glucose infusion rate was required during the GLP-1 stim-
ulation in the “late phase” period (20-120 minutes), the glucose in-
fusion rates required to maintain the hyperglycaemic clamp were
similar between glucose alone and glucose plus GIP. Lack of GIP
amplification of the late phase insulin response to glucose, which
contrasts markedly the normalising effect of GLP-1, may therefore,
be a key defect in insulin secretion in type 2 diabetic patients (94).

To investigate whether this is a primary defect or secondary to the
diabetic state, we studied the GIP responsiveness of 5 groups of dia-
betic patients, with completely different aetiology: 1) patients with
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diabetes mellitus secondary to chronic pancreatitis (CP) 2) lean type
2 diabetic patients (BMI <25 kg/m?), 3) patients with latent autoim-
mune diabetes in adults (LADA), 4) diabetic patients with muta-
tions in the HNF-1a gene (maturity-onset diabetes of the young
(MODY3)) and 5) newly diagnosed type 1 diabetic patients. All par-
ticipants underwent three hyperglycaemic clamps (2 hours, 15
mmol/l) with or without continuous infusion of incretin hormones
(saline or 1 pmol GLP-1 (7-36)amide or 4 pmol GIP pmol/kg body
weight/min) to provide a prolonged stimulation of the B-cell (95).
In this study, we showed that the early phase (0-20 min) plasma in-
sulin response tended to be enhanced by both GIP and GLP-1 com-
pared to glucose alone in all 5 groups of diabetic patients. In con-
trast the “late-phase” (20-120 min) insulin response to GIP was at-
tenuated compared to the insulin response to GLP-1 in all 5 groups.
Accordingly, glucose infusion rates required to maintain the hyper-
glycaemic clamp were not significantly different between GIP and
GLP-1 clamps in the “early-phase”, whereas significantly higher in-
fusion rates were required during the “late phase” of the GLP-1
stimulation compared to the GIP stimulation (95). We, therefore,
concluded that the lack of GIP amplification of the late phase insu-
lin response to glucose seems to appear as a consequence of the dia-
betic state (95).

The differential responsiveness of the B-cell to GIP and GLP-1 is
surprising, because their intracellular signal transduction mechan-
isms involve many common steps, except for transmission via
closely related, but highly specific membrane receptors (35, 96).
Thus, when activated, these receptors generate identical changes of
membrane potential, intracellular calcium responses, membrane
currents, and cAMP responses (97, 98). Furthermore, the insulino-
tropic effects of both peptides are similarly potentiated by sulphony-
lurea treatment and similarly augmented in the genetically obese
(fa/fa) Zucker rat (99). It has, therefore, been concluded that the two
receptors are likely to activate the same intracellular machinery. The
hypothesised lack of expression of a functional receptor as the cause
of the impaired insulin response to GIP in type 2 diabetic patients
(100, 101) can be rejected because of the similar early phase re-
sponses to GIP. Molecular genetic studies have revealed sequence
variations in the human GIP receptor (102), but no devastating,
clinically significant mutations. The present investigations (94, 95)
show that GIP receptors are expressed on the pancreatic (3-cell of the
patients, since the early, relative insulin response to GIP compared
to GLP-1 was the same as in healthy subjects. Then, what is the
mechanism of the almost abolished B-cell “late-phase”-response to
GIP in diabetic patients? The possibility of a decreased sensitivity of
the GIP receptor during the “late phase” insulin response was exam-
ined using a very high dose of GIP (16 pmol/kg body weight/min)
infused intravenously (94). However, in spite of pharmacological
plasma concentrations of GIP (markedly exceeding those observed
after meal ingestion), in an attempt to compensate not only for the
apparent difference in potency of the two hormones, but also for a
decreased affinity of GIP for its receptor in type 2 diabetes mellitus,
it was still impossible to generate a significant “late-phase” response
in the type 2 diabetic patients. Furthermore, the results obtained
during a 4 hour clamp in the first study (94) were qualitatively simi-
lar to those obtained with the 2 hour clamp, indicating that a de-
layed response to GIP in the patients could not explain the differ-
ence in the 2 hour clamp experiments. For GLP-1, insulin secretion
was continuously increasing during the 2 hour clamp experiments,
whereas in the 4 hour clamp, a plateau was eventually reached after
150 minutes (94).

In a recent study, a reduced insulinotropic effectiveness of GIP in
50% of glucose tolerant, first-degree relatives of type 2 diabetic pa-
tients in comparison to healthy subjects was found (103). Thus, it
was hypothesised that the phenotypic abnormality in such subjects
might be genetically determined (103). Such a genetically deter-
mined defective response to GIP may contribute to the pathogenesis
of diabetes mellitus, but since a similar defect is seen in 6 different
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groups of diabetic patients with completely different aetiology, one
of them even being secondary diabetes (chronic pancreatitis), the
impaired response in the diabetic patient is probably not a primary
defect causing diabetes, but rather a defect that is secondary to the
metabolic disturbances of diabetes. Further studies are needed to
clarify this, e.g. studies involving strict metabolic control of diabetic
patients, which may be able to improve or normalise the 3-cell re-
sponsiveness to GIP.

CONCLUSION

The available evidence suggests that the incretin effect plays a major
role in the regulation of glucose metabolism and that a deficient in-
cretin function is an important factor in the pathogenesis of dia-
betes mellitus. Decreased plasma concentrations of GLP-1 are seen
in type 2 diabetic patients, probably due to an impaired secretion of
this incretin hormone. However, a severe impairment of the insulin-
otropic effects of the other incretin hormone, GIP, probably further
contributes to the decreased incretin effect in the patients, and,
therefore, both incretin hormones may be involved in the pathogen-
esis of type 2 diabetes, one because of an inadequate secretion, and
the other because of a decreased effect.

SUMMARY
Glucose dependent insulinotropic polypeptide (GIP) and glucagon-
like peptide-1 (GLP-1) are the two major incretin hormones, which
together are responsible for the so-called incretin effect. Type 2 dia-
betic patients have an impaired incretin effect, which could theor-
etically be due to impaired secretion, increased elimination or an
impaired effect of the incretin hormones. Decreased concentrations
of both total and intact GLP-1 are seen in type 2 diabetic patients.
This is probably due to decreased secretion, since elimination of
GLP-1 was shown to be similar in type 2 diabetic patients and
healthy subjects. The decreased secretion is probably due to diabetes
per se, and not a primary cause of diabetes, since normal GLP-1 se-
cretion is seen in first degree relatives of diabetic patients, and since
only the diabetic twin of identical twins discordant for diabetes had
impaired GLP-1 secretion. The two incretin hormones were shown
to contribute nearly equally to the incretin effect in healthy subjects,
but in diabetic patients, the effect of GIP is severely impaired. In
various subgroups of diabetic patients, including lean and obese
type 2 diabetic patients, patients with diabetes mellitus secondary to
chronic pancreatitis, LADA-patients, MODY3 patients, and newly
diagnosed type 1 diabetic patients, GIP was incapable of generating
a significant “late phase” insulin response. This defective response to
GIP seems to be a post-receptor defect of the intracellular machin-
ery that seems to be secondary to diabetes per se, perhaps overlying
a genetic defect as indicated by the finding of a decreased insulin-
otropic effect of GIP in first degree relatives of type 2 diabetes melli-
tus.

Therefore, in conclusion, both GLP-1 and GIP may be involved in
the pathogenesis of type 2 diabetes, GLP-1 because of an inadequate
secretion and GIP because of a decreased effect.
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