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GLI Glucagon-like immunoreactivity
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Glucagon was discovered in 1923 [1] as a hyperglycaemic
factor in insulin extracts from the pancreas. Although it was
soon shown to increase circulating glucose by stimulating
glycogenolysis in the liver [2], it was not recognised as a
hormone for almost four decades. The development of a
radioimmunoassay in 1959 [3] made it possible to elucidate
the role of glucagon in normal physiological and pathological
situations. At the end of the 1960s, intestinal peptides were
detected that cross-reacted with some glucagon antibodies
(glucagon-like immunoreactivity, GLI); in normal conditions,
circulating GLI increases after an oral glucose load whereas
pancreatic glucagon is suppressed [4]. After 10 years, these
GLI peptides were characterised as glicentin and
oxyntomodulin, both being regulators of gastric acid and
hydrominera l in tes t ina l secre t ions ; in addi t ion ,
oxyntomodulin is involved in the control of food intake and
energy expenditure [5].

By 1975, a crucial role for glucagon was proposed in the
pathogenesis of diabetes, and it is now known that plasma
glucagon concentration is elevated in all described forms of
diabetes, including total pancreatectomy, owing to the pres-
ence of glucagon produced in gastric alpha cells, and that all
agents suppressing glucagon also lower hyperglycaemia [6].

During the last 40 years, glucagon has been accepted as a
key hormone in glucose homeostasis. At present, research
studies are focusing on hyperglucagonaemia in conditions
other than diabetes, on the involvement of glucagon in the
regulation of body weight and energy expenditure through
its central effects on food intake, body weight and glucose
homeostasis, and in the potential of glucagon as a target for
type 1 diabetes and obesity, as well as for type 2 diabetes [7].

In 1982, when the number of scientific articles about gluca-
gon was at its zenith (see Fig. 1), knowledge of the
preproglucagon molecule in the pancreas and intestine led to
the discovery of two peptides analogous to glucagon, named
glucagon-like peptide 1 (GLP-1) and 2 (GLP-2) [8, 9], which
are produced only in the intestine by post-translational diver-
gence from the processing that occurs in the pancreas [10]. At
that point, the number of articles published on glucagon started
to decline while the number onGLP-1 andGLP-2 began to rise.

GLP-1 stimulates insulin secretion and inhibits glucagon
secretion in the pancreatic islets of Langerhans under
hyperglycaemic conditions. GLP-1 receptors have also been
found in tissues outside the pancreas, and the extrapancreatic
actions of GLP-1 include inhibition of gastric emptying, gas-
tric acid secretion and pancreatic exocrine secretion, as well as
cardioprotective and cardiotropic effects [11]. Insulin-like ef-
fects on liver, skeletal muscle and adipose tissue [12] and
anabolic effects on bone have also been documented [13].

In type 2 diabetes GLP-1 improves glycaemic control with-
out risk of hypoglycaemia, and GLP-1-based therapies using
either GLP-1 receptor agonists or dipeptidyl peptidase-IV
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(DPPIV) inhibitors (that delay the degradation of endogenous
GLP-1), have become widely used as therapeutic options in
type 2 diabetes [14]. GLP-1 also controls appetite and satiety,
and DPPIV inhibitors and GLP-1 analogues resistant to deg-
radation by DPPIV have been used in the treatment of obesity.
The most apparent role for GLP-2 is the promotion of growth
and function of the intestinal mucosa, and it has been targeted
for therapies that promote repair and adaptive growth [15].

Insulin resistance and decreased insulin secretion, mainly in
response to glucose, were for a long time considered to be
responsible for the development of type 2 diabetes; neverthe-
less, since the 1970s the participation of glucagon in
hyperglycaemia, through its glycogenolytic, gluconeogenic
and ketogenic properties, has been established [16].
Moreover, a major role of glucagon in the development of
diabetes has been shown in a streptozotocin-induced diabetic
mouse model lacking glucagon receptors, which becomes
euglycaemic in the absence of insulin treatment [17]. In addi-
tion, it was reported that the metabolic abnormalities of diabetes
cannot occur in glucagon receptor-null mice, in which virtually
all insulin-producing beta cells are destroyed [18]. In another
study, NPB112, a novel human monoclonal antibody against
the glucagon receptor, lowered glucose levels in a diabetic
mouse model with mild and reversible hyperglucagonaemia;
this may prove to be a promising therapeutic modality for the
treatment of type 2 diabetes [19].

These latter data [17–19], together with the mini-reviews
presented here, are examples of how scientific interest in the

glucagon molecule is returning. This series of mini-reviews
summarises the contributions of leading researchers in this field
presented at a symposium ‘Novel data on glucagon’ at the 51st
EASD Annual Meeting in Stockholm in September 2015, and
covers the central role of glucagon in suppressing postprandial
glucose production (Abraham and Lam [20]), its role as a key
factor for development of diabetes (Lee [21]) and its regulatory
effect on gluconeogenesis (Miller and Birnbaum [22]).
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Fig. 1 Dynamics of publications
on glucagon and related peptides.
The data is based on a PubMed
search, representing the number
of articles with original data
related to glucagon and published
in English between 1950 and
September 2015
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