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Today’s armamentarium of medications suitable as a therapy
for glucose-lowering in type 2 diabetes is far from perfect,
both in terms of effectiveness (i.e. the ability to not only re-
duce, but normalise high glucose concentrations in a majority
of patients) and safety/tolerability (i.e. freedom from adverse
effects that might limit the dose or use of certain agents in
some or even many patients). While we already have at least
seven major drug classes approved and used for the treatment
of type 2 diabetes, the search is on for more mechanisms that
can be exploited for the treatment of hyperglycaemia or other
aspects of diabetes mellitus. As part of the symposium on
novel approaches to treating type 2 diabetes at the EASD
2015 meeting, Daniel Drucker, Toronto, Canada, introduced
glucokinase activation and glucagon antagonism, while Fiona
Gribble, Cambridge, UK, discussed G protein-coupled recep-
tors (her mini-review is presented in a companion article [1])
as examples of novel avenues of attacking hyperglycaemia
and obesity in patients with type 2 diabetes.

Glucokinase is a high Km hexokinase specifically
expressed in endocrine pancreatic beta cells and in hepato-
cytes that mediates the phosphorylation of glucose upon entry
into cells. Its role in glucose metabolism can be understood
based on the characterisation of gain-of- and loss-of-function
mutations, which lead to hereditary hypoglycaemia or diabe-

tes, respectively [2]. In the liver, glucokinase enhances glu-
cose uptake and storage/metabolism, whereas in the endocrine
pancreas, it stimulates insulin secretion relative to ambient
glucose concentrations. This may be partly welcome in type
2 diabetes, but may also carry the risk of hypoglycaemia,
excess glucose uptake leading to VLDL triacylglycerol over-
production and fatty liver. A clinical study on a glucokinase
activator reported that reductions in HbA1c are substantial
initially, but of weak durability, even for durations of up to
only 30 weeks [3]. Hypoglycaemia was a frequent finding,
including severe episodes. There was a small rise in mean
bodyweight and some patients showed an increase in diastolic
blood pressure—side effects which have to be considered un-
desirable. Thus, while glucokinase activation is a suitable tar-
get for lowering glucose in more general terms, lack of dura-
bility, a high risk for hypoglycaemia, and other undesired
effects have prevented any compound taken into clinical de-
velopment so far from getting anywhere near approval.
Modified approaches will be needed to make glucokinase ac-
tivation a success, if this is at all possible.

The role of hyperglucagonaemia in diabetes mellitus has
been recognised for decades, and inhibition of the action of a
hormone that causes hyperglycaemia is an obvious approach
for the treatment of hyperglycaemia, especially considering
the role of glucagon-stimulated hepatic glucose production
for the induction and/or maintenance of hyperglycaemia, both
in the fasting and post-meal state [4]. In animals, suppressing
the expression of glucagon receptors reduces plasma glucose
[5], and glucagon receptor knockout mice have improved oral
glucose tolerance [6]. Clinical studies using glucagon antago-
nists such as MK-0893 [7] or LY29409021 [8] have demon-
strated the potency of such an approach in terms of lowering
HbA1c (by up to 1.5%); however, this is accompanied by
elevations in liver enzymes, probably indicating steatosis,
and by an elevation in LDL-cholesterol and apolipoprotein B.
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On the basis of animal studies, alpha cell hyperplasia and an
increased risk of colon cancer need to be considered as possible
consequences of long-term glucagon receptor blockade.
Plasma concentrations of glucagon are elevated several-fold
by glucagon receptor antagonism [9], as are plasma levels of
GLP-1, possibly not secreted from L cells in the gut but, rather,
from alpha cells in the endocrine pancreas. These cells do not
normally produce GLP-1, but their pro-protein convertase
pattern can be altered to allow generation of the peptide.
Again in animal studies, glucagon receptor knockout leads to
increased small and large bowel mass [10], mediated by GLP-1
and GLP-2 receptor signalling. Glucagon receptor signalling
may be associated with adverse cardiac outcomes in certain
animal models [11], and so glucagon receptor antagonism
may be beneficial in this respect. Thus, although glucagon
receptor inhibition has been shown to reduce glucose levels,
the safety of and a positive risk–benefit relationship for this
approach to treating hyperglycaemia in type 2 diabetes have
not been established. Consequently, none of the compounds
blocking the glucagon receptor is close to receiving approval
or is being used in clinical practice.

While Daniel Drucker presented data specifically related to
compounds that have been identified as glucokinase activators
and glucagon antagonists, Fiona Gribble presented informa-
tion on multiple G protein-coupled receptors (GPCRs). In the
gastrointestinal tract, GPCRs are involved in stimulating the
release of incretin hormones like GLP-1 in response to various
nutrient stimuli; in the endocrine pancreas they are involved in
insulin secretion from beta cells, and are involved in the reg-
ulation of appetite/food intake at the level of the central ner-
vous system. The aim of this research group is not to study
individual GPCRs or their ligands alone to define their role in
pharmacologically modifying incretin hormone or insulin se-
cretion or brain responses to gut-derived signals. Instead, they
are using a systematic approach to identify GPCRs or their
ligands that specifically stimulate, for example, GLP-1 release
in specific regions of the gut, to identify receptors/ligands that
stimulate insulin secretion without having similar effects on
alpha cells (which would be counterintuitive if the intention is
to lower glucose concentrations). Gribble’s research group
have developed promising tools to advance this field of
science, and it is hoped that it may become possible to identify
incretin secretion stimuli that act from the gut lumen (apical
membrane) vs the circulation (basolateral membrane), from
areas of the gut where the pattern of endocrine cells differs.
Based on the effects of bariatric surgery, a hormonal pattern
more similar to what the lower small intestines produce may
be helpful to pharmacologically mimic the results of surgical-
ly induced weight loss without having to face the risks and
irreversibility of these procedures.
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