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Editorial

The Glucagon-like peptide-1 (GLP-1) receptor agonist, semaglutide, has recently been
confirmed as the most efficacious weight-loss drug in clinical use (Wilding et al., 2021),
which highlights a major success in the clinical exploitation of the humble 30 amino acid
incretin hormone, GLP-1.

An incretin is a hormone, produced by the digestive system, that promotes the
lowering of the concentration of glucose in the plasma by stimulating the secretion of
pancreatic hormones, particularly insulin. The incretin effect describes the more effective
stimulation of insulin release following oral ingestion of glucose, by comparison with that
induced by infusion of glucose directly into the bloodstream. Thus, after its identification as
an incretin in the 1980s, early interest in GLP-1 focussed on this effect and led to the
development of degradation-resistant GLP-1 receptor agonists, such as exenatide,

liraglutide, albiglutide and others, which are now used successfully in the clinic as
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second-line treatments for type 2 diabetes mellitus. Since then, evidence gathered through
clinical use of these agonists, as well as intense preclinical research, has increased our
understanding of the physiology of GLP-1 appreciably and stimulated the development of
novel GLP-1 receptor agonists.

This Themed Issue provides a timely update of its diverse actions, all linked to GLP-1
receptor activation, together with the latest developments in the understanding of the
mechanisms of action of their natural and engineered ligands in the nervous system and
beyond. There is now a plethora of new research directions in this field and this Themed
Issue has assembled a series of reviews of some of the most exciting and recent
developments. These articles outline our current understanding of the importance of GLP-1
receptors, not only in the gut, as a prime source of GLP-1, but also within the central and
peripheral nervous systems and other organs.

A key topic is the development of small molecules and peptides for oral
administration, the consideration of biased agonism and the development of positive
allosteric modulators. The aim of this research effort has been to improve the clinical profile
of GLP-1 receptor ligands by enhancing their efficacy, reducing their side-effects and
adjusting their pharmacokinetics to enable a more convenient route of administration. This
field is covered by a review that considers the therapeutic potential of biased agonism
(Jones, 2021), whilst Malik and Li (2021) focus on the scope for small-molecule agonists and
positive allosteric modulators of GLP-1 receptors in the treatment of type Il diabetes.

Additionally, we are now aware of a much-enhanced scope for GLP-1-mediated
therapy. GLP-1 receptor agonists have been confirmed as a highly successful class of
treatments for type 2 diabetes, but it has become apparent that there are many additional
opportunities to broaden their therapeutic applications. These potential applications extend
far beyond GLP-1’s classic incretin effect and are reviewed here by Tanday et al. (2021).

The most widely reported clinical side-effect of GLP-1 therapy is the induction of
nausea, which is a problem when GLP-1 receptor ligands are used to treat Type 2 diabetes.
A number of recent studies have provided more insight into the potential locus for this
response; they also suggest potential new pharmacological tools that dissociate nausea
from the desired glucose-lowering and food intake suppressing effect of GLP-1R agonists.

Borner et al. (2021) review these developments, discussing the implications for their clinical
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application, and also highlight what we can learn about the GLP-1Rs involved in these
different effects.

Arguably, the largest scope for GLP-1R agonists is currently in the treatment of
obesity. As injectable peptides, these have proved to be the most efficacious weight-loss
drugs to date (Wilding et al. 2021). However, the precise targets of these drugs that mediate
this response, within and beyond the brain, are still being determined and are somewhat
controversial. This is not least because recent research has raised doubts about some of our
preconceptions of how GLP-1 released from the gut is functionally linked to GLP-1 action in
the brain (Brierley et al., 2021).

The classic concept has been that GLP-1 is released postprandially from
enteroendocrine cells into the bloodstream ‘simply’ to act as a primary satiation
(meal-terminating) signal within the CNS. However, that proposal was difficult to reconcile
with the early observation that GLP-1R knockout mice are not obese, which was tentatively
explained by proposals for redundant signalling pathways and/or developmental
compensatory mechanisms. Lately, this view is being challenged and this debate is
addressed by an article contributed by Trapp and Brierley (2021) and also a reappraisal of
the role of the vagus nerve in this process by Brierley and de Lartigue (2021).

Indeed, increasingly sophisticated analysis of GLP-1 action within the CNS has begun
to dissect the mechanisms that underly the reduction of food intake after administration of
GLP-1, either within the CNS or systemically. These studies, reviewed in this issue by articles
from both Williams (2021) and Kababhizi et al. (2021), provide insight into a variety of brain
circuits that are modulated by GLP-1. These are involved not only in satiety and satiation but
also include circuits that determine the reward value of food and induce nausea or
conditioned taste aversion in animal models. Furthermore, a reduction in the reward value
of food after GLP-1 administration, hints at the potential use of GLP-1 in the treatment of
addiction, not only to food but also substances of abuse, more generally. This fascinating
area of research is reviewed by Klausen et al. (2021).

GLP-1 action in the brain, as well as activation of GLP-1-producing neurons, has also
been associated with the stress response, an increase in heart-rate and a rise of systemic
blood pressure. Various rodent studies have associated GLP-1 with hypophagia, induced by
restraint stress, and have shown that several forms of stress activate GLP-1 producing

neurons in the lower brainstem. Holt and Rinaman (2021) review that evidence and propose
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that GLP-1 neurons in the brain might be a useful target in the treatment of stress-related
disorders. Whilst GLP-1R ligands raise the sympathetic tone, there is also strong evidence
that GLP-1R ligands offer cardiovascular protection through actions in the periphery,
including anti-inflammatory effects, which is discussed by Helmstadter et al. (2021).

Another important aspect of recent research focussing on the brain is the role of
GLP-1 receptor activation in the prevention or treatment of neurodegenerative diseases
such as Alzheimer’s or Parkinson’s disease and also recovery, post-stroke (Augestad et al.
2021). The evidence that GLP-1 has neuroprotective actions is reviewed by Holscher (2021).

Moving away from a neuron-centric view of the brain, there is now persuasive
evidence that certain responses to GLP-1 and GLP-1 receptor agonists, particularly within
the brain, are mediated by GLP-1 receptors located on non-neuronal cells, namely glial cells.
The latest research, which has important implications for the whole field, is reviewed by Cui
etal. (2021).

Last, but definitely not least, a review by Holst et al. (2021) considers the actions of
GLP-1 within the gut. This is an area of GLP-1 research that has received less attention than
it deserves, which is somewhat surprising. Given the rapid degradation of GLP-1 within the
circulation, a greater understanding of the action of GLP-1 in the vicinity of its release sites
should be viewed as a priority when considering the physiology of this system. This review
gives this topic due consideration and highlights the significant advances that have been
made recently towards understanding the ‘local’ roles of gut-produced GLP-1.

In summary, this selection of articles, written by some of the current leaders in the
field of GLP-1 research, aims to provide a comprehensive update of a highly active and
dynamic field of research. Furthermore, we hope that this Themed Issue will also stimulate
more ideas on how to develop this exciting field of research, which has immense
translational potential for addressing some major challenges to human health, especially in
respect of diabetes, obesity, cardiovascular disease, neurodegenerative disorders and

addiction.
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