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Abstract Type 2 diabetes mellitus is characterised by
beta cell failure, which frequently develops in the
setting of insulin resistance. Inflammation contributes
to the pathophysiology of type 2 diabetes by impairing
insulin action in peripheral tissues and via reduction of
beta cell function. Inflammation may also play an
important role in the development of complications that
arise in patients with type 2 diabetes. Hence, the anti-
inflammatory actions of commonly used glucose-
lowering drugs may contribute, indirectly, to their
mechanisms of action and therapeutic benefit. Herein
we highlight the anti-inflammatory actions of glucagon-
like peptide-1 (GLP-1), which exerts direct and indirect
actions on immune function. The observations that
GLP-1 receptor agonists exert anti-inflammatory actions
in preclinical studies, taken together with case reports
linking improvements in psoriasis with GLP-1 receptor
agonist therapy, illustrates the emerging clinical impli-
cations of non-classical anti-inflammatory actions of
incretin-based therapeutics.
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Abbreviations
DPP-4  Dipeptidyl peptidase-4

GLP-1 Glucagon-like peptide-1

iNKT  Invariant natural killer T

PASI Psoriasis Area and Severity Index
Th T helper

Psoriasis is a common skin disorder characterised by
chronic inflammation, varying degrees of scaling, ery-
thema, itching and plaque formation. Psoriasis is widely
viewed as an immune-mediated inflammatory disease that
is associated with the expansion and activation of T helper
(Th)1, Th17 and Th22 cells, and the increased expression
and levels of cytokines detectable locally in skin lesions
and, frequently, systemically in the circulation [1]. Patients
with psoriasis exhibit increased rates of cardiovascular
disease, obesity and type 2 diabetes—conditions charac-
terised by enhanced local and/or systemic inflammation.
However, little evidence supports a common genetic or
mechanistic basis for shared causality amongst these
diverse disorders.

In this issue of Diabetologia, Hogan and colleagues
report an improvement of psoriasis in three obese patients
with type 2 diabetes several weeks after the initiation of
therapy with the glucagon-like peptide-1 (GLP-1) receptor
(GLP-1R) agonists exenatide and liraglutide [2]. The
improvement in psoriasis was modest but clinically appre-
ciable, with reduced itching in the index case, and a
reduction in Psoriasis Area and Severity Index (PASI)
scores, from 15.3 to 10.2, 13.2 to 10.8, and 4.8 and 3.8,
respectively. Analysis of the number of circulating invariant
natural killer T (iNKT) cells, a known subset of CDI1d-
dependent NKT cells that express an invariant T cell
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receptor « chain, revealed that, in response to liraglutide
therapy, there was an increase in the number of NKT cells in
the circulation and a corresponding reduction in the number of
iNKT cells in psoriatic plaques. GLP/R mRNA transcripts
were detectable in iNKT cell lines generated from healthy
human donors, and liraglutide robustly increased cAMP
accumulation in resting iNKT cells, although this activation
was attenuated in cells activated with anti-CD3. Although
GLP-1 increased cytokine production in resting iNKT cells,
both GLP-1 and liraglutide inhibited cytokine secretion
following treatment with phorbol myristate acetate/ionomy-
cin, or in iNKT cells activated by co-culture with glycolipid-
treated CD1d-transfected C1R cells, actions blocked by the
GLP-1R antagonist exendin (9—39). Hence, the authors infer
that the putative immunoregulatory actions of GLP-1 on
iNKT cells may have contributed to the improvement in
clinical psoriasis observed in the three patients [2].
Although originally identified as a beta cell G-protein-
coupled receptor linked to the glucose-dependent stimula-
tion of insulin secretion (Fig. 1), GLP-1Rs have subse-
quently been localised to the central and peripheral nervous
system, lung, kidney, gastrointestinal tract, heart and blood
vessels [3], where they mediate a diverse number of actions
distinct from control of glucose homeostasis [4]. More
recent studies have demonstrated widespread Glplr expres-
sion in numerous immune cell subpopulations, including

Fig. 1 The classical (green
arrows) and emerging (blue
arrow) metabolic actions of
GLP-1. The dotted line
indicates an indirect action
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thymoyctes, splenocytes, bone marrow-derived cells, and
regulatory T cells [5]. Consistent with the results reported
by Hogan et al., GLP-1R agonists have previously been
shown to increase cCAMP formation in multiple lymphocyte
populations in a GLP-1R- and exendin (9-39)-dependent
manner [5]. Furthermore, several reports have described
disease remission and enhanced numbers of regulatory
T cells in experimental murine models of autoimmune
type 1 diabetes treated with GLP-1R agonists in the
absence of concomitant therapy with immunomodulatory
agents [6, 7]. GLP-1R activation also modestly reduced
stromal cell-derived factor-1-enhanced lymphocyte migra-
tion in human CD4" lymphocytes [8], whereas genetic
disruption of GlpIr produced detectable defects in thymo-
cyte and lymphocyte proliferation following stimulation ex
vivo [5]. Hence, the available evidence supports a role for
the GLP-1R in controlling lymphocyte proliferation and/or
migration in murine and human immune cells.

Evidence from both preclinical and clinical studies
supports the view that obesity and type 2 diabetes are
frequently associated with increased local and systemic
inflammation. The thiazolidinedione class of glucose-
lowering agents, exemplified by pioglitazone and rosi-
glitazone, exerts pleiotropic anti-inflammatory effects in
multiple peripheral tissues, including the cardiovascular
system [9]. Moreover, thiazolidinediones exert anti-
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proliferative actions in the skin and enhance keratinocyte
differentiation, and several pilot studies have explored the
utility of these agents in the treatment of psoriasis [10]. An
activated immune system in obese diabetic individuals
may be associated with tissue infiltration of proinflamma-
tory macrophages and increased cytokine levels, reduction
of insulin action/and or impairment of beta cell function
[11]. Indeed, therapeutic agents that specifically target
inflammatory pathways have shown promise for the
treatment of type 2 diabetes in humans. Intriguingly, some
glucose-lowering agents may produce anti-inflammatory
actions independent of changes in glucose control.
Pioglitazone has been shown to exert an anti-psoriatic
effect when co-administered with the synthetic retinoid
acitretin to non-obese non-diabetic participants with
moderate to severe plaque-type psoriasis in a 12 week
randomised clinical trial [12]. In the patients reported by
Hogan et al., the improvement in psoriasis was relatively rapid
following the initiation of treatment with exenatide or
liraglutide, with no significant improvement in glycaemic
control noted [2]. Although the reductions in PASI score were
modest, they occurred rapidly, and psoriasis does not usually
improve spontaneously without therapy. It is therefore
tempting to add GLP-1R agonists to the small list of
glucose-lowering agents that exert anti-inflammatory actions
independent of changes in glucoregulation.

Might there be an alternative explanation for the
improvement in psoriasis following initiation of therapy
with GLP-1R agonists? Glp/r and Gcg mRNA transcripts
have been detected in RNA isolated from mouse skin and,
using immunocytochemistry, the GLP-1R protein has been
localised to regions of the epidermis adjacent to hair
follicles [13]. A GLP-1R-immunoreactive protein was also
detected by western blotting using extracts from cultured
mouse skin cells and GLP-1 enhanced ERK1/2 phosphor-
ylation in skin cells in vitro. Whether a functional GLP-1R
is also expressed in normal or psoriatic human skin cells is
at present unknown; however, GLP/R mRNA transcripts
can be detected in expressed sequence tags from human
skin (GenBank accession number BG675444.1). Hence, the
putative biology of the cutaneous GLP-1-GLP-1R system
clearly requires further clarification.

The epidemiological linkage of psoriasis with obesity,
and the actions of GLP-1R agonists to reduce food intake
and produce weight loss, merit consideration. In the
Nurses’ Health Study II [14], increases in BMI were linked
to a progressive increase in the risk of developing psoriasis.
In addition, weight gain and higher waist circumference,
hip circumference and WHR were associated with an
increased incidence of psoriasis [14]. Obesity is more
common in patients with difficult to treat psoriasis, and a
higher BMI may affect the response to anti-psoriatic
therapy [15]. Intriguingly, observational studies demon-

strate that patients with a higher BMI may have more
severe psoriasis, and weight loss has been associated with
improvements in PASI scores in patients treated with
biological agents; the underlying mechanisms are incom-
pletely understood [16]. Similarly, several case reports
describe the improvement and near resolution of psoriasis
following weight loss achieved through intestinal bypass
surgery [15]. In a 24 week randomised trial, the con-
sequences of moderate weight loss were examined in obese
patients with moderate to severe chronic plaque psoriasis
treated with ciclosporin. A mean reduction in body weight
of 7% in participants following a low-energy diet resulted
in significantly more patients responding (according to
reduction in PASI score) to low-dose ciclosporin [17].

Although Hogan et al. describe a rapid subjective
improvement in psoriasis symptoms prior to the achieve-
ment of significant weight loss in their patients [2], the
actions of GLP-1R agonists to reduce energy intake and
produce body weight loss and the relative contribution of
these effects to the overall objective improvement in skin
lesions and improvements in PASI scores after 6 weeks is
difficult to ascertain. A small observational study reported
that a brief period of fasting alone improved the signs and
symptoms of psoriasis [18], and a 4 week low-energy diet
improved the clinical severity of psoriasis independent of
changes in weight loss [19]. GLP-1R agonists are known to
produce a rapid induction of anorexia, and the two patients
prospectively treated with liraglutide experienced weight
loss of 5.1 and 6.2 kg after only 6 weeks of therapy. As
even short interventions of hypoenergetic diets that produce
moderate weight loss can also result in significant reduc-
tions in tissue and systemic inflammation, attribution of the
precise GLP-1R-dependent mechanisms leading to the
improvement of psoriasis in these patients remains chal-
lenging. Hence, determination of whether GLP-1R agonists
can reduce psoriasis disease activity independent of
changes in energy intake or weight loss is an important
question for future investigation.

The extrapancreatic actions of incretin-based therapies
are broad and expanding (Fig. 1), but have not classically
included the skin or immune system as key target organs.
Dipeptidyl peptidase-4 (DPP-4), also known as CD26, is
widely expressed in the epidermis and on multiple immune
cell subtypes, and preclinical studies demonstrating cutane-
ous vasculitis in non-human primates with some, but not
all, DPP-4 inhibitors [20], has heightened awareness of the
potential consequences of DPP-4 inhibition on the skin. To
date, few cutaneous allergic reactions have been reported
with DPP-4 inhibitors, although a recent report of drug-
induced bullous pemphigoid in patients treated with
vildagliptin (n=4) and sitagliptin (n=1) requires further
investigation [21]. Similarly, although patients treated with
exenatide or liraglutide may experience injection-site
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reactions and, rarely, localised transient urticaria, the skin
has not traditionally been viewed as a site of incretin action.
The findings of improved psoriasis and functional GLP-1Rs
on iNKT cells coupled to a reduction of cytokine secretion
open up a new area of investigation for incretin biology,
and re-emphasise the role of clinical acumen in advancing
our understanding of GLP-1 biology in humans.
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