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A role for PYY3-36 in GLP1-induced
insulin secretion
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The increasing worldwide prevalence of obesity and its commonly associated
disease type 2 diabetes has a dramatic influence on morbidity and mortality
in the human population [1]. Among currently available obesity treatments,
bariatric surgery achieves the best substantial and permanent weight loss [1].
Interestingly, surgeries inducing a rapid reduction in appetite and a normal-
ization of glycemic index (e.g. Roux-en-Y gastric bypass) are notably
associated with an increase in the anorexigenic gut peptides PYY and
GLP-1 [1]. These two hormones act as peripheral sensory inputs integrated
by the central nervous system (CNS) to modulate appetite and energy
expenditure. The pharmacological mimicry of the hormonal milieu after
bariatric surgery has thus been proposed as a potential strategy for the
treatment of obesity [1]. However, such therapies will require a complete
understanding of the mechanisms by which gut hormonal signals interact and
integrate with other peripheral and central informations to modulate appetite.
PYY is an amidated peptide of 36-amino acids composed of tyrosine
residues (Y) at each end. PYY is highly homologous to another gut
hormone (pancreatic polypeptide) and to the central neurotransmitter
NPY. Whereas PYY1-36 is an agonist of three mammalian NPY receptors
(Y1, 2 and 5), PYY3-36, resulting from the digestion of PYY1-36 by the
enzyme dipeptidyl peptidase 4 (DPP-4) is a selective Y2 receptor (Y2R)
agonist. PYY is synthesized after the meal by the L endocrine cells of the
small intestine in proportion to energy intake. The anorectic effect of PYY
is specifically mediated by Y2R via interactions with both the vagus
nerve and the arcuate nucleus of the hypothalamus [2]. In animals and
humans, intravenous infusion of PYY3-36 reduces food intake in both
lean and obese individuals [3]. Whereas the role of PYY3-36 in appetite
control has been well characterized, its role in glucose homeostasis
remains controversial.
In this issue, Chandarana and colleagues address the role of peripheral PYY
on glucose homeostasis, including the context of bariatric surgery in mice
[4]. The administration of PYY3-36 during an intraperitoneal glucose
tolerance test (IPGTT) had a lowering effect on glycemia, which depended
on Y2R. On the contrary, PYY1-36 administration had no effect. Moreover,
the lowering effect of peripheral PYY3-36 on glycemia was not inhibited by
the central administration of an Y2R antagonist, but only by the peripheral
(IP) injection of such an antagonist. The lowering effect of PYY3-36 on
glycemia occurred in parallel to an increase in blood insulin levels. However,
whilst PYY1-36 had an inhibitory effect on insulin secretion as already
described, PYY3-36 had no direct effect on insulin secretion. Interestingly,
exogenous PYY3-36 decreased blood glucose levels only in a postprandial
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context. This is in line with the fact that endogenous PYY is secreted in
response to lipids or glucose by intestinal L-cells [1]. The authors thus
hypothesized that the postprandial increase in PYY levels measured in the
portal vein after a meal could have a role in regulating postprandial insulin
secretion via an incretin effect. Enterogastric anastomosis (EGA) performed
in obese mice is an operation that mimics RYGBP surgery in humans [5].
The authors used this model to decipher the effect of PYY3-36 on glucose
homeostasis. In wild-type EGA mice, the increase in PYY3-36 paralleled an
increase in GLP-1. This was abrogated in PYY null mice. This suggested
that PYY3-36 might regulate GLP-1 secretion. Accordingly, the authors
showed that PYY3-36 enhanced glucose-stimulated and meal-stimulated
GLP-1 secretion in the portal vein of control mice. Moreover, this effect was
dependent on peripheral Y2R receptors. The use of exendin 9-39, an
antagonist of GLP-1 receptor, confirmed that the positive effect of PYY3-36
on glucose homeostasis was, at least in part, due to GLP-1 action.
The main interest of these findings is that they complement previous
studies on the importance of intestinal signals in glucose homeostasis
by providing a new link dealing with the regulation of insulin secretion
by PYY. The authors first showed that PYY3-36 controlled glucose
homeostasis though a regulation of insulin secretion and secondly that
this regulation is independent of central Y2R. On the contrary, the
anorectic action of peripheral administration of PYY3-36 has been shown
to be dependent on brain Y2R [6]. The highly interesting point of this
study concerns the link between the two gut hormones PYY3-36 and
GLP-1. Data from Chandarana and colleagues suggest that PYY3-36
improves insulin secretion after a meal in a GLP-1 dependent manner
(Figure 1). However, a perceived weakness is the lack of a compre-
hensive cellular mechanism linking the secretions of both hormones.
Future studies will have to decipher this mechanism. Important
questions remain unresolved. For example, does PYY3-36 act directly
on Y2R present in intestinal L-cells to induce and/or improve GLP-1
secretion? Does PYY3-36 act on Y2R via the autonomous nervous
system, which is very dense within the walls of the portal vein [7], to
stimulate GLP-1 secretion? Is there a role in this chain of the central
nervous system via a reflex arc? It is noteworthy that a neural
mechanism has been suggested to account at least in part for the
anorectic effect of PYY3-36 [2] or for the benefits of GLP-1 on glucose
control [8,9]. Moreover, it is concerning that the interplay between PYY,
GLP-1 and Y2R may be complicated by the possible involvement of DPP-
4. Indeed, PYY3-36 is produced from the digestion of PYY1-36 by DPP-4.
proves glucose tolerance, by Keval Chandarana et al.” (10.1016/j.molmet.2013.03.001).
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Figure 1: PYY3-36 improves insulin secretion after a meal in a GLP-1 dependent manner. The results obtained by Chandarana et al. are illustrated in orange (arrows): meal/glucose increase the
levels of PYY3-36 in blood. PYY3-36, via the activation of peripheral Y2R, enhances GLP-1 secretion. As a result, GLP-1 levels increase in the portal vein leading to an increase in insulin secretion.
Some questions that have to be solved to specify the cellular mechanisms linking the secretions of both hormones are illustrated in dotted lines. : Does PYY3-36 act directly on Y2R expressed by
intestinal L-cells to improve GLP-1 secretion? : Does PYY3-36 act on Y2R expressed by neurons of the autonomic nervous system to improve GLP-1 secretion? : Is the brain involved in the
enhanced GLP-1 secretion promoted by PYY3-36?
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The data reported in this study suggested that PYY3-36 improves glucose
homeostasis, whilst PYY1-36 does not. Thus, DPP-4 inhibitors, which are
currently used as a treatment to prolong the GLP-1 incretin effect in
type-2-diabetes patients, might oppose rather than contribute to the
PYY3-36 positive effect. If the mechanism suggested here were of
primary importance, it would be hardly reconcilable with the benefits of
DDP-4 inhibitors on GLP-1 incretin effects in pathophysiological
situations [10].
In the obesity and diabetes field, it is obvious that implementing the
knowledge on the peripheral effects of PYY3-36 could represent an
important step in the understanding of the complex interplay between
gut hormones, their maturation processes and their roles in regulating
glucose and energy homeostasis. Further research in this field is
warranted, since it may provide novel paradigms that could be useful in
the elaboration of future approaches of prevention and/or treatment of
metabolic diseases.
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