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a b s t r a c t

Recent antidiabetic drugs including GLP-1 receptor agonists and DPP-IV inhibitors have demonstrated
protective effects in several cardiovascular diseases but their effect in abdominal aortic aneurysm (AAA)
is far less known. AAA can be associated with extremely high rates of mortality and pharmacological
treatments are still lacking underlining the real need to identify new therapeutic targets. The aim of this
review was to summarize current knowledge on the role of GLP-1 pathway in AAA. A systematic liter-
ature review was performed and 6 relevant studies (2 clinical and 4 experimental) were included.
Experimental studies demonstrated a protective effect of both GLP-1 receptor agonists and DPP-IV in-
hibitors through targeting the main pathophysiological mechanisms underlying AAA formation. The
effects of these drugs in human AAA are still poorly known. In the limelight of clinical and experimental
studies, we discuss current limits and future directions.

© 2018 Published by Elsevier B.V.

1. Introduction

Proglucagon-derived hormones correspond to a family of pep-
tides whose various biological functions in glucose metabolism,
energy homeostasis, control of appetite, gastrointestinalmotility and
trophicity have revolutionized the understanding of metabolic dis-
eases and led to the development of innovative therapeutic targets
[1e4]. Among them, Glucagon-Like peptide-1 (GLP-1), a peptide
mainly produced in the entero-endocrine L-intestinal cells, is amajor
incretin hormone that stimulates insulin secretion after nutrient
ingestion [5,6]. Its involvement in pancreatic beta-cells proliferation
and survival, regulation of glucagon secretion, control of food intake
as well as regulation of gastric and intestinal motility has led to the
development of efficient pharmacological treatment for diabetes and
obesity [5,6]. Several GLP-1 receptor agonists (i.e., liraglutide, exe-
natide, lixisenatide) with distinct structure and pharmacokinetics
properties are currently used for the treatment of type 2 diabetes
[7,8]. As GLP-1 has a short half-life in the blood and is rapidly hy-
drolyzed by the Dipeptidyl peptidase-4 (DPP-IV) enzyme [9], DPP-IV
inhibitors (i.e. alogliptin, sitagliptin) have also been developed and

are used as antidiabetic drugs [7,8]. Interestingly, epidemiological
studies demonstrated that patients treated with antidiabetic drugs
targeting GLP-1 pathways had significantly reduced risk of major
cardiovascular complications [5,10,11]. These drugs exhibited pro-
tective effects on several cardiovascular diseases including myocar-
dial infarction, ischemia/reperfusion injury or heart failure [5,10,11].
The protective effect on vascular system is complex and plurifactorial
involving actions on cardiomyocyte, endothelial and vascular
smooth muscle cell functions as well as modulation of glucose and
lipid metabolism [5,10,11]. While the role of GLP-1 has been widely
explored in the context of ischemic cardiac disease, its potential
involvement in abdominal aortic aneurysm (AAA) is far less known.
AAA represents a major health concern associated with extremely
high rates of mortality in case of aortic rupture [12]. The main fea-
tures of the disease include inflammatory cell infiltration in the
aortic wall, extracellular matrix (ECM) remodeling, impairment of
vascular smooth muscle cells (VSMCs) homeostasis as well as
intraluminal thrombus formation [13]. The only curative treatment
relies on surgical repair and drug-based therapy are still lacking,
underlining an unmet need in clinical practice [14]. A better under-
standing of pathophysiological mechanisms underlying the disease
could lead to develop new therapeutic drugs. The aim of this review
is to summarize current knowledge on the role of GLP-1 pathway in
AAA and discuss potential applications for clinical practice.
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2. Methods

Two authors (FL, JR) independently performed a literature
search to identify studies investigating the effect of GLP-1 signaling
pathway in aortic aneurysm. Electronic health database Medline
was searched using the PubMed database on January 2018. The
search strategy was unrestricted and used explodedMeSH (medical
subject heading) terms “aneurysm”, “aortic aneurysm”, “Glucagon
Like peptide”, “dipeptidyl peptidase”, “proglucagon”. A review
protocol guided by the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) checklist was established
following inclusion criteria for article selection: publications had to
be written in English language and included experimental and
clinical studies that investigated the potential relationship between
GLP-1 signaling pathway and aortic aneurysm. Relevant titles were
independently identified and full texts were retrieved. Original
articles were selected. Case reports and reviews were excluded. All
suitable references were included. The methodology and study
design of the selected articles were analyzed to evaluate the het-
erogeneity of the studies. In total, 6 studies fulfilled the inclusion
criteria including 2 clinical and 4 experimental studies.

3. GLP-1 and GLP-1 receptor agonists in aortic aneurysm

Among the past few years, several experimental models of aortic
aneurysm have been developed [15]. Dissecting AAA models
mainly include continuous angiotensin II perfusion in ApoE�/�
mice. This model is characterized by intramural blood infiltration
and inflammatory cell infiltration, ECM degradation and athero-
sclerotic lesion formation thus leading to aortic dilatation usually
located in the suprarenal region [15]. Chemically induced non-
dissecting AAA models mainly include application of elastase or
calcium chloride, which provoke disruption of ECM, induction of
inflammatory responses and AAA formation in the infrarenal aortic
region [15]. To address the role of GLP-1 in AAA formation, in-
vestigators used GLP-1 receptor (GLP-1R) agonists (i.e., liraglutide,
lixisenatide) (Table 1). In both angiotensin II and elastase/calcium
chloride AAA model, administration of GLP-1R agonists reduced
AAA development, suggesting its protective effect [16,17]. The drug
administration increased the concentration of plasma active GLP-1
without affecting other metabolic parameters such as body weight,
blood glucose and mean arterial pressure [17]. This was associated
with a decreased inflammation in the aortic wall and a reduced
macrophage infiltration and TNFa mRNA expression [16,17]. Given
the role of macrophages in AAA pathogenesis through their effects
on ECM remodeling, inflammation and intramural haemorrhage
[18], their decreased infiltration in the aortic wall may account for
the protective effect on AAA formation. Elevated circulating levels
of TNFa have been reported in patients with AAA [19]. Besides,
experimental studies in a murine AAA model revealed that both
mRNA and protein levels of TNFa were increased in aneurysm tis-
sue comparedwith normal aortic tissues [20]. In thismodel, genetic
and pharmacological inhibition of TNFa inhibited AAA formation
[20]. Hence, decreased TNFa expression induced by GLP-1R ago-
nists may limit AAA development. Treatment with GLP-1R agonists
(liraglutide and lixisenatide) also led to a better preservation of
ECM [16,17]. ECM remodeling results from a balance between the
synthesis of its components (such as elastin and collagen) and their
degradation by several enzymes such as metalloproteinases
(MMPs). GLP-1R agonists administration induced a decrease of
MMP-2 and MMP-9 mRNA and protein expression in the aorta
[16,17], which may have contributed to ECM preservation and
prevention of AAA development, given the known pathogenic ef-
fects of these proteases [21]. Mice treated with GLP-1R agonists
(lixisenatide) exhibited less presence of reactive oxygen species

(ROS) in the aortic wall [16]. As the enhanced production of ROS in
the aorta is associated with inflammatory responses and tissue
damages [22e24], the protective effect of GLP-1R agonists may be,
at least partly, attributed to their anti-oxidant properties [16].
Moreover, in vitro experiments further revealed that treatment
with liraglutide reduced angiotensin II-induced ROS production by
U937 human monocytic cell line confirming its anti-oxidative ac-
tion [17]. Finally, GLP-1R agonist administration was associated
with a decreased phospho-Extracellular Signal-Related Kinase
(ERK) protein expression in the aortic tissue [16]. Given the
important role of ERK pathway in the modulation of MMP
expression during AAA formation [25], this may also contribute to
the protective effect of GLP-1R agonists on AAA formation.

The results of these studies suggest potential applications of
GLP-1R agonists as therapeutic agents in AAA. To investigate the
relevance of these findings in human disease, some authors char-
acterized GLP-1 plasma concentrations in patients with aortic valve
and ascending aorta disease [26]. Interestingly, they found that
patients with tricuspid or bicuspid aortic valve associated with
aortic dilatation had a higher total plasma GLP-1 concentration
compared to those without aortic dilatation. Given the known role
of GLP-1 in experimental mouse models, the authors suggest that
increased GLP-1 concentration observed may serve as a compen-
satory mechanism upregulated during the processes contributing
to aortic dilation [26]. To the best of our knowledge, no clinical
study has reported yet the association between the use of GLP-1R
agonists and AAA prevalence, incidence or progression. Given the
current use of GLP-1R agonists as anti-diabetic drugs, it would be
worth to perform epidemiological studies in this field, which could
serve as a basis to develop further clinical trials.

4. DPP-IV inhibitors in aortic aneurysm

GLP-1 has a very short half-life in blood an is rapidly hydrolyzed
by DPP-IV within 1.5e5min [9,27]. Consequently, DPP-IV inhibitors
(i.e alogliptin, sitagliptin) have been developed and are currently
used as anti-diabetic drugs [7]. As expected, administration of DPP-
IV inhibitors in rodent models decreased plasma DPP-IV activity
and increased plasma concentration of active GLP-1 [17,28,29]. No
difference in metabolic parameters including body weight, food
intake, lipid profile and glucose concentration was observed be-
tween treated mice and controls [17,28]. However, treatment with
sitagliptin significantly decreased mean arterial pressure in angio-
tensin II-infused mice [17]. Experimental studies unraveled a pro-
tective effect of DPP-IV inhibitors on AAA development and
progression in angiotensin II/ApoE�/� as well as in elastase and
calcium chloride-induced AAA models. Indeed, the treatment
reduced AAA dilatation and aortic wall thickness, preserved ECM,
and decreased apoptosis in the aortic tissue [17,28]. A significant
decrease in ROS expression was observed in the AAA wall in a dose
dependentmanner [29].While all these studies revealed a protective
effect of DPP-IV inhibitors on ECM, the molecular mechanisms are
not completely elucidated. Several investigators demonstrated a
decrease of MMP-2, MMP-9 protein, gene expression as well as
enzymatic activity following the treatment [17,29]. However, Koha-
shi et al. only found a tendency of a decreased MMP-9 gene
expression, with no change in MMP-2 expression [28]. They also
reported an increase of Tissue Inhibitor Metalloproteinase-2 (TIMP-
2) gene expression [28] whereas no difference was observed by Lu
et al. [17]. The discrepancy between these studies may be explained
by the differences of the experimental protocols used including AAA
model, age of mice, diet and aortic tissue sample preparation.
Nevertheless, taken together, the studies revealed a protective effect
of DPP-IV inhibitors through ECMpreservation via modulation of the
expression and activity of MMPs and/or their inhibitors.
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