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Activation of Wnt/b-catenin signaling in
abdominal aortic aneurysm: A potential
therapeutic opportunity?
Abdominal aortic aneurysm (AAA) is a common degenera-
tive vascular disease with a prevalence up to 8% in males
over 60 years of age.1 This is a complex disorder charac-
terized by permanent and focal dilation of abdominal
aorta that exceeds at least 50% of the normal diameter. In
these patients, the aortic diameter progressively expands
boosted by smoking and aging as major risk factors. Un-
fortunately, aneurysm growth increases the risk of aortic
rupture, a life-threatening emergency that carries a
mortality rate of 80%. Despite the increasing effort of the
scientific community to identify therapeutic strategies for
AAA, there are currently no pharmacological tools that
ameliorate aneurysm expansion, while the underlying
mechanisms involved in this disease are not completely
understood.

In the last decades, Wnt signaling has captivated the
attention of several researchers due to its high therapeutic
potential. In adults, this pathway is reactivated in several
pathological scenarios, including cardiovascular diseases,
and, despite certain controversy, it is generally considered
that the excessive activation of Wnt signaling in the car-
diovascular system has detrimental consequences.2 Howev-
er, whether an aberrant activation of the Wnt signal
transduction pathway could underlie AAA development and
the potential of this route as a pharmacological target for
this disease remains virtually unexplored.

In this study we analyzed whether the Wnt signaling
pathway is deregulated in human AAA. Compared to healthy
donor aortas, WNT2 mRNA levels were strikingly increased in
human aneurysmal samples, those of WNT5A and WNT5B,
showed a moderate increment, and the expression of WNT1
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andWNT3A fall below the detection limit (Fig. 1A). Similarly,
SFRPs expression was disturbed in the aneurysmal aorta
(Fig. S1). Enhanced mRNA levels for SFRP2 and SFRP4 were
detected in patients with AAA, while the expression of SFRP3
was significantly decreased and that of SFRP1 and SFRP5
remained unchanged. In view of this complex scenario, we
aimed to establish the activation status of the pathway.
Consequently, we assessed the expression of the transcrip-
tionally active form of b-catenin that is dephosphorylated at
serine 37 (Ser37) and threonine 41 (Thr41). In human aneu-
rysmal lesions, a strong immunostaining for active b-catenin
was primarily detected at the inflammatory infiltrate and to
a lesser extent in VSMC, while it was almost absent in
healthy aortas (Fig. 1A, right panels; Fig. S2), thus support-
ing the activation of the Wnt/b-catenin pathway (or ca-
nonical route) in human AAA. Previous studies suggested the
activation of canonical Wnt signaling in human AAA based on
the enhanced b-catenin mRNA levels detected in a very
small number of patient samples.3 Of note, this response was
of borderline significance and could not be confirmed in
either our more extensive AAA cohort (Fig. S3A) or in aneu-
rysms from ApoE�/� mice challenged with AngII (Fig. S3B).
Therefore, our study is the first one providing solid evidence
about the activation of Wnt/b-catenin signaling in human
AAA.

Notably, we found that aneurysmal aortas from AngII-
infused ApoE�/� mice, a well-established model for AAA,
essentially resembles the deregulation of Wnt signaling
detected in humans (Fig. 1B), being active b-catenin pro-
tein levels drastically increased (Fig. 1B, right panel).
Considering these data, we hypothesized that targeting the
behalf of KeAi Communications Co., Ltd. This is an open access
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Figure 1 Activation of Wnt signaling in AAA and effect of LGK974 and PRI-724 on the formation of Ang II-induced AAA. (A-B, left
panels), Boxplots showing mRNA levels of WNT2, WNT5A and WNT5B (A), and their homologues in mice (B) analyzed by real-time
PCR in abdominal aorta from healthy donors and patients with AAA [Donors (n Z 9), AAA (n Z 48); *P < 0.02 vs. Donors.
ManneWhitney test] or abdominal aorta from ApoE

�/�
mice infused with saline solution or AngII (1000 ng/kg/min for 28 days) (at

least n Z 9; *P < 0.01 vs. Saline. t-test). The box extends from the 25th to the 75th percentile, the median is indicated in hor-
izontal line, and the whiskers represent the maximum and minimum values. (A-B, right panels), in A representative
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Wnt pathway might be a valuable therapeutic approach for
this disease. LGK974, a potent, safe and specific porcupine
inhibitor,2 was administered to AngII-infused ApoE�/� mice.
This drug reduced the vascular expression of the Wnt/b-
catenin/TCF signaling target gene Axin2, confirming the
effectiveness of the treatment (Fig. S4A). However, the
progressive enlargement of aortic diameter induced by
AngII was not significantly affected by LGK974 (Fig. 1C; Fig.
S4B). After AngII infusion, about 60% of mice developed
aneurysms and those treated with LGK974 exhibit a com-
parable incidence (Fig. S4C). Additionally, no essential
differences in disease severity (Fig. 1D), survival (Fig. 1E)
and blood pressure were found (Fig. S4D). Further, porcu-
pine inhibition did not affect the exacerbated vascular
remodeling triggered by AngII (Fig. 1F). Of note, LGK974
limited the increase in LV mass induced by AngII infusion
(Table S1), consistent with a previous study evidencing that
another porcupine inhibitor limited cardiac hypertrophy
induced by transverse aortic constriction.4

Next, we aimed to determine whether the selective in-
hibitor of b-catenin/CBP interaction, PRI-724,2 could
ameliorate experimental AAA. The systemic administration
of PRI-724, which effectively blocked canonical Wnt
signaling (Fig. S5A), slightly delayed the AngII-induced
enlargement of aortic diameter, although this effect was
not significant (Fig.1G; Fig. S5B). The incidence of AAA in
the group treated with PRI-724 was comparable to that of
mice receiving AngII alone (Fig. S5C). Interestingly, PRI-724
improved aneurysm severity, since type IV aneurysmal le-
sions were absent (Fig. 1H). However, the administration of
PRI-724 did not induce a clear benefit on survival (Fig. 1I) or
blood pressure levels (Fig. S5D), nor ameliorated vascular
remodeling (Fig. 1J). It should be noted that AngII was
unable to increase LV mass in PRI-724-treated mice (Table
S1); therefore, the favorable cardiac outcome provided by
porcupine inhibition could be extended to the blockade of
CBP-b-catenin interaction.
immunohistochemical analysis for active b-catenin (ABC) in abdomi
arrow heads indicate positive inflammatory cells and VSMC, respe
levels in abdominal aortas from animals as indicated above (leve
showing the results (mean � SEM) of the densitometric analysis [Sa
test]. (CeF) ApoE

�/�
mice were infused with saline solution or Ang

LGK974 (5 mg/kg/day). (C, left panel ) representative images of a
(mean � SEM) from echocardiography analysis of the abdominal ao
(n Z 8); *P < 0.05 vs. Saline. Two-way ANOVA]; (C, right panels)
infusion. Transverse and longitudinal images taken at the level of th
with a yellow line. (D) severity of AAA by experimental group (n as in
of the experimental groups (Chi-square test). (F) Representative he
experimental group (bars: 200 mm). (GeJ) ApoE

�/�
mice were infuse

were treated or not with PRI-724 (15 mg/kg/day). (G, left panel ) r
(G, middle panel) data (mean � SEM) from echocardiography ana
(n Z 9) and AngII/PRI-724 (n Z 9); *P < 0.05 vs. Saline. Two-way AN
after 28 days of AngII infusion as indicated above. D, Severity of AA
Graph showing the survival rate of the experimental groups (Chi-
abdominal aortic sections for each experimental group (bars: 200
Pharmacological strategies aiming to regress established
AAA or ameliorate aneurysm progression are urgently
needed and still awaited. It has been previously reported
that the Wnt/b-catenin inhibitor sclerostin and the
blockade of WISP1, a b-catenin regulated gene, ameliorate
AAA in AngII-challenged ApoE�/� mice,3,5 thus suggesting
that the inhibition of the canonical Wnt signaling could be a
valuable therapeutical approach for this disease. Several
Wnt modulators have entered the clinical trial phase for
tumoral diseases. However, none of the Wnt inhibitors
tested here show a clear benefit on experimental AAA,
although a favourable response on cardiac hypertrophy was
detected.

In summary, our study has provided evidence about the
striking activation of the Wnt/b-catenin pathway in human
and experimental AAA. Unfortunately, neither porcupine
inhibition nor the disruption of CBP-b-catenin interaction
have shown any beneficial response on AAA other than a
slight reduction in aneurysm severity induced by PRI-724,
excluding that these anti-tumoral drugs could be repur-
posed for aneurysmal diseases. However, in view of the
upregulation of Wnt/b-catenin signaling in this disease,
further research is warranted to determine whether tar-
geting specific elements of this route could ameliorate
aneurysm development.
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