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ABSTRACT

The mechanistic basis for the formation of aortic aneurysms and dissection needs to be elucidated to facilitate the
development of effective medications. B-Aminopropionitrile administration in mice has been used frequently to study
the pathologic features and mechanisms of aortic aneurysm and dissection. This mouse model mimics several facets of
the pathology of human aortic aneurysms and dissection, although many variables exist in the experimental design and
protocols that must be resolved to determine its application to the human disease. In the present brief review, we have
introduced the development of this mouse model and provided insights into understanding its pathologic

features. (JVS—Vascular Science 2022;3:64-72.)
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Aortic aneurysm and dissection (AAD) are devastating
diseases. Aortic aneurysms are defined as pathologic
luminal dilatations with a high risk of uncontrolled
bleeding due to aortic rupture and death.'” Aortic aneu-
rysms are most common in the infrarenal abdominal
aortic region,” with the proximal thoracic aortic region
as the second most common location.>® Aortic dissection
leads to bleeding into the medial layers in the thoracic
aorta and can extend into the abdominal aorta, causing
organ malperfusion with critical consequences.'” Surgi-
cal procedures have been the primary therapy because
no medications have been proved effective. Therefore,
research using animal models that mimic facets of the
human disease will hopefully provide mechanistic in-
sights that will lead to a path for the development of
effective medical therapies.

Although many animal models of AAD have been
developed, an increasingly common model is based on

From the Saha Cardiovascular Research Center? Saha Aortic Center? and
Department of Physiology,” University of Kentucky.

The authors’ aortic aneurysm-related research is supported by the National
Heart, Lung, and Blood Institute, National Institutes of Health (grants
ROTHL133723 and R35HLI55649), and the American Heart Association
Vascular Disease Strategically Focused Research Network (grant
18SFRN33960163). The content in our report is solely the responsibility of
the authors and does not necessarily represent the official views of the Na-
tional Institutes of Health.

Author conflict of interest: none.

Correspondence: Hong S. Lu, MD, PhD,; Alan Daugherty, Saha Cardiovascular
Research Center, University of Kentucky, Biomedical/Biological Sciences
Research Building, Rm 249, 741 S Limestone, Lexington, KY 40536-0509
(e-mail: hong.lu@uky.edu).

The editors and reviewers of this article have no relevant financial relationships to
disclose per the JVS-Vascular Science policy that requires reviewers to decline
review of any manuscript for which they may have a conflict of interest.

2666-3503

Copyright © 2021 by the Society for Vascular Surgery. Published by Elsevier Inc.
This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).

https://doi.org/10.1016/j jvssci.2021.12.002

64

the administration of B-aminopropionitrile (BAPN) in
mice. One premise for developing this model was the
observation that turkeys died of aortic rupture after
eating sweet peas, with the subsequent identification
of BAPN as the active constituent.”® The mechanistic ba-
sis for BAPN-induced aortopathy was proposed to be the
inhibition of lysyl oxidase (LOX) activity, which catalyzed
crosslinking of lysine residue in elastin and collagens to
form desmosine. These extracellular matrix proteins are
crucial components for maintaining aortic integrity.”™"
Several studies have demonstrated that chronic BAPN
administration results in AAD formation in mice,
providing a model to investigate the pathophysiology
and mechanisms of AAD.”™ BAPN administration has
been used frequently with angiotensin Il (Angll) infusion
to promote AAD formation in mice. However, BAPN
administration alone can also induce heterogeneous
aortic pathologies that mimic facets of the human dis-
ease. In the present review, we have highlighted studies
that used BAPN as the only chemical intervention to
induce AAD in mice, summarized the BAPN-induced
AAD pathologies and their detection using imaging mo-
dalities, and provided suggestions for optimal experi-
mental designs.

DEVELOPMENT OF BAPN-INDUCED AAD IN MICE

Effects of BAPN on LOX and LOX-like proteins. LOX
and LOX-like protein (LOXL) family members, LOXL1 to
LOXL4, are essential enzymes for the crosslinking of
elastin and collagens.”” LOX-deficient mice exhibit dis-
rupted elastin and collagen crosslinking.'® However, no
studies have investigated AAD in mice deficient in any of
the LOXL proteins. A missense mutation in LOX has been
identified in patients with AAD that was replicated in a
mouse model with this LOX mutation.” These findings
support the notion that disruption of LOX contributes to
the formation of AAD.
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BAPN was reported initially as an irreversible pharma-
cologic inhibitor of LOX and LOXL proteins.®?° BAPN
decreased LOX activity, as demonstrated using purified
LOX from bovine aortas or chick cartilages.®'® An
in vitro study using Escherichia coli showed that LOXLI
and LOXL2 were also inhibited by BAPN.?° However, a
recent report demonstrated that BAPN inhibited LOXL2
effectively in vitro but not LOX?' No studies have re-
ported the contribution of LOXL2 to AAD using in vivo
models. Further study is needed to provide a consensus
of which enzymes in the LOX/LOXL family are inhibited
by BAPN. In addition, more insight is required regarding
the roles of LOXL enzymes in AAD pathophysiology.

BAPN administration. Many of the initial studies had
induced aortopathies by a combination of BAPN admin-
istration with another mode of provoking AAD. This was
initially demonstrated by coadministration of BAPN
and Angll, which induced AAD in adult male C57BL/6]
mice.???* Adult mice had not shown overt aortic pa-
thologies when BAPN was administered alone.?? Sub-
sequent studies have demonstrated that BAPN
administration combined with other manipulations will
induce AAD in adult mice, including application of
elastase to the adventitia of the infrarenal aorta or
administration of DOCA (deoxycorticosterone acetate)-
salt.?>?*?> Among these manipulations, Angll infusion
has been used most often in conjunction with BAPN to
enhance AAD formation. In young (3-week-old) mice,
AAD formation was observed with a 100% incidence
when BAPN was administered for 4 weeks with an Angll
(1 pa/kg/min) infusion for 24 hours before termination.'?
In 3- to 4-week-old mice after 3 to 4 weeks of BAPN
administration, Angll infusion for 12, 24, and 48 hours led
to death due to rupture at an incidence of 14% (7 of 50),
39% (18 of 46), and 67% (29 of 43), respectively.?® There-
fore, studies have demonstrated consistently that tran-
sient Angll infusion augments BAPN-induced AAD.

Accumulating evidence has shown that BAPN adminis-
tration alone will induce AAD formation in young mice.
In one study, 3-week-old male C57BL/6 mice had >80%
AAD formation during BAPN administration without
other manipulations.”” BAPN administration started at 3
to 4 weeks of age suppressed elastogenesis but did not
induce elastolysis.”” BAPN irreversibly inhibits crosslink-
ing of elastin and collagen. However, crosslinking of
elastin and collagen is presumed to be minimal after
the postnatal phase. Thus, inhibition of LOX/LOXL activity
might not disrupt already formed elastic fibers. Patients
with connective tissue disease, such as Marfan syndrome,
Ehlers-Danlos syndrome, or Turner syndrome, often
develop the complication of aortic dissection. The inci-
dence of aortic complications peaks at 30 to 40 years
of age in patients with these syndromes.?®=° Because
BAPN administration in young mice (age, 3-4 weeks)
leads to AAD formation through the inhibition of elastin
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and collagen crosslinking during extracellular matrix
maturation, this mouse model might mimic certain mo-
lecular mechanisms of aortic diseases complicated by
the connective tissue diseases mentioned above.

Route and dose of BAPN administration. BAPN has
been administered in several modes in mouse studies.
Mini-osmotic pumps can be used to deliver BAPN to
adult mice (age, 7-15 weeks).?>*"*® However, it has been
more common to administer BAPN in the drinking water
for young mice (age, 3-4 weeks). A few studies have used
BAPN administration via a gastric tube?® diet,'**” or
intraperitoneal injection.*®

Mini-osmotic pumps provide a constant and continuous
delivery of compounds. This approach has been used
extensively for delivery of Angll to induce aortic aneurysms
in mice.*?“° Given a previous study demonstrating that
the half-life (beta phase) of BAPN was 79 + 5 minutes in
rabbits,*' subcutaneous infusion using osmotic pumps
can be considered an optimal mode for BAPN administra-
tion. However, two considerations are important for the
use of this mode: the solubility of the compound and the
size of the pump. A commonly used infusion rate of
BAPN has been 150 mg/kg/d for osmotic pump delivery.
This dose requires a highly concentrated BAPN solution
(>500 mg/mL) to enable the use of osmotic pumps
(pump rate, ~025 plL/h; model 2004; ALZET Osmotic
Pumps; Durect Corp, Cupertino, Calif). Since the maximal
solubility of BAPN in water is ~50 mg/mL, itis challenging
to dissolve BAPN (150 mg/kg/d) completely. In addition,
the most commonly used osmotic pump, ALZET model
2004, is not recommended for use with mice
weighing <20 g, which is incompatible with its use in
young mice. Therefore, it is often not feasible to deliver
BAPN via an osmotic pump, especially to young mice
with a low body weight. Many recent studies have admin-
istered BAPN in the drinking water, with Angll delivered
through mini-osmotic pumps.*>“** This method appears
to be an optimal mode for the administration of BAPN
to young mice.

Multiple studies in which BAPN was administered in
drinking water have reported that the dose was
1 g/kg/d (Table |). However, it is unclear how this dose
was calculated. This dosage might be appropriate for a
mouse weighing ~25 g that drink ~ 5 mL of water
daily.** However, body weight and water consumption
may vary. In addition, mice aged 3 to 4 weeks will weigh
10 to 15 g, and their water consumption can be <5 mL/d.
Consequently, an estimated dose of 1 g/kg/d of BAPN is
likely to be inaccurate. Therefore, it would be preferable
to provide a more direct description of the BAPN dose,
such as 1 to 3 mg/mL*?*>4¢ or 0.2% to 0.6% [% wt/vol
(2-6 mg/mL)] as reported in selected studies 225454749

Although the common routes of BAPN administration
have been subcutaneous infusion using an osmotic
pump or drinking water, other routes have also been
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Table I. Administration of BAPN to study AAD in mice

JVS—Vascular Science
mmm 2022

C57BL/6" Male 3

Drinking water

1 g/kg/d 2-4 12,51-57

FVB Male 3

Drinking water

1 g/kg/d 4 12

C57BL/63 Male 3-4

C57BL/6" Male 5 Diet

Drinking water

0.5% wt/vol 12 47,48

0.4%, 1%, or 1.5% 4 12

reported, including administration via the diet,'**” gastric
tube % or intraperitoneal injection.”® Adding BAPN to the
mouse diet had effects similar to that of administering
the compound via the drinking water. In the study by
Ren et al'? mice were fed BAPN at doses of 0.4, 1, or
15 g/100 g in their food. All the mice fed 0.4 g/100 g
BAPN developed AAD (five died of aortic rupture). In
the mice fed 1 g/100 g BAPN, two of six mice had devel-
oped thoracic aortic dissection. However, aortic dissec-
tion was not observed in the mice fed the highest
dose. All BAPN-administered mice had lost body weight
in a dose-dependent manner. Although the basis for this
body weight loss was not determined, effects of BAPN on
the lipid and glucose metabolisms might have contrib-
uted to its mechanism.®>®® Because mixing BAPN in
the food is logistically more difficult than dissolving the
compound in the drinking water, the latter is an easier
approach. Compared with food consumption ad libitum,
gastric tube administration and intraperitoneal injection
will provide more accurate and consistent administra-
tion of BAPN. However, the insertion of a gastric tube is
technically demanding and time-consuming. It can
also stress the mice, augmenting the formation of AAD
and adding a confounding factor. Only one study admin-
istered BAPN by intraperitoneal injection, which had
focused on aortic stiffness.*® Thus, the effect of intraperi-
toneal injection of BAPN on AAD formation has not yet
been studied.

Overall, the administration of BAPN (0.5% wt/vol) in the
drinking water will induce a high incidence of AAD in
young mice (age, 3-4 weeks). Because of the high inci-
dence of AAD formation, this mouse model has facili-
tated investigations of whether an experimental
intervention will attenuate AAD. Since different doses
of BAPN can lead to differing severity of AAD, it is impor-
tant to optimize the BAPN dose before performing
experiments.

Mouse strains and sex. The most frequently studied
mouse strain has been C57BL/6, with many studies

reporting the use of the C57BL/6] substrain. It is impor-
tant to distinguish between the C57BL/6 substrains. The
C57BL/6] and C57BL/6N substrains have well-defined
differences, including the recently demonstrated di-
versity in the development of aortopathies.?”® It is also
important to consider different mouse strains when
designing an experiment because the strains have
different susceptibilities to BAPN-induced AAD. Male
FVB mice had a lower incidence of AAD compared with
age-matched male C57BL/6 mice (substrain not re-
ported): a 25% incidence of AAD and no aortic rupture in
FVB mice vs an 87% incidence of AAD and a 37% inci-
dence of aortic rupture in C57BL/6 mice.” The high
incidence of AAD in C57BL/6 mice has illustrated that the
BAPN-induced AAD mouse model does not need a hy-
percholesterolemic background. However, no studies
have determined whether hypercholesterolemia wiill
augment the development of BAPN-induced AAD.

Sexual dimorphism has also been reported in AAD for-
mation in humans and mice.®*”” In humans, AAD has
been more prevalent in men than in women,®® and the
outcomes have frequently been worse for women.”®”
Women have been shown to be more likely to experi-
ence mortality from aortic dissection, lower long-term
survival after surgery, and a greater frequency of cardiac
complications such as cardiac tamponade.”®”® In several
mouse models, the incidence and severity of abdominal
aortic aneurysms are sexually dimorphic, with greater
severity in male mice.”*”” Consistent with this premise,
a few studies have reported a lower incidence of AAD
in female mice coadministered BAPN and Angll.**78
However, no studies have reported on sexual dimor-
phism when BAPN was administered alone.

PATHOLOGIC FEATURES OF BAPN-INDUCED AAD

Progression of BAPN-induced AAD

Most studies reported AAD formation within 4 weeks of
BAPN administration (Table |). No apparent pathologies
were noted within 7 days of BAPN administration. How-
ever, impairment of the endothelial layer was detected
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as early as 7 days after BAPN administration, which was
demonstrated with an Evans blue injection into the
angular vein 20 minutes before termination.®® After
7 days of BAPN administration, OOCD45+ cells were
detected, mainly in the tunica adventitia, and had
increased after 14 days. Neutrophils (Ly6G+ cells) were
also detected in the adventitia after 7 days but were
not apparent after 14 days of BAPN administration.> In
addition to the pronounced accumulation of red blood
cells, disruption of the elastic fibers was observed after
2 weeks of BAPN administration. Severe fragmentation
of the elastic fibers and medial dissection became
apparent after 3 weeks of BAPN administration. After
28 days of BAPN administration, the accumulation of
leukocytes at the site of medial rupture and the sur-
rounding adventitia was evident.>' >>*°°27° For mice sur-
viving 4 weeks of BAPN administration, thrombi had
resolved; however, continuous leukocyte infiltration and
disorganized collagen deposition were still prominent.
After prolonged administration of BAPN for
=12 weeks,*”*® pronounced thinning of the aortic wall
in the ascending and descending thoracic aortic regions
was observed. The prolonged administration of BAPN
can cause kyphosis and osteolathyrism in mice.®®
No studies have reported detailed histologic features af-
ter protracted intervals of administration.

Tearing of the aortic wall leads to bleeding. If bleeding
is constrained by the media or adventitia, thrombi will
form, surrounding the ruptured media or adventitia.
Aortic rupture occurs if transmural bleeding ensues or
the thrombi fail to constrain the blood within the medial
and adventitial layers. In BAPN-administered mice, intra-
or transmedial dissection was observed, in addition to
luminal dilatation, predominantly in the thoracic aorta.'”
The presence of medial dissection and the location of
aortic dilatations are distinct pathologic features of this
model compared with the Angll-induced abdominal
aortic aneurysm model, which demonstrates luminal
dilatation with adventitial dissection in the suprarenal
abdominal aorta.*® BAPN-induced AAD has high death
rate from aortic rupture. For mice that died of aortic
rupture, death has been noted as early as 10 days after
the initiation of BAPN and became more frequent after
14 days of BAPN administration. The rate of death from
aortic rupture has been reported to be ~ 50% to
80%'\ 2,52-61,63,64,79

Although several studies have shown BAPN-induced
aortic pathologies at different time points, the systematic
determination of the sequential events during BAPN
administration from the initiation to the progression of
AAD is lacking. The data from previous studies, which
usually provided pathology information after a single
time point for 3- to 4-week-old mice administered
BAPN, have shown that the aortic rupture rate is high.
Also, recently formed or resolving hemorrhage in the
medial layers has been noted frequently, accompanied
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by inflammatory cell accumulation, luminal dilation,
and profound elastin breaks and extracellular matrix
degradation.

Overall, the BAPN-induced AAD mimics several aspects
of the heterogeneity of human AAD (Table I1). It might be
an optimal model to allow us to understand the molec-
ular mechanisms and explore potential therapeutic stra-
tegies for AAD. To perform a detailed characterization of
the pathologic features over time throughout the
diseased regions, it would be helpful to extend the
observation period beyond 4 weeks, in addition to the
short intervals.

AAD location

Aortic dissection in humans can be categorized into
two types: Stanford types A and B. Stanford type A in-
volves the ascending aorta with pathology in the
ascending aorta alone or extending to the descending
aorta, and type B includes pathologies initiated from
the descending aorta. The use of this classification can
help to decide the therapeutic strategy. A type A dissec-
tion requires urgent surgical repair. In contrast, treat-
ment of type B dissections has not been consistent.”®
Therefore, it is important to elucidate the region-
specific mechanisms of AAD.

For BAPN-induced AAD, most studies have either
focused on thoracic AAD or did not specify the AAD loca-
tion. One study reported that, in male C57BL/6 mice in
which BAPN administration had started at 3 weeks of
age, 87% had developed thoracic aortic dissection and
13% had developed abdominal aortic dissection.'” How-
ever, it was unclear whether the mice with abdominal
aortic dissection had also developed thoracic aortic
dissection. Thus, it is important to describe the region
of aortic dissection because concomitant thoracic and
abdominal aortic dissection would suggest that the initi-
ation of aortic dissection had started from the thoracic
aortic region. In addition, the studies that had reported
thoracic aortic dissection, most had not specified
whether the aortic dissection had started in the
ascending aortic region, aortic arch, or descending
thoracic aortic region. The usefulness of this model
would be enhanced by investigators including region-
specific data, such as the aortic region of AAD initiation,
the extension of the involved aortic regions, and the
rupture location.

Molecular mechanisms of BAPN-induced AAD
Inflammation. BAPN  administration  provoked
increased plasma concentrations of multiple inflamma-
tory molecules, such as interleukin (IL)-1B, IL-2, IL-3, IL-6,
CD40 ligand, and tumor necrosis factor-0.°°°¢ A direct
link of these increases to the development of aorto-
pathies has been demonstrated by whole body deletion
of either IL-3 or CD40 ligand that attenuated
BAPN-induced AAD formation.>®>° Also, deletion of
complement C3a receptor inhibited the development of
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Table Il. Comparison of AAD between humans and
BAPN-administered mice

Location
Aneurysm Abdominal > Thoracic >
thoracic aorta abdominal aorta
Dissection Thoracic aorta Thoracic aorta
False lumen Media Media
formation
Elastin fragmentation Yes Yes
Collagen deposition Yes Yes
Inflammmatory cell Yes Yes

accumulation

AAD, Aortic aneurysm and dissection; BAPN, -aminopropionitrile.

BAPN-induced AAD.>® In addition, the anti-inflammatory
compound, dexamethasone, attenuated BAPN-induced
AAD, accompanied by diminished inflammation.®?
These findings support the idea that inflammation
plays a critical role in the development of BAPN-induced
AAD (Fig 1).

Metalloproteinase. Several studies have demonstrated
changes in metalloproteinases (MMPs) in mouse aortas
during BAPN administration, in particular, the gelati-
nases, MMP2 and MMP9. Some studies have uniformly
demonstrated increased MMP2 protein and
MRNA, 220536184 3nd gortic MMP9 protein was shown
to increase in all>#°39628% Kbyt two studies'>*° (Fig 1). In
addition to the gelatinases, several studies have reported
an increase in aortic MMP3°9°74> A causal role in the
changes of MMP abundance can be inferred from the
single study in which suppression of MMP2 using short
hairpin RNA attenuated BAPN-induced AAD formation.>®
Although multiple studies have shown the contribution
of MMPs to the pathophysiology of BAPN-induced AAD, it
remains unknown how BAPN alters aortic MMPs. In
addition, BAPN has been assumed to cause AAD through
the inhibition of elastin and collagen crosslinking. Overall,
the precise role of MMPs in BAPN-induced AAD forma-
tion remains to be clarified.

Smooth muscle cells. The loss of smooth muscle cells
(SMCs) in BAPN-induced AAD has been attributed to
apoptosis (Fig 1).52°4556962 Consistent with the promo-
tion of SMC apoptosis, AKT phosphorylation was down-
regulated in mice after BAPN administration.>#°%7°
However, phosphorylation of ERK is controversial in the
BAPN-induced AAD mouse model.5?7° A direct role of
SMC apoptosis has been inferred by the effects of rapa-
mycin that prevented BAPN-induced AAD formation. It
is of note that intermittent hypoxia alleviated
BAPN-induced AAD with inhibition of SMC apoptosis.>”
The effects of SMCs was also demonstrated by SMC-
specific sirtuin-1 overexpression, which decreased the
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Fig 1. Molecular mechanisms studied in B-amino-
propionitrile  (BAPN)-induced aortic aneurysm and

dissection (AAD) mouse model. IL, Interleukin; MMP,
metalloproteinase; SMC, smooth muscle cell.

BAPN-induced AAD rupture rate®* Sirtuin-1 was re-
ported to have antioxidative effects in the aorta.®
Despite these studies, the mechanism by which BAPN
induces SMC phenotypic changes has not yet been
defined.

During the past decade, many molecular mechanisms
by which BAPN causes AAD formation have been
explored. However, many studies had used aortas har-
vested after 4 weeks of BAPN administration, which
could have had overt pathology, such as aneurysms
and dissections. Thus, it is difficult to discern whether
the observed changes were a cause or a consequence
of the aortic pathology. For greater insight, it is important
to determine which changes are present at early inter-
vals of BAPN administration before the appearance of
overt pathology.

IMAGING TOOLS FOR DETECTING
BAPN-INDUCED AAD

High-frequency ultrasound. With the advent of high-
frequency ultrasound instruments, noninvasive ultra-
sound has been commonly used to monitor aortic
dilation in mice®? Multiple studies have used ultra-
sound to assess BAPN-induced AAD.>%>%°658606147.48.79
Most studies had measured the luminal diameters in
the proximal thoracic aorta as a parameter of AAD
severity. Right and left parasternal approaches are the
standard ultrasound modes for mice. However, these
modes are not optimal for descending aortic imaging
owing to interference from the lungs and ribs. A recent
study reported a paraspinal dorsal approach for ultra-
sound imaging in the descending aortic region of mice
(Fig 2, A).*® This approach can visualize aortic dilatations
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A Ultrasound

Thoracic aortic aneurysm

B micro-CT

Aortic Arch
2mm 2

D In situ

Pre-OCT

and false lumen formation through the descending
thoracic aorta of BAPN-administered mice (Fig 2, A).

Micro-computed tomography. Micro-computed to-
mography (CT) is a modality used for the acquisition
of high-resolution aortic images of mice. Unlike ultra-
sound, micro-CT has less dependency on user skill for
acquiring aortic images that can be used for quanti-
tation of dimensions. In addition, micro-CT readily en-
ables evaluation of the aortic size in three dimensions,
which might provide more detailed structural infor-
mation. Several studies have used micro-CT to detect
BAPN-induced aneurysms at study termination (Fig 2,
B).°"“® Despite detailed information with high reliability,
the necessity of an intravenous injection of contrast
agent has impeded the use of serial micro-CT imaging
studies. Sequential micro-CT monitoring has not been
reported for BAPN-administered mice. Because BAPN
leads to heterogeneous aortic pathologies, it would be

Post-OCT

Fig 2. Imaging tools for detecting f-aminopropionitrile (BAPN-induced aortic aneurysm and dissection (AAD) in
mice. Representative aortic images of ultrasound“® (A), micro-computed tomography (CT),“® ex vivo (authors’
unpublished data; €), and in situ®’ (D) approaches. OCT, Tissue-Tek optimal cutting temperature (compound;
Sakura Finetek, Torrance, Calif). Scale bar =1 mm.
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Aortic dissection

C Exvivo

interesting to monitor BAPN-induced AAD formation
sequentially using micro-CT in live animals.

Magnetic resonance imaging. The mouse aortacanalso
be visualized using magnetic resonance imaging (MRI).%*
MRI does not result in radiation exposure and might not
require contrast agents for basic imaging of mouse aortas.
One study using MRI showed overt dilatation of the
proximal thoracic aorta in BAPN-administered mice that
was consistent with the ultrasound and ex vivo findings.>*
However, the spatial resolution of MRI is not sufficient to
assess small structural alterations in mouse aortas. Its
expense is also a barrier to the use of MRI. Thus, at present,
MRI cannot be routinely applied for evaluating aortic
morphology in mice.

Ex vivo and in situ imaging. Ex vivo approaches have
been used most frequently to evaluate BAPN-induced
AAD in mice (Fig 2, C).1%#74852:61636479 BAPN jnduces
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heterogeneous aortic pathologies in the entire thoracic
aorta. Because ex vivo approaches can detect AAD
directly in any region, it has advantages for the evaluation
of aortic pathologies in BAPN-administered mice. How-
ever, owing to the absence of blood pressure, it is difficult
to maintain the aortic dimensions after euthanasia,
especially when severe pathologies are present. There-
fore, formalin or latex perfusion has been used frequently
to maintain aortic patency during ex vivo imaging.2“%° In
situ imaging has also been a common approach for
aortic evaluations in mice.””“®®” This approach can
assess aortic morphology while the tissue resides in the
anatomic position. A recent study demonstrated the
reliability of aortic measurements using in situ images
with optimal cutting temperature compound infused
into BAPN-induced AAD.*” Optimal cutting temperature
compound injection expanded the aortic lumen, and the
aortic diameters were comparable to the ultrasound
measurements (Fig 2, D). It is worth noting that the aortic
diameters using ex vivo or in situ images are external, not
luminal, diameters. Because external diameters will not
correspond to luminal diameters in aortic dissections,
other modalities, including ultrasound and micro-CT,
could be considered to assess the luminal diameters in
addition to external diameters.

Several modalities and methods are available to eval-
uate aortic morphology in mice. Because each approach
has different advantages and shortcomings, the imaging
approaches should be chosen to optimize the endpoints
of each study. In addition, the heterogeneity of BAPN-
induced aortic pathologies has resulted in challenges
to aortic imaging for the acquisition of authentic mea-
surements. Therefore, for robust evaluations, we would
recommend the use of multiple modes to validate
BAPN-induced aortic pathologies in mice.

SUMMARY AND PERSPECTIVES

BAPN-induced AAD replicates a spectrum of the fea-
tures of human AAD (Table Il). Thus, this mouse model
provides opportunities to study the complex mecha-
nisms of AAD from the early to advanced stages for
exploring potential therapies. Although much research
is required to translate animal findings into human
uses, advances in research tools, including state-of-
the-art imaging systems and well-controlled pharma-
cologic studies, will provide insights into defining
therapies for AAD. Prospectively, collaborations be-
tween basic science investigators and physician scien-
tists will enhance our knowledge of AAD mechanisms
and pathophysiology in humans and provide ultimate
insights into translating the findings from animal
studies into human uses.
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