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Abstract

Objective: Few large animal models exist for the study of aortic aneurysms. p-
aminopropionitrile (BAPN) is a compound known to cause aortic aneurysms by inhibiting lysyl
oxidase, a collagen cross-linking enzyme. It is hypothesized that BAPN plus aneurysm induction
surgery would result in significant aneurysm formation in swine with biologic properties similar to
human disease.

Methods: Initial experiments were performed in uncastrated male swine not treated with BAPN
(surgery alone). Subsequently, uncastrated male swine were fed BAPN (0.15 grams/kilogram) for
7 days before undergoing surgery: the infrarenal aorta was circumferentially dissected and
measured, balloon dilated, perfused with elastase (500 units) and Type 1 collagenase (8000 units),
with extraluminal elastase application. In the BAPN groups, daily BAPN feedings continued until
swine harvest at postoperative days 7, 14, and 28.

Results: Swine undergoing surgery alone (n=12) had significantly less dilation at 28 days
compared with BAPN + surgery swine (51.9+29.2% (0-100%) vs. 113.5+30.2% (52.9-146.2%);
p<0.0003). Mean aortic dilation in animals undergoing treatment with surgery and BAPN was
86.9%=+47.4% (range, 55.6-157.1%), 105.4%+58.1% (50— 133.3%), and 113.5%+30.2% (52.9-
146.2%) at 7, 14, and 28 days, respectively. In the BAPN + surgery group, significant elastolysis
was present at all time points, while aortic wall collagen content was not significantly different.
Smooth muscle cells were significantly depleted at 14 and 28 days, and M1 macrophages were
increased at 14 and 28 days (p<0.05, all). Matrix metalloproteinase 2 was elevated at 7 days
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(p<0.05, all). Multiple pro-inflammatory cytokines were elevated within the aortic wall of BAPN
+ surgery swine.

Conclusions: BAPN plus Surgery resulted in significantly larger aortic aneurysms than surgery
alone and was critical to aneurysm formation in this novel swine model. Hallmarks of human
disease, such as elastin fragmentation, smooth muscle cell depletion, macrophage infiltration,
matrix metalloproteinase activation, and pro-inflammatory cytokine expression were observed in
BAPN-treated swine. This model better parallels many of the characteristics of human AAAs, and
may be suitable for pre-human drug trials.

Here is the edited TOC summary:
A combination of balloon dilatation, elastase/collagenase perfusion, extra luminal elastase
application, and oral supplementation with B-aminopropionitrile (BAPN) resulted in a
reproducible pig model of abdominal aortic aneurysm that will likely allow studying endovascular
device deployment and aneurysm biology.
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Introduction

Abdominal aortic aneurysms (AAAs) are responsible for over 150,000 deaths worldwide.!
In the United States, AAAs remain a leading cause of death and as the population ages the
disease is projected to become more prevalent.2 Much of the research accomplished to date
has been performed in rodents. However, the clinical applicability and relevance of murine
models is limited and therefore translation has lagged.

B-aminopropionitrile (BAPN) is a naturally occurring compound found in the plant genus
Lathyrus that has been shown to cause aortic aneurysms in humans.3 BAPN inhibits the
enzyme lysyl oxidase, which is responsible for collagen cross-linking in the extracellular
matrix of the aortic wall.* Disruption of this cross-linking is seen in human AAAs.®
Previous work from our laboratory using BAPN in both mice and rats has documented that
the AAAs are larger, contain thrombus, rupture, and form aneurysms remote from the
isolated, treated segments.5

Large animals, such as swine, have a circulatory system that better correlates with human
biology.8 However, few large animal models exist to study the biological mechanisms
involved in AAA formation.? A large animal model for AAA is critical for transition to
humans, especially with the potential application of novel technologies. We sought to build
upon our success in the BAPN rodent models, and hypothesized that a biologically relevant
and reproducible swine AAA model could be developed using a combination of mechanical
forces (balloon dilatation), enzymatic degradation, and inhibition of lysyl oxidase (BAPN).
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Materials and Methods

Animals

Experiments were conducted with the approval of the University of Virginia Institutional
Animal Care and Use Committee (Protocol #3848). Uncastrated domestic male swine
weighing 20-30 kg were used for the experiments. The swine were fed usual chow and
unlimited water. A group of 12 swine did not receive BAPN and underwent surgery alone. In
a separate group of animals (n=21), weights were obtained weekly and a weight-based
dosing of BAPN (0.15 grams/kilogram) was fed to the pigs once daily mixed in whole milk
plain yogurt for one week prior to surgery and daily postoperatively. The swine were fasted
the night prior to surgery and imaging studies.

Creation of New Swine AAA Model

The surgical procedure is a modified protocol described by Hynecek er a/® Induction of
general anesthesia was performed using Telazol (6mg/kg), Xylazine (2mg/kg), and atropine
sulfate (0.04 mg/kg) via intramuscular injections. After intubation, general anesthesia was
maintained using inhaled isoflurane (0.2 mg/kg). Vital signs are monitored intraoperatively
using electrocardiography, pulse oximetry, and oral temperature. A blood sample was taken
prior to incision.

The surgical area is prepped with betadine and 70% isopropyl alcohol and then draped in the
usual sterile fashion. A midline abdominal incision is made and dissection carried out using
the Bovie Electrocautery (Bovie Medical Corporation, Purchase, NY). The abdominal
viscera is displaced cranially and laterally in order to expose the retroperitoneum. The
retroperitoneum is incised and the aorta circumferentially dissected from the renal arteries to
the aortic trifurcation. The external diameter of the aorta is measured using a caliper (Roboz
Surgical Instrument Co., Gaithersburg, MD). At this time, 5,000 units of unfractionated
heparin sulfate is administered intravenously.

The caudal mesenteric artery is identified and clamped. Once no threat to bowel viability is
evident, the artery is cannulated using a 0.018” stainless steel wire guide from a
Micropuncture® Introducer Set (Cook Incorporated, Bloomington, IN). A 5.0 French
introducer from the same kit is then used to dilate the artery over the wire, followed by a 7.0
French introducer. The 0.018” wire guide is removed and a 0.03 guide-wire is inserted
through the introducer into the aortic lumen. The introducer is removed and an Atlas® PTA
dilation catheter sizes 14 or 16 millimeter (BARD Peripheral Vascular, Tempe, AZ) is
exchanged over the wire into the infrarenal aorta. The balloon is gradually inflated to its
profile to dilate the aorta for 10 minutes at a constant 2 atmospheric pressure. When fully
inflated, the balloon is 2 centimeters in length. The balloon is then deflated and withdrawn,
leaving the guide-wire within the aortic lumen. Circulation is resumed.

After 10 minutes, the aorta is cross-clamped distal to the renal arteries and proximal to the
terminal aortic trifurcation. Lumbar branches are identified and clamped to isolate the
infrarenal aorta from systemic circulation. The caudal mesenteric artery is again cannulated
using the introducer sheath over the wire. The wire is now withdrawn and a mixture of 8,000
units of Type I collagenase (Sigma-Aldrich, St. Louis, MO) and 500 units of elastase
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(Sigma-Aldrich, St. Louis, MO) in a 30 mL solution is infused via the sheath under pressure
until the solution begins weeping from the adventitial surface. This is maintained for 10
minutes, and then the solution is irrigated from the aortic lumen. All clamps are removed,
the aorta is again perfused, and the caudal mesenteric artery stump is ligated. Clamp time
was restricted to no more than 10 minutes in order to prevent spinal cord ischemia.

Next, a piece of surgical sponge is cut to the size of the infrarenal aorta and placed on top of
the aorta and soaked with 20 mL of undiluted elastase (27u/mL) for 10 minutes. The aorta is
again measured with a caliper. The retroperitoneum is irrigated, all instruments withdrawn,
and the abdomen closed in three layers.

Postoperative Care

A transdermal fentanyl patch (75 mcg) and intramuscular buprenorphine (0.01-0.02 mg/kg)
were administered at the end of the operation. Cephalexin (1 gram) was administered for 3
days postoperatively. The fentanyl patch was removed on postoperative day 3 and the pigs
then socially housed.

Harvest Procedure

At time of harvest, the pigs were sedated with Telazol® , intubated, and maintained under
general anesthesia with isoflurane. The intestines were displaced from the abdomen and the
retroperitoneum was incised and dissected until the aorta was encountered. The external
aortic diameter was measured using a caliper. Non-BAPN-treated swine (surgery alone)
infrarenal aortic diameters were measured at day 28. The infrarenal aortas of BAPN-treated
swine were measured at 7, 14, and 28 days. Concurrent suprarenal aortas were used as
controls in these experiments. A lethal dose of Euthasol was administered via the vena cava.
The aorta was then dissected from the trifurcation up to the suprarenal aorta and explanted.
Samples of the distal suprarenal aorta and proximal-to-mid infrarenal aorta of 20 millimeters
in size were flash-frozen with liquid nitrogen or fixed formalin for histology.

Specimen Care

The flash-frozen tissue was thawed over ice and a transmural section approximately 3
millimeters in size was cut from the sample and placed in a FastPrep® Matrix Lysing Tube
D (MP Biomedical, Santa Ana, CA) along with 1 milliliter of cell lysis buffer (BioVision
Inc., Milpitas, CA). The tubes were then placed in the FastPrep® —24 (MP Biomedical,
Santa Ana, CA) and lysed for 4 30-second cycles with 5 minutes of rest between each cycle.
The isolated protein liquid was then extracted from the lysing tubes, placed in Eppendorf
tubes, and frozen to —80°C. This homogenate was then used for cytokine array, gelatin
zymography, and enzyme-linked immunosorbent assay (ELISA). For histology, a 3-4 mm
(height) cross-section piece of suprarenal and aortic tissue was fixed in 4%
paraformaldehyde for 24 hours, rinsed with water, and transferred to 70% ethanol. Further
processing included imbedding in paraffin and sectioning at 5 um.

Aortic Comparisons

Size comparison was performed at harvest time point day 28 between non-BAPN treated
swine (surgery alone) infrarenal aorta and BAPN-treated swine (BAPN + surgery) infrarenal
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aorta. In the BAPN + surgery animals, the suprarenal sample from an individual animal was
used as a self-control for the infrarenal treated aorta from the same animal for biomolecular
analyses. Similarly, histologic and cytokine analyses were performed on both infrarenal and
suprarenal aorta samples and compared.

Cross-section samples were prepared using Verhoeff-Van Gieson (VVG) Trichrome to stain
for collagen and elastin. Two independent blinded reviewers scored elastin breaks using the
following scale: 1=concentric heavy rings of elastin, 2=mild elastolysis, 3=moderate
elastolysis, and 4=extensive elastolysis. These scores were averaged and compared.
Immunohistochemical staining was also performed for anti-mouse a. smooth muscle actin
(a-SMA) (1:1000; Santa Cruz Biotechnology, Santa Cruz, CA, USA), macrophages (anti-rat
Mac-2; 1:10,000, Cedarlane Laboratories, Burlington, ON, Canada), M1 macrophages
(IL-1p ligand; 1:200, Abcam), M2 macrophages (Arginine type 1; 1:200; Abcam), and CD3
for T cells (1:500; Santa Cruz Biotechnology). Visualization color development was
completed using alkaline phosphatase (Dako, Glostrup, Denmark) for a-SMA, and
diaminobenzidine for Mac-2, anti-neutrophil, and CD3.

Images of the sectioned aortas were acquired and analyzed as previously published.10 In
short, images are obtained using AxioCam 4.6 software with 4x objective and an AxioCam
MRc camera (Carl Zeiss GmBh). For quantification, the integrated optical density of the
positive staining area in the cross sectional image of the aortic tissue sample was selected
and measured using Image-Pro Plus 7.0 (Media Cybernetics, Bethesda, MD, USA).

Cytokine Array

Cytokine array was performed on aortic tissue to determine the concentrations of
granulocyte macrophage colony stimulating factor (GM-CSF), interferon gamma (IFN- ),
tumor necrosis factor alpha (TNF-a), and interleukin (IL)-1a, —1B, —-1RA, -2, -4, -6, -8,
-10, -12, and - 18. Using the isolated protein homogenate, cytokine arrays (Millipore
Sigma, Bellerica, MA) were completed according to the manufacturer instructions on pigs
harvested at the respective time intervals. Samples from the groups were run in duplicate,
pooled for analysis, and the mean value was used.

Gelatin Zymography

Gelatin zymography was performed using the isolated protein homogenate from the aortic
samples to measure active matrix metalloproteinase (MMP) 2 and 9 activity. Precast
zymography gels (10% Invitrogen, Carlsbad, CA) were loaded with 3 g of isolate from
each aortic sample. The samples were diluted into Tris-glycine SDS sample buffer and
electrophoretically separated under non-reducing condition. The gels were then renatured for
30 minutes in renaturing buffer and incubated in developing buffer for 24 hours at 37°C
while rocking. The gels were then stained in Simply Blue Safe Stain (Invitrogen, Carlsbad,
CA) and the forms of MMP 2 and 9 appeared as clear bands against the blue gel. Image Lab
Software version 4.0 (Bio-Rad, Hercules, CA) was used to quantify the optical density of the
bands.
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Statistical Analysis

Results

All statistical analyses were performed with GraphPad Prism 6 (GraphPad Software, La
Jolla, CA, USA) using Fisher’s exact test or chi-square test as appropriate. Aortic dilation
(%) was calculated as follows: [(harvest infrarenal aortic diameter — initial operative
infrarenal diameter) X 100)]. Data values are reported as mean + standard deviation.
Statistical significance was set to an alpha of less than 0.05. Confidence intervals were set at
95%. All assays were performed in duplicate. Blinding was performed as feasible.

Twelve swine underwent AAA induction surgery without BAPN treatment (surgery alone),
and 21 swine underwent AAA induction surgery with BAPN. One died from intraoperative
aortic rupture during balloon dilatation and was not included in the study group. Another
died in the early postoperative period due to a torsed bladder and also was not included. Two
expired from aortic rupture at 7 days and are included. Data were collected from 19 swine
that ultimately comprised the BAPN + surgery study group. Eight swine were harvested at
28 days, 5 at 14 days, and 6 at 7 days.

BAPN treatment allows for a more robust and reproducible swine AAA

Size analysis was conducted on BAPN-treated swine at 28 days (n=8), 14 days (n=5), and 7
days (n=4), as well as non-BAPN-treated animals at 28 days (n=12). Two animals ruptured
at day 7, so live measurements were not made. At 28 days, swine undergoing surgery alone,
but not fed BAPN, had an infrarenal aneurysm size of only 51.9+29.2% (0-100%), and this
differed significantly from BAPN-treated swine (51.9+£29.2% (0-100%) vs. 113.5+30.2%
(52.9-146.2%); p<0.0003) (Fig. 1A). Swine undergoing AAA surgery and fed a BAPN diet
had an average increase of the infrarenal aorta of 86.9+47.4% (range, 55.6-157.1%),
105.4+58.1% (50-133.3%), and 113.5+30.2% (52.9-146.2%) at 7, 14, and 28 days,
respectively (Fig. 1B).

Swine with surgically induced AAA have histological changes similar to human AAA

In BAPN treated swine, the infrarenal aorta had significantly more elastin fragmentation
compared with the suprarenal aorta at all time points (Figure 2 A, B, C). Histologic staining
with VVG demonstrated derangements in the collagen architecture of BAPN-treated swine.
However, collagen content was not significantly different compared with unmanipulated
suprarenal self-controls at all time points (Day 7: 0.2+0.1 vs. 0.3+0.2, p=0.09; Day 14:
0.2+0.2 vs. 0.3+0.1, p=0.40; Day 28: 0.2+0.1 vs. 0.2£0.1, p=0.29; Fig.3 A, B, C).

T lymphocytes did not differ significantly in infrarenal BAPN treated aneurysm segments
versus suprarenal controls at 7 days or 28 days, but did differ significantly at 14 days, with
more in the infrarenal aortas (p=0.03). Smooth muscle cells were not significantly depleted
from the swine BAPN-treated AAA wall at day 7 (Fig. 4A), but were significantly depleted
compared with suprarenal aortic controls at 14 (p=0.04) and 28 days (0 =0.03) (Fig. 4B and
C, respectively).
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Macrophages were polarized to the pro-inflammatory M1 phenotype

Figure 5 demonstrates macrophage phenotype polarization within the wall of the BAPN-
treated swine infrarenal AAA segment. While not significantly different at day 7 (Fig. 5A),
macrophages were more significantly polarized to the pro-inflammatory M1 phenotype
compared with the pro-resolving M2 phenotype in the infrarenal segments at 14 days (Fig.
5B; p=0.03). M1 macrophages still predominated over the M2 phenotype at 28 days (Fig.
5C; p=0.03).

BAPN+ surgery swine have increased MMPs in the infrarenal aorta

Figure 6A depicts gel zymograms used to detect MMP2 and MMP9 isoforms. Gel
zymography detected an upregulation in overall MMP2 activity in the infrarenal aortic of
BAPN treated infrarenal aortic segments compared with the suprarenal aortic segment at day
7, (2,426,677+2,101,152 densitometry units vs. 676,305+757,812 densitometry units; p=
0.06; Fig 6B). This increase and resultant degradation of extracellular matrix proteins was
seen at all time points. While not statistically significant, MMP9 activity was increased at all
time points in the infrarenal segment compared with suprarenal aorta, but this did not reach
significance (Fig. 6C).

Cytokine levels in surgically induced BAPN-treated swine AAA

Cytokine array was performed on swine aorta at harvest time points of 7 days (n = 3), 14
days (n =5), and 28 days (n = 9). Supplementary Figures 1 and 2 show cytokine levels of
BAPN treated animals as measured by densitometry units over time. IL-6 was significantly
elevated in infrarenal aorta compared with suprarenal segment at 7 days (p=0.04). At 14
days, there were significantly higher levels of IL-1a, IL-1p, IL-2, IL-10, and IL-18 in BAPN
+ surgery treated infrarenal aortic segments compared with the suprarenal segment (p<0.05,
all). BAPN + surgery swine harvested at 28 days showed significantly increased levels of
IL-1a, IL-1pB, IL-4, IL-6, and IL-18 in the infrarenal aortic segment compared with the
suprarenal segment (p<0.05, all).

Discussion

In the present study, a novel infrarenal AAA model was created in which aortic dilation is
reproducibly greater than 100% with histochemical features, as well as MMP and cytokine
changes that parallel human AAA disease. This occurred by using a combination of
mechanical dilatation, elastase/collagenase perfusion, topical elastase application, and daily
BAPN feedings.

Marinov and colleagues investigated whether a AAA model could be developed in swine
using elastase perfusion alone.1! Their work demonstrated that perfusion using elastase
concentrations ranging from 300U to 937.5U created histologic changes in the infrarenal
aorta of swine, namely elastin disruption and smooth muscle cell attrition. However,
aneurysm dilatation of the perfused segment to the requisite 50% increase in size was not
achieved. Ten years later, Hynecek ef a/ published their results combining elastase and
collagenase perfusion with mechanical balloon dilatation.® This work demonstrated that an
infrarenal swine aneurysm model was possible. Using a perfusion solution consisting of 30
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units of elastase and 8000 units of collagenase, mean aortic diameters were increased by
73% (range 33-117%). This group found histologic changes of endothelial loss, neutrophil
infiltrate, and elastin disruption at early time points of 1, 3, and 7 days, with significant
smooth muscle cell attrition seen at 1 week. The lack of smooth muscle cell population
persisted at longer time points (3 and 6 weeks).

We sought to build upon the work by Hynecek and colleagues, and focused on increased
elastase and collagenase concentrations, as well as the addition of BAPN. Prior investigation
in our lab using a model of topical elastase application to the infrarenal aorta in conjunction
with daily BAPN feeding via water source allowed for successful AAA formation in mice
that persisted with chronic features. BAPN treatment alone was tested in swine in the
1970s, but no dilatation of the aorta was observed, even with massive daily dosages.* The
surgical procedure in the present study was similar to the Hynecek group®, but differed in
several distinct ways: (1) use of domestic versus Yorkshire swine, (2) increased elastase and
collagenase perfusion concentration, (3) the addition of topical elastase application to the
aorta, and (4) daily BAPN administration via diet. In the present model, the infrarenal aortic
segment was perfused with 500 units of elastase and 8000 units of collagenase compared
with 30 units of elastase and 8000 units of collagenase used by Hynecek. This modified
technique allowed for a much more robust and consistent increase in AAA size compared
with the surgical technique alone.

Histologic alterations in human AAA have been extensively investigated. AAASs are
characterized by structural remodeling involving elastin fiber destruction, collagen turnover,
smooth muscle cell depletion, and inflammatory cell infiltration.12:13 It has been reported
that elastin is increased in the wall of human AAA4-17 'while others have found a
decrease.18-20 These discrepancies are possibly due to different quantification methods: a
change in “content” refers to an increase or decrease in the actual amount of something,
while a change in “concentration” means an increase or decrease in th e actual amount of the
variable of interest or a change in the amount of surrounding components with no net
alteration in the amount of the variable. The present study found significant elastolysis at all
time points in swine infrarenal aortic segments compared with the non-aneurysmal
suprarenal segment. The method used to quantify this has been used in prior publications
from our lab and refers to elastin content.8:10.21 Importantly, when performing our analysis,
the elastin content in the infrarenal aorta was compared to elastin content in the suprarenal
aorta. Elastin content in the human aorta differs depending on location, and elastin content
has been shown to decrease 49-58% from the suprarenal aorta to the mid-infrarenal aorta.
22,23 Nevertheless, the destruction of elastin fibers seen in the present analysis is consistent
with other published results in human AAA 14.16-19.24,25

Similar to the contrasting amounts of elastin, collagen is increased in human AAAs
compared to controls according to some studies'®26, decreased in others2?, and unchanged
in another report.16 Swine treated with BAPN and surgery showed collagen content to be
less, but not significantly, in the infrarenal segments compared with suprarenal controls.
Similar to elastin, while collagen content has been shown to not significantly differ between
the suprarenal and infrarenal aorta in humans?’, this has not been investigated in swine.
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Interestingly, there appeared to be a correlation in the temporal expression of cytokines and
MMP with cellular populations. Pro-inflammatory M1 macrophages were significantly
increased compared with anti-inflammatory M2 macrophages at 14 and 28 days. The
macrophage-secreted cytokines IL-1 and IL-18 were significantly upregulated at both time
points, and IL-6 was significantly increased at 28 days. At 14 days, IL-2 was up-regulated
which correlates with the increased mural presence of T lymphocytes at that time point.
Overall, the inflammatory milieu of the model must be investigated further as there appears
to be upregulation of pro- and anti-inflammatory markers at similar times, indicating a
complex process of cellular crosstalk.

Macrophages have been shown to play an important role in the inflammatory milieu present
in AAA.28 The present study found macrophages were predominantly polarized to the pro-
inflammatory M1 phenotype at days 14 and 28 in the present swine AAA model. The
sustained population of M1 macrophages is indicative of ongoing inflammation, and a
feature of the model that reflects human disease.

A main limitation of the current study is the uncertainty as to which of the multiple
interventions used in the operation is most critical to achieve aneurysm dilatation and
histochemical changes. The work by Hynecek et a/lacked BAPN, but still had an overall
only 50% aortic dilatation. The current model’s addition of topical elastase application may
also confound results. Its application alone is successful in rodent models, but the swine
aorta is more robust. Additionally, success of the perfusion aspect of the procedure varied
even though an attempt to maintain a constant pressure was made. Importantly, it was
difficult to standardize perfusion pressures, as aortic volumes varied based on number of
factors, including pig size. This could be an area of improvement for future studies.

Conclusion

The present study describes a novel model of AAA in the swine infrarenal aorta. A modified
surgical technique for AAA induction and concurrent daily BAPN administration allowed
for a much more robust aneurysm compared with prior studies.®-11 The observed histologic
changes in the swine AAA are analogous to those found in rodent AAA models and human
AAA:s. In addition, cytokine and MMP expression closely mirrored those seen in human
AAA. This novel model in a large animal will hopefully assist with further elucidation of
AAA biology, as well as device and drug development.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Type of Research:
Experimental study of aortic aneurysms in pigs.
Key Findings:

Aneurysms were produced in a consistent fashion using a combination of balloon
dilatation, elastase/collagenase perfusion, extra luminal elastase application, and oral
supplementation with B-aminopropionitrile (BAPN)

Take Home Message:

This reproducible pig model of aneurysms will allow future mechanistic studies and may
allow endovascular device development.
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Translation of AAA models from small animals to large animals is critical for device
development and further elucidation of AAA pathogenesis mechanisms. We have
developed a reproducible large animal model of AAA disease with over 100% dilatation
in swine. The swine AAA have a histology and inflammatory milieu similar to human
and further work using this model will hopefully expand our understanding of this
disease.
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Figure 1. BAPN treatment increases swine AAA size.
(A) BAPN + surgery swine had significantly higher mean aortic dilation compared with non

BAPN-treated (surgery alone) swine at 28 days (113.5+ 30.2% (52.9-146.2%) vs.
59.7+29.2% (0-86.7%); p<0.01). (B) BAPN-treated swine showed mean aortic dilation of
86.9+47.4% (55.6-157.1%), 105.4+58.1% (50-133.3%), and 113.5+30.2% ( 52.9-146.2%)
at 7, 14, and 28-day harvest timepoints, respectively;
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Figure 2. Elastin fragmentation is increased in BAPN-treated swine AAA.
Van Gieson staining in infrarenal aorta and suprarenal aorta at 7 days (A), 14 days (B), and

28 days (C). Elastin (black) fragmentation as measured by independent reviewers of
infrarenal aorta vs. suprarenal aorta at 7, 14, and 28 days (Far Right A, B, and C,
respectively). Scale bar, 500y. 4x lens objective. * indicates p<0.05.
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Figure 3. Collagen is altered in BAPN-treated swine AAA.
Masson’s trichrome and Van Gieson staining in infrarenal aorta and suprarenal aorta at 7

days (A), 14 days (B), and 28 days (C). Collagen (blue) content within the wall of infrarenal
versus suprarenal aorta as measured by densitometry units at 7, 14, and 28 days (Far Right
A, B, and C, respectively). Scale bar, 250. 4x lens objective.
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Figure 4. Smooth muscle cells are diminished in BAPN-treated swine AAA.
Alpha smooth muscle actin staining within the wall of infrarenal and suprarenal aorta at 7

days (A), 14 days (B), and 28 days (C). Smooth muscle cell (pink) content within the wall of
infrarenal versus suprarenal aorta as measured by densitometry units at 7, 14, and 28 days
(Far Right A, B, and C, respectively). Scale bar, 250p. 4X lens objective. * indicates p<0.05.

J Vasc Surg. Author manuscript; available in PMC 2020 July 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Cullen et al. Page 18
A B &
MMP2 - Day 7 MMPS - Day 7
* -
. gm -
MMP9 T i
i §
. 2 21
2 L e
& 8 & &
@& ,3)@0&0 \{teo @ﬁ@
MMP2 - Day 14 MMP9 - Day 14
=1
gsﬂ
% 4x1
i oh Mo
E 2n1) .
L] =5 e
MMP9 3 y: 3 3
& e & o
MMP2 MMP2 - Day 28 MMP9 - Day 28
s- =1
z
g g g 4= "ae .o.
3 . . & - S
E 210° B 2 o
O o= ¢ L ER L
& & & &
\0‘& ,J.ﬁ@ \d‘é %ﬁ’

Figure 5. M1 macrophages are increased in BAPN-treated swine AAA.

M1 vs. M2 macrophage polarization in swine infrarenal aorta as measured by densitometry

units at 7, 14 and 28 days. * indicates 0p<0.05.
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Figure 6. MMPs are active in BAPN-treated swine AAA.
(A) Gelatin zymograms of active MMP2 and MMP9. (B) MMP2 activity within the wall of

infrarenal versus suprarenal aorta at 7-, 14-, 28-days, and (C) MMP9 activity at 7-, 14-, and

28-days. * indicates p<0.05.
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