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Abstract
Background—Cell based therapies are being evaluated in the setting of degenerative
pathophysiological conditions. The search for the ideal method of delivery and improvement in
cell engraftment continue to pose a challenge. This study explores the feasibility of introducing
mesenchymal stem cells (MSC) following aortic injury in a porcine model.

Methods—Bone marrow derived MSC were obtained from 8 pigs, characterized for the MSC
markers CD13 and CD 29, labeled with green fluorescent protein (GFP), and collected for
autologous injection in a porcine model of abdominal aortic aneurysm (AAA). The pigs were
euthanized (1–7 days) after the procedure to assess the histological characteristics and presence of
MSC in the aortic tissue. Negative controls included non-injured aorta. Tracking of the MSC was
conducted by the identification of the GFP labeled cells using immunofluorescence.

Results—AAA sections stained with hematoxylin and eosin showed disorganization of the aortic
tissue; collagen-muscle-elastin stain demonstrated fragmentation of elastin fibers. The presence of
the implanted MSC in the aortic wall was evidenced by fluorescent microscopy showing GFP
labeled cells. Engraftment of MSC up to 7 days after introduction was observed.

Conclusion—. Autologous implantation of bone marrow derived MSC following aortic injury in
a porcine model may be successfully accomplished. The long term impact and therapeutic value of
such cell-based therapy will require further investigation.
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Introduction
Cell based therapies are currently being evaluated for the treatment of a variety of
degenerative pathophysiological conditions. (1–3) Studies in mice suggest that injured
cardiovascular tissue partially regenerates through the recruitment of bone marrow derived
mesenchymal stem cell (MSC) populations. (4) Furthermore, in a porcine myocardial
infarction model, directed stem cell therapy has been effective at repairing damaged
cardiovascular tissue and at restoring cardiac function.(5), (6) The degenerative process
responsible for aneurysm formation involves a complex pathological remodeling process of
the aortic wall, with deregulated synthesis and degradation of structural matrix proteins,
particularly elastin and collagen, and depletion of medial smooth muscle cells. This loss of
normal integrity of the connective tissue leads to weakening and dilatation of the aortic
wall.(7) We hypothesize that MSC may have a potential therapeutic role in reverting the
degenerative process resulting in abdominal aortic aneurysm (AAA) formation. However,
similar to applications such as cardiomyoplasty, (8) the introduction of a cell based therapy
approach for AAA entails a number of challenges, including but not limited to: method of
delivery, tracking, survival and engraftment of the cells. Toward this long-term goal, the
objective of the present study was to explore the feasibility of implantation of autologous
MSC in the aortic wall after injury using a native AAA porcine model.

Material and Methods
Animals

Eight male Yorkshire swine, weighing 25–35 kg were used in this study. All procedures
were performed with the approval of the Institutional Animal Care and Use Committee at
Mount Sinai School of Medicine, and the animals received humane care in compliance with
the Guide for the Care and Use of Laboratory Animals by the Institute of Laboratory Animal
Resources, Commission on Life Sciences. (9)

Isolation of MSCs
The animals were sedated, intubated, and maintained under general anesthesia. Bone
marrow aspirates from the iliac crest were obtained using an 11-gauge bone marrow biopsy/
aspiration needle and collected into a syringe containing EDTA and processed with Ficoll
Paque Plus (GE healthcare) for density centrifugation. Isolation of bone marrow derived
MSC was performed following established protocols. (5, 10, 11) Briefly, the harvested bone
marrow blood sample was mixed with Hanks’ Balanced Salt Solution (HBSS) and layered
on the Ficoll Paque. After centrifugation (1000 g for 20 minutes), the mononuclear cell layer
was recovered from the interface and suspended once in the plasma of the gradient’s upper
layer, which was then centrifuged at 500 g for 10 minutes. The supernatant was discarded
and the cell pellet was suspended in HBSS and centrifuged at 200 g for 10 minutes. Finally,
the cell pellet was suspended in medium M199 with Earle's salts and L-glutamine,
(Mediatech, Inc.) supplemented with 10% fetal bovine serum. Cells were incubated in 5%
CO2 at 37°C. The culture media was replaced every third day and the cells were subcultured
when they reached 80–90% confluence.

Flow cytometry
For phenotypic characterization, expression of MSC markers was performed by flow
cytometric analysis using phycoerythrin (PE) conjugated antibodies. Bone marrow derived
MSCs from the third passage were analyzed according to protocols specific for each
antibody. The cells were incubated with the following antibodies: CD13 (Pharmingen),
CD29 (Caltag Lab), CD 45 (Lifespan), CD34 (Caltag Lab), CD 31 (Invitrogen) and the
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isotype controls, IgG1-PE (Immunotech), and IgG1-FITC (Invitrogen). Cells were analyzed
on the FACS Calibur (BD Biosciences).

Labeling of MSCs
The adenoviral vector (AdGFP) carrying the green fluorescent protein (GFP) under the
control of the Cytomegalovirus (CMV) promoter, was produced using the AdEasy
Adenoviral vector system. The absence of replication competent virus was verified by PCR
for the E1 gene. The viral titer was determined by UV; using the DU Series 700 UV/Vis
Scanning Spectrophotometer (Beckman Coulter); OD 260/OD280: 4.7×1012particle/ml. To
track the in vivo implanted MSC, the cells were infected after the third passage with AdGFP
at multiplicity of infection (MOI) 100. The cells were trypsinized and collected 72 hours
after infection and, after centrifugation, the cell pellet was suspended at a concentration of
1x107 cells in 1mL of phosphate buffered saline (PBS) for autologous implantation.

Porcine AAA model and MSC implantation
To induce aortic injury, a porcine model of native AAA was used; this model has been
described in detail previously. (12) Briefly, with the animals under general anesthesia, using
a transperitoneal approach, the infrarenal aorta was exposed. The aneurysm was created by
first dilating the infrarenal aorta with a 12mm non compliant angioplasty balloon; a solution
containing 16000 units of type I collagenase in 10mL of PBS (Worthington Biochemical
Corporation) and 1000 units of pancreatic porcine elastase in 110mL of PBS (Sigma-
Aldrich) was instilled into the lumen of the dilated segment of the aorta. Transplant of
autologous MSCs was performed immediately after the injury. The GFP labeled MSCs were
introduced to the injury site by direct injection into the aortic wall as well as injection into
the lumen with isolation of the treated aortic segment by cross clamping for 10 minutes.

Aortic tissue procurement
To assess the effect on the aortic wall histology and to detect the presence of the MSCs, the
animals were sacrificed at 24 hours (n=2), 72 hours (n=2) and one week (n=4), following the
procedure. Prior to euthanasia, computed tomography angiography (CTA) was performed at
completion of one week post AAA induction. Euthanasia was achieved by lethal injection of
pentobarbital.

The infrarenal aortic segment where MSCs were injected was obtained, as well as suprarenal
aortic samples where no injury was performed. The suprarenal segments were used as paired
controls for each animal. The aortic tissue samples were preserved for 24 at 4 C in RNAlater
(Ambion), which was then removed and the samples were stored at − 80°C for later
processing.

Histology
Aortic tissue samples collected at the time of euthanasia were also embedded in optimal
cutting temperature medium (OCT Compound, Tissue-Tek) and immediately frozen for
histological analysis. Frozen tissue sections (4 micron) were acetone fixed and stained with
hematoxylin-eosin (H&E) and collagen-muscle-elastin (CME), a combination of the
Masson’s Trichrome and Verhoeff stains.

Immunofluorescence
The presence of GFP expressing MSCs was evaluated by immunostaining of frozen tissue
sections with rabbit anti-GFP (Invitrogen) as primary antibody, and Texas red goat anti-
rabbit IgG (Invitrogen) as secondary antibody. Coverslips were mounted with ProLong Gold
antifade reagent with DAPI (Invitrogen). Images were obtained with a Zeiss Axioplan 2 epi-

Turnbull et al. Page 3

J Surg Res. Author manuscript; available in PMC 2012 September 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



fluorescence microscope, equipped with a Zeiss AxioCam MRm camera for capturing
fluorescent dyes.

Capillary density was assessed by immunofluorescence on cross sections using Von-
Willebrand factor (vWF) antibody (DAKO), as endothelial cell marker, and Alexa Fluor 555
donkey anti-Rabbit (Invitrogen) as secondary antibody, with nuclei counterstained with
DAPI.

Western blot
Tissue samples were ground using liquid Nitrogen. The powdered tissue was homogenized
in RIPA buffer (Tris 50mM, NaCl 150 mM, SDS 0.1 %, Na-Deoxycholate 0.5 %, NP40 1%)
using Lysing Matrix D tubes (MP Biochemicals). The protein concentration was determined
by the Bradford method using the manufacturer’s instructions (BioRad Laboratories). 10ug
of each tissue lysate (total protein) were separated by SDS-PAGE electrophoresis. For
western blot analysis, proteins were transferred to polyvinylidene fluoride (PVDF)
membrane (Millipore) at 300mA for 1h. The blots were blocked in 5% milk in PBS and
incubated overnight with rabbit anti-GFP (A11122, Invitrogen) and mouse anti-
glyceraldehyde 3-phosphate dehydrogenase antibody (Sigma). Primary antibodies were
labeled with horseradish peroxidase (HRP) conjugated secondary antibodies (BioRad). The
blot was developed using the chemiluminescence detection system ECL (Millipore).

qRT-PCR analysis
Relative gene expression was determined using two-step quantitative real-time PCR. Total
RNA was isolated with TRIzol reagent (Invitrogen) followed by a “clean up” step as
described in the RNeasy Isolation kit (Qiagen). Using the High Capacity cDNA Reverse
Transcription kit (Applied Biosystems), 1 μg of total RNA was reverse transcribed
according to the manufacturer’s protocol. Table 1 lists the primers (Sigma) that were used to
amplify specific porcine transcripts for MMP9, MMP2 (associated with matrix modulation),
IL-1 and TNF (associated with inflammation) based on prior gene microarray studies of this
porcine AAA model. (13) Quantitative real-time PCR reactions were performed with Power
SYBR Green Master Mix (ABI) on an ABI Prism 7500 Real Time PCR System. The PCR
protocol consisted of one cycle at 95 °C (5 min) followed by 40 cycles of 95 °C (15 s), 58°C
(15s) and 72 °C (34s). Fold changes in gene expression were determined using the Ct
method with normalization to β-actin endogenous control.

qRT-PCR was also performed to determine the local levels of gene expression of vascular
endothelial growth factor (VEGF)-A using specific porcine primers, in aortic tissue samples
collected 72 hours and one week after MSC injection. Gene fold expression was calculated
using suprarenal non-injured segment as control, with normalization to GAPDH endogenous
control.

Results
Assessment of aneurysm injury

The successful induction of AAA was confirmed by histological analysis at 1 week post
injury (n = 4). CTA in a representative example, showed a >1.5 fold increase in the aortic
diameter of the infrarenal segment where the aneurysm injury was induced, compared to the
suprarenal aortic segment used as a paired control (Fig. 1A-B). H&E staining of the tissue
sections from the injured segment of aorta showed a substantial reduction in the number of
cell nuclei in AAA compared to control (Fig. 1C-D), indicating a loss of smooth muscle
cells in the tunica media due to aneurysm injury. CME stain showed loss of the normal
aortic wall architecture; disruption of the lamellar unit with fraying and straightening of the
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elastin fibers, which markedly differed from the normal aortic tissue, that showed elastin
fibers in parallel arrangement (Fig. 1E-F). The aortic wall remodeling and inflammation was
confirmed in quantitative real-time PCR experiments of aortic tissue one week after AAA;
using porcine specific primers, an upregulation of all biomarkers compared to non-injured
control was observed: MMP9 (X7.26x103), MMP2 (X1.64), IL-1 (X5.92) and TNF- (X1.78)
(Fig. 1G).

MSC characterization and labeling
The cells were characterized using CD13 and CD29, both described as mesenchymal stem
cell surface markers; CD45 and CD34, hematopoietic lineage markers, and CD31
(PECAM-1) an adhesion molecule expressed on endothelial cells and their bone marrow
precursors. (14–16) Flow cytometry analysis demonstrated a pattern consistent with a MSC
population, where the percentage of cells positive for CD13 was 58.5% and CD 29 was
99.8%. The percentage of CD45, CD34 and CD31 positive cells, which are expected to be
absent in MSCs, was 0.02%, 0.02% and 0.07% respectively (Fig. 2A). Successful infection
with Ad-GFP at 72 hours was confirmed by fluorescence microscopy (Fig. 2B-C).

MSC tracking
Western Blot confirmed the presence of GFP in the treated aortic segments at 24 and 72
hours after the injection of MSCs. The suprarenal segments of the same animals that were
used as controls, showed no GFP expression, which underscores targeting of the injection
site by the MSC delivery technique (Fig. 3A). The implantation of MSCs in the aortic wall
was also confirmed by immunofluorescence. Analysis of the aortic segments where the cells
were injected reveals MSC-GFP positive cells at 24 hours, 72 hours and one week after cell
injection (Fig. 3B-C and Fig. 4). Immunostaining for GFP was negative in the tissue sections
of control non-injured aortic segments.

Capillary density
Immunofluorescence with an anti- vWF antibody was used to identify capillaries in the
aortic wall. vWF is a glycoprotein produced by endothelial cells and megakaryocytes, it is
found in the subendothelial matrix of blood vessels. (17)(18) The presence of endothelial cells
positive for vWF were detected in the intact endothelium of the suprarenal aortic tissues,
while it was largely absent in the areas of destroyed endothelium of the AAA segments (Fig.
5A). In contrast, in the AAA segments, there were a higher density of vWF positive cells
forming tubuloluminal structures within the outer layer of the media and through out the
adventitia, when compared to suprarenal controls (Fig. 5B).

To further analyze the possible events related to the enhanced capillary density, the local
levels of VEGF-A after implantation of MSC were determined using quantitative real-time
PCR in aortic tissue samples collected 72 hours and one week after MSC injection. At 72
hours, VEGF-A mRNA expression levels were significantly increased (X3.45 ± 0.06,
p=0.003) compared to control non-treated aorta, whereas one week after MSC implantation
the expression of VEGF-A mRNA was approximate to control levels (X1.04 ± 0.49) (Fig.
5C).

Discussion
Porcine native AAA model

The first established AAA model was developed in the rat by isolating the abdominal aorta
followed by perfusion with elastase. (19) The rat model, as well as subsequent models
utilizing elastase and collagenase, was characterized by dilatation of the aortic wall to 1.5
times its native diameter, an inflammatory response at 7 to 10 days and progressive
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destruction of the medial elastic fibers. (20), (21) These models, which recapitulate the
hallmarks of AAA, have contributed to the understanding of the pathogenesis of aortic
aneurysms and the assessment of pharmacologic therapies. (7, 22)

The pig has biomedical importance as a large animal model for human diseases and it is a
suitable model in translational research applications by virtue of its physiologic similarities
with humans. The AAA porcine model utilized in this study has been previously
characterized; a persistent increase in aortic size was observed by magnetic resonance
imaging, and histological analysis showed evidence of inflammation and extracellular
matrix remodeling, consistent with prior animal models of elastase induced AAA. (12)

Subsequent microarray studies performed on the AAA porcine model demonstrated a pattern
in gene expression that is consistent with the human disease state and previously described
in rodent models.(13) From this prior study, two genes associated with extracellular matrix
modulation (MMP2 and MMP9) and two genes associated with inflammation (TNF and
IL-1 ) were chosen for gene profile analysis using qRT-PCR. The genes evaluated in the one
week AAA sample were upregulated as expected from prior studies.

Mesenchymal Stem Cells
Multipotent stem cells, unlike pluripotent embryonic stem cells, are adult stem cells with a
more restricted potential for differentiation but that still retain the ability of self renewal and
the ability to generate progeny of multiple cell lineages. These cells reside within their tissue
of origin or in some cases in other tissues that act as stem cell reservoirs, such as the bone
marrow. The bone marrow contains two prototypical stem cell populations: the
hematopoietic stem cells which give rise to cells of all blood lineages and are able to
reconstitute the hematopoietic system; and non-hematopoietic stem cells of the bone marrow
stroma that provide the structural and functional support for haemopoiesis and are referred
to as MSCs because they can differentiate into multiple cell lineages of mesodermal origin
and contribute to the regeneration of mesenchymal tissues such as bone, cartilage, muscle,
ligament, tendon, adipose, and stroma. (23) (24) MSCs in the bone marrow differentiate into
fibroblasts and osteoblasts. The osteoblasts line the bone surface and support survival of the
hematopoietic stem cells, while the fibroblasts may modulate the area where hematopoietic
stem cells are recruited to the circulation and proliferate. (25)

Phenotypic characterization of the MSCs includes the use of a variety of cell surface
markers. The studies to conduct immunophenotyping for this cell population vary between
the source and species. CD 29 and CD 13 have been described as cell surface receptors that
characterize bone marrow derived mesenchymal stem cells. CD 45, a well recognized
hematopoietic cell marker and CD31, an endothelial cell marker, are used for negative
selection of MSCs; CD34, also a hematopoietic lineage marker and endothelial precursor, is
not expressed in in vitro expanded MSCs. (14) (15) (26)(16) The findings from this study
correlate with this pattern, as the isolated MSCs presented a higher percentage of cells that
were positive for CD29 and CD13 with a very low detection of CD45, CD31 and CD34. The
absence of CD45 cells from this population leads to the conclusion that the isolated cells
correspond to the stromal component of the bone marrow and not the hematopoietic stem
cells.

MSCs have been widely recognized as potential candidates for cell based therapy. It has
been described that the homing of these cells to a site of injury can also result in actual
MSC-mediated functional repair. (27) MSCs administered by intra-articular injection into the
knee joint following injury are capable of specific migration, engraftment and repair of the
damaged meniscus and cartilage. (28) Rodent models have provided evidence of the
myogenic potential of stem cells. (4, 29) Porcine models of myocardial infarction have further
demonstrated the reparative potential of MSCs when administered acutely after injury. (6)
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The local injection of MSCs in a porcine model of myocardial infarction not only
demonstrated the successful engraftment of locally injected MSCs but also their multi-
phenotypic differentiation. These cells evolved into cells that have biologic characteristics of
cardiac myocytes and endothelial cells. These findings were described along with
improvement of cardiac function when compared with untreated controls. (5)

Potential role of cell therapy in AAA
In the setting of AAA, the capacity of the MSCs to differentiate into cells of the connective
tissue lineage is of great interest. The goal of this study was to establish a model that
introduces the concept of cell based therapy in AAA. Towards this aim, we demonstrated
the successful isolation, expansion, labeling and implantation of the MSCs in the aortic wall.

MSCs enhance wound healing through paracrine factors, such as VEGF, which has
chemoattractant and angiogenic properties. Rat bone marrow stromal cells have been
reported to induce angiogenic effects through VEGF. MSCs secrete a variety of angiogenic
factors, in vitro studies have demonstrated increased expression levels of VEGF-A under
hypoxia conditions; following these findings, in vivo studies showed increased capillary
formation in a mouse model of hind limb ischemia, with this effect lasting even after MSC
survival was not detectable. (30) A variety of factors play a role in the angiogenic effect of
MSCs, it has been shown that VEGF production is enhanced by implanted MSCs, they can
also transdifferentiate and adopt immunophenotypic characteristics of endothelial cells, in
addition, MSCs also stimulate an angiogenic response through paracrine factors. (31)

VEGF is a regulator of angiogenesis and it also stimulates elastolytic proteinases. Both
processes play a role in the pathogenesis of abdominal aortic aneurysms, and therefore an
association between the expression of VEGF and the establishment of abdominal aortic
aneurysms has been suggested. (32)(33) The effects of VEGF are not only related to
angiogenesis, inducing migration and proliferation of endothelial cells, but it also has an
effect on other types of cells, such as smooth muscle cells, monocytes and macrophages.
VEGF upregulates the expression of matrix metalloproteinases in endothelial cells and
smooth muscle cells. (32) In the evaluation of atherosclerotic lesions of human aorta, an
association between neovascularization and inflammation has been described, and it is
suggested that they synergistically play a role in disease progression. (34) Likewise, in the
evolution of AAA, angiogenic, immuno-inflammatory and fibrotic responses are observed in
the adventitia.(35)

We observed that VEGF-A was overexpressed in the AAA tissue samples at 72 hours, the
level of expression reached values similar to control samples at one week. The transient
effect of VEGF-A has been recently described, (33) however, it is not clear what are the
mechanisms involved. The increased capillary density in AAA tissue sections along with the
increased expression of VEGF-A are both characteristics expected to be found in AAA,
which further demonstrates the successful creation of AAA, but they are also a feature that
can potentially be attributed to the paracrine effect of the engrafted MSCs. Further study is
required to determine the long term outcome of this effect.

In the course of this study, we encountered several challenges, such as the short term
duration of the expression of GFP that is sustained by the Ad gene transfer. In order to
address this caveat and to extend the duration of expression, future studies will include
lentiviral vectors. These alternative methods of MSC labeling will improve the process of
tracking their presence in the aortic wall for extended time, and allow evaluating their long
term effect. The transplantation of MSC immediately following the aneurysmal injury, is not
a realistic approach for a clinical scenario, therefore, sequential treatment, with multiple
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survival surgeries, for the induction of the aneurysm, and at a later time point, for the
administration of the cell-based therapy, will be required.

The regenerative capability of the MSC in the injured aortic tissue remains to be elucidated.
Their reparative potential is not straightforward and requires investigation. While the low
immunogenic effect of mesenchymal stem cells makes them extensively suitable for many
cell based therapy applications, the angiogenesis effect associated with mesenchymal stem
cell therapy has been a matter of concern, and a possible association towards
tumorigenesis (36). The high potential of MSC to differentiate into cells with a muscular
phenotype in a mouse model of femoral arterial injury, has exposed additional challenges; as
they proliferated and differentiated into both smooth muscle cells and endothelial-like cells,
their presence appeared to contribute to excessive repair processes and was considered a
possible source of intimal hyperplasia. (37) The need for genetic reprogramming of cells
before their delivery is an alternative that could enhance the desired reparative effects of the
MSC on the aortic wall. (38)

Conclusion
The recent development of the porcine model of native AAA provides a basis to perform
studies to evaluate potential cell-based therapies in a pre-clinical animal model that will
facilitate future translational application of the results. The successful delivery of autologous
bone marrow derived MSCs to the acutely injured aortic wall described in this report is the
first step for the development of further in vivo experiments to test the potential contribution
of the MSC in the repair and regeneration of the aneurysmal aortic wall.
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Figure 1. Creation of AAA porcine model
A,B) 1.5 fold increase in aortic diameter at one week after AAA induction (B) demonstrated
by CTA, compared to non-injured suprarenal control (A). C,D) Photomicrograph of
transverse sections of porcine aorta stained with hematoxylin –eosin (H&E) in control (C)
and AAA (D). Scale bar= 50μm. E,F) Photomicrograph of transverse sections of aorta
stained for collagen-muscle–elastin (collagen: green, muscle: red and elastin: black) in
control (E) and AAA (F). Scale bar= 50μm. G) qRT-PCR: Fold change in gene expression
of MMP2, TNFα, IL-1β and MMP9 in AAA aortic tissue compared to non-injured control.
MMP9 shown in separate graph with scale that corresponds to the larger fold change.
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Figure 2. Characterization and Labeling of Porcine Bone Marrow derived MSC
A) Analysis of MSC using flow cytometry: Histogram shows a positive cell population for
cell surface markers CD29 and CD13, and negative for CD45, CD34 and CD 31, based on
IgG isotype control. B) MSC after third passage observed under bright field microscopy.
Scale bar=100μm. C) Same field of view shows MSC observed under fluorescent
microscopy, 72 hours after infection with replication–deficient adenovirus encoding the
reporter gene green fluorescent protein (GFP). Scale bar = 100μm. D) Non-infected MSC
after third passage (control) shown under bright field and E) Fluorescence microscopy
images obtained using same exposure time in infected and control cells, show absence of
GFP positive cells in control.
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Figure 3. Presence of MSC in aortic wall 24 and 72 hours after injection
A) Western blot analysis of GFP, in the injected infrarenal AAA aortic segment, compared
to non-injured suprarenal control at 24h (left panel) and 48h (right panel) after injection of
MSC. B and C) Successful implantation of MSC demonstrated by immunostaining with
anti-GFP at 24h (B) and 48h (C) after MSC injection. Arrow points to site of MSC within
the aortic wall in anti-GFP (red), GFP (green), and merge images with DAPI (blue). Control
tissues area stained with anti-GFP. Scale bar = 50μm.
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Figure 4. Engraftment of MSC in aortic wall one week after injection
Fluorescent microscopy image with arrows pointing at sites of MSC within the aortic wall
labeled with anti-GFP (red). Scale bar = 50μm.
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Figure 5.
Identification of capillaries using immunostaining with Von-Willebrand factor antibody
(red), nuclei counterstained with DAPI (blue), elastin auto fluorescence (green). A)
Endothelial cells identified lining the non-injured aortic endothelium in the suprarenal
control segment (arrow), these are absent in the injured (AAA) aortic segment. Intact elastin
shown in suprarenal control compared to disarranged architecture of the aortic wall in the
injured segment with fraying of elastin fibers. L=lumen, EC= endothelial cells, m=media
and a=adventitia. Scale bar = 100 μmB) Enhanced capillary density was observed in the
AAA segment, representative image with arrow pointing to capillary in AAA aortic tissue
compared to control. Scale bar = 50 μm. C) qRT-PCR: Fold change in gene expression of
VEGFA in AAA tissue compared to non-injured control at 72 hours and one week after
MSC injection. * Indicates a p-value <.05.
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Table 1

Primer sequences used for qRT-PCR analysis.

Gene Forward Primer Reverse Primer

MMP9 5’-GGTGGACTATGTGGGCTACG-3’ 5’-AGTGCTGAAGCAGGACGAG-3’

MMP2 5’-GCCCCCTTGTCCACTCTTAT-3’ 5’-CTTGGTTTTCCTCCATCCAG-3’

IL-1β 5’-CACTGAGCCAGCCTTCTCTC -3’ 5’-GACCCTAGTGTGCCATGGTT-3’

TNFα 5’-CCACCACCAAGAATTGGAAC-3’ 5’-TTGCATCCAGGAATCCAAAC-3’

β-actin 5’-CTCGATCATGAAGTGCGACGT-3’ 5’-GTGATCTCCTTCTGCATCCTGTC-3’

VEGFA 5’-GAGACCCTGGTGGACATCTT-3’ 5’-ACACTCCAGACCTTCGTCGT-3’

GAPDH 5’-ACATGGCCTCCAAGGAGTAAGA-3’ 5’-GATCGAGTTGGGGCTGTGACT-3’
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