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Abstract: Many factors are possibly involved in the inflammatory process which causes the degeneration of the 
arterial wall in the formation of Abdominal Aortic Aneurysms. During the last years different experimental models 
have been published to treat this fault of the arterial walls. Parallel the clinical treatment has evolved. With this work 
we have tried to develop an animal model basing on the clinical current treatment. Finally, we propose a treatment 
based on mesenchymal cells to disable local immune response, preventing excessive fibrosis, apoptosis, and induc-
ing intrinsic cellular progenitors. Objective: To present a reproducible superior animal model of experimentation, 
intending to show that mesenchymal stem cells inserted in the sac of an artificial aneurysm are able to survive, so 
that they can be made accountable for a subsequent beneficial effect upon this condition. Methods: Six Landrace-
White pigs, weighing around 25Kg. We generate 2 aneurysms of abdominal aorta (2x1cm) with Dacron’s patches. 
Later we treat the aneurysms endoscopic with a covered endograft. Finally, in one of the aneurysmal sac we intro-
duce 1cc fibrin sealant and in another 1 cc of fibrin sealant with 10 million MSC. Animals were sacrificed at 24 hs 
and 1, 3, 5, 7 and 9 weeks. Samples of aneurysms were processed histologically (H&E and Masson). The injected 
cells were located by immunofluorescence (GFP market). Results: The surgical technique is reproducible and similar 
to those conducted in common clinical practice. Histological cross-section samples of cases treated with MSC and 
analyzed by a blind researcher present a lower inflammation reaction, or with longer evolution time than in controls. 
Immunofluorescence studies have detected cells marked with GFP up to three weeks after treatment. Conclusion: 
This reproducible animal model is similar to common clinical treatment. MSC can stand alive at least for three 
weeks since their implantation within an aneurysm sac. This may improve the results of conventional endovascular 
treatment by the stabilization of the aneurysmal sac. 
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Introduction 

Arterial conditions share one common factor, 
which is the inflammatory response that 
appears in its walls as a response to different 
noxae. This response can translate into the 
accumulation of substances and degradation 
products in the sub-endothelial region (obstruc-
tive condition, intimal hyperplasia) or into the 
degradation and weakening of the dilating wall 
(aneurysms). The initiating or regulatory mech-
anisms for this process are not exactly known; 
however, it is known that progenitor cells play a 

major role in the repair and “scarring” process-
es of those lesions induced on the arterial wall.

The exact sequence of events which leads to 
aneurysm progression and rupture is not 
known; but it is clear that there is inflammation 
and proteolysis of the tunica media, which 
causes a critical reduction in the wall’s tensile 
resistance [1, 2]. 

Many factors are possibly involved in the forma-
tion of Abdominal Aortic Aneurysms (AAA), as 
well as in the activation of lNF-B and AP-1 path-
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ways, IL-6 and IL-8 hyper-expression, and the 
accumulation of neutrophils involved in the 
inflammatory process which causes the aneu-
rysmal degeneration of the arterial wall [3]. It 
has also been described that intraluminal 
thrombus may play a direct role in aneurysm 
progression, through the activation of proteoly-
sis mediated by metalloproteases and plasmin. 
It might also be involved in the hypoxia of tunica 
media, resulting in the apoptosis-necrosis of 
smooth muscular cells. Finally, some authors 
postulate the possibility of thrombus itself 
increasing the AAA’s wall tension [4].

The impact of hemodynamics upon aneurysm 
development has been proven in clinical as well 
as experimental trials. The infrarenal aorta has 
the highest proneness to degenerate into aneu-
rysm, either because of its anatomical situa-
tion, higher peripheral resistance, higher wall 
stress, and a lower flow at rest than other aortic 
segments; or by the increase in MMP-9 expres-
sion in the aortic wall compared with proximal 
segments [5].

Bone marrow-derived stem cells and endothe-
lial progenitor cells are involved in endothelial 
regeneration and repair processes after acute 
lesions. In these cases, a generalized inflam-
matory reaction appears, including progenitor 
cell mobilization, local chemotactic synthesis in 
the ischemic tissue, and production of humoral 
and neural signals which activate the migration 
of new progenitor cells from the bone marrow. 
Many progenitor cell families have been identi-
fied in peripheral blood: hematopoietic stem 
cells, endothelial progenitor cells, mesenchy-
mal stromal cells, angiogenic cells and small 
pluripotent embryonic cells; anyway, the role of 
these circulating cells in endothelial repair is 
still uncertain. It is only known that the number 
of cells decreases in diabetic patients, and is 
increased by statin use or exercise [6-9].

When there is tissue damage, an increase in 
MSC (Mesenchymal Stem Cells) is observed, 
and these could be involved in the inflammato-
ry process and the delivery of pro-angiogenic 
signals [10, 11]. In recent years, the effects of 
MSC upon damaged regions have been proven, 
causing the inhibition of local immune response, 
preventing excessive fibrosis, apoptosis, and 
inducing mitosis in intrinsic cellular progenitors 
[12]. These immunomodulating effects are 
caused by reducing the functions of B and T 

lymphocytes and Natural Killer cells, affecting 
the function of dendritic cells [13]. Moreover, 
MSCs cause a low immunogenic effect, even 
upon models or patients with different HLA, due 
to low expression levels of HLA-I and null 
expression levels of HLA-II [14]. Another effect 
of MSCs upon affected regions is their involve-
ment in new vessel formation [15], either by 
cell differentiation or by secreting pro-angio-
genic stimulating factors into the bloodstream. 

We present a reproducible superior animal 
model of experimentation, and we propose the 
basis for a possible way of treatment, intending 
to show that stem cells of the mesenchymal 
family inserted in the sac of an artificial aneu-
rysm are able to survive, so that they can be 
made accountable for a subsequent beneficial 
effect upon this condition [16].

Materials and methods

Experimentation animals

Six Large-White female pigs, weighing from 22 
to 28kg, underwent surgery according to the 
protocol approved by the CEBA (Ethical 
Committee for Animal Welfare) in the La Paz 
Universitary Hospital, and taking into account 
the rules in the EU Directive on Animal 
Experimentation (86/609/EEC), as well as 
Spanish regulations (RD1201/2005). Animals 
were housed individually, and were controlled 
daily by the research team and the animal 
house staff.

Surgical procedure

96 hours before the procedure, antibiotherapy 
was initiated with Ceftriaxone 40mg/Kg (i.m.) 
and continued during one week. 24 hours 
before surgery, fentanyl patches were applied 
to all animals, animals were fasted 12h before 
surgery. Before surgery, all animals received 
pre-medication with Ketamine: 10mg/Kg (i.m), 
Midazolam: 0,4mg/Kg (i.m) and Tramadol: 
5mg/Kg (i.v). Once in the operating room, ani-
mals were anesthetized with Isoflurane 5%, 
which was also used for maintenance of anaes-
thesia during the operation 1,5-2%, associated 
with a continuous infusion of morphine, ket-
amine and lidocaine (12, 30 and 15mg respec-
tively in 500cc saline solution; 10ml/Kg/h). 
Once the operation was completed, analgesia 
was managed with Tramadol 5mg/Kg (i.m.) and 
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fentanyl patches during a week. Animals start-
ed tolerating food 12 hours after the 
intervention.

Surgical procedure was conducted in the 
supine position, i.v. infusion in the outer ear, 
and non-invasive monitoring of vital signs 
(blood pressure, temperature, heart rate and 
arterial oxygenation). Through median laparoto-
my, the following steps were taken: 1. Dissection 
and control of infrarenal aorta and dual iliac 
bifurcation; 2. Systemic heparinization with i.v. 
Heparin 5000 IU.; 3. Infrarenal clamping and 
suture of two oval-shaped Dacron patches 
(Vascutek, Scotland, UK) measuring 2cm length 
x 1cm width, separated at least by 1cm of 
healthy proximal aorta (up to the origin of the 
renal arteries), with 1cm separation between 
them, and 1cm to the fist aortic bifurcation. 
Thus we will obtain two adjoining small-sized 
fusiform aneurysms within 7cm of abdominal 
aorta; 4. Declamping and haemostasis of both 
patches; 5. Distal aorta control and clamping, 
and iliac branch clamping. A straight Dacron 
tube of 8mm diameter is sutured over the bifur-
cated distal aorta (Vascutek, Scotland, UK), 
which will be used to access endovascular 
devices; 6. Anastomotic hemostasis and prepa-
ration of area for the second endovascular peri-
od (Figure 1).

Following this, through fluoroscopic monitoring, 
endovascular treatment of aneurysms was con-
ducted through covered Wallgraft endoprosthe-
sis (Boston Scientific, Natich, MA,USA) of 
6-8mm diameter and length adequate to cover 
both aneurysms without covering the renal 
arteries or the iliac bifurcation. We used a 9F 
introductor in the Dacron prosthesis previously 
sutured to the terminal aorta, and catheteriza-
tion with hydrophillic guide of the whole aortic 
axis. Before completing the aneurysm exclu-
sion, a catheter is left inside the proximal aneu-
rysmal sac through a second 5F introductor, 
also placed in the Dacron prosthesis. Once the 
endovascular exclusion has been completed, 
the catheter placed in the aneurysmal sac is 
used as a vehicle to place the stem cells inside 
this sac (Figure 2).

At the same time as the surgical intervention is 
being conducted, the cells to be injected are 
prepared. Aliquots of 10 million ASCs are dis-
solved in 1cc fibrin sealant (PF, Tissucol Duo, 
Baxter, Germany). We check the correct place-
ment of the catheter through fluoroscopy, and 
the PF with ASCs is introduced in it. To ensure 
that nothing remains in the catheter lumen, 

Figure 1. Anastomotic haemostasis and preparation 
of area for the second endovascular period.

Figure 2. Complete aneurysm, a catheter is left in-
side the proximal aneurysmal sac through a second 
5F introductor, also placed in the Dacron prosthesis. 
The catheter placed in the aneurysmal sac is used 
as a vehicle to place the stem cells inside this sac.
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0,5cc of fresh saline solution are introduced 
immediately after, in order to know the exact 
number of cells we have implanted.

Animals were sacrificed by intravenous injec-
tion of potassium chloride at lethal doses, 
under inhaled anaesthesia with isoflurane at 
24 hs and 1, 3, 5, 7 and 9 weeks.

Cell isolation and preparation

Adipose Tissue-Derived Stem Cells (ASC) were 
used, obtained from an animal of the same 
breed according to the protocol previously 
described [17]. Afterwards they were stably 
transfected through the GFP (Green Fluorescent 
Protein) gene, following the technique described 
for the product by the National Center for 
Cardiovascular Research (CNIC). Once trans-
fected, cells were expanded in culture, and 
were characterized and differentiated as adipo-
cyte, osteocyte and chondrocyte, according to 
the protocols described by Zuk P. el al (confirm-
ing that we are working with mesenchymal 
stem cells according to international criteria) 
[18, 19]. Finally, cells were expanded in vitro 
and aliquots of 10 million were frozen with 10% 
DMSO and stored in liquid nitrogen until their 
use. 

One week before the intervention, those ali-
quots required were defrosted and cultured 
until a sufficient number was obtained. Before 
being used, cells were detached from the cul-
ture through Trypsin-EDTA, and washed 3 times 
with buffered saline solution (PBS, Gibco).

Histological study 

Samples of aneurysms (with or without cells) 
were collected for the histological study. Said 
samples were added to a buffer with 10% for-
malin, and subsequently soaked in paraffin. 5 
micron cross-sections were prepared, which 
were processed through hematoxylin & eosin 
and trichrome staining. 

Samples of the histological blocks were used 
for the immunofluorescence study. 5 micron 
cross-sections were dewaxed and rehydrated. 
Afterwards, anti-GFP primary antibodies (SC-
8334, Santa Cruz Biotechnology, California, 
U.S.A.) were diluted at 1:100, pre-treated with 
citrate buffer (pH=6) and incubated with block-
ing buffer for 1 hour. This step was followed by 
washing and 1-hour incubation with the sec-
ondary antibody Alexa Fluor 488 (Molecular 
Probes, Eugene, Oregon, U.S.A.) 1:200 diluted; 
afterwards, they were mounted with Antifade 

Figure 3. A-C: Macroscopic view of the aneurismal sac (three weeks); B-D: Macroscopic view of the aneurysmal sac 
(three weeks) in 10% formalin. E: Hematoxylin & Eosin Staining Section. X4. Aneurysmal sac induced by Dacron 
patch.
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reactive with DAPI (ProLong® Gold Molecular 
Probes; Eugene; Oregon, U.S.A.) and observed 
through a fluorescence microscope (Leica 
DMI6000B).

Results

No complications or adverse effects were 
encountered during the intervention of all ani-
mals. Once operated, animals recovered their 
intestinal habit and typical development rate 
for their age. Animals initiated their usual diet 
12 hours after the intervention, and gained 
weight during follow-up.

Macroscopic results 

When animals were sacrificed, we found the 
typical post-surgical fibrosis, which is a result of 
scarring of tissues previously operated upon, 
particularly, and as also commonly happens in 
clinical practice, in those places where foreign 
materials have been left, such as Dacron in this 
case. Initially we found no morphologic differ-
ences between aneurysms treated with ASC+PF 
and those non-treated, only with PF injection. 
However, consistency at palpation is harder in 
the treated aneurysmal sac compared with the 
untreated one in the same animal; on the con-

Figure 4. A: Treated Aneurysm: x4 magnification. Hematoxylin eosin. Aneurysm case treated. Arterial wall to be 
observed in which a Dacron patch has caused an aneurysm and received stem cell injection. Presents regenera-
tive changes and mild lymphocytic inflammation. B: Figure 4A. Aneurysm control: Magnification x4. Hematoxylin 
eosin. Arterial wall to be observed in which aDacron patch has caused an aneurysm without injection of stem cells. 
Presents regenerative changes and lots of lymphocytic inflammation. C: Inflammation control: x40 magnification. 
Hematoxylin eosin. Lymphocytic inflammation was observed in the arterial wall. It counts 420 lymphocytes per high 
power field magnification x40. D: Inflammation treated: x40 magnification. Hematoxylin eosin. It is observed in the 
arterial wall of a case treated with stem cells, and spindle cell reparative lymphocytic inflammation lesser extent 
than the control case (70 linphocites by HPF x40).
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trary, the untreated one has a more elastic con-
sistency. This major difference in consistency 
makes us think that in the future we must 
design specific studies to analyze it, as it could 
be a direct consequence of the higher and 
lower stabilization of the aneurysmal sac 
(Figure 3).

Surgical results 

The surgical technique we have described is 
reproducible and similar to those conducted in 
common clinical practice. During the interven-
tion, we encountered no anaesthetic difficul-
ties, bleeding was minimal, and the most 
important thing was the lack of complications. 
Therefore, we can claim that this surgical tech-
nique presented is safe and reproducible. We 
recommend performing a small cystostomy 
with a conventional Foley catheter at the begin-
ning of the intervention, in order to facilitate 
surgical area exposure and being able to mea-
sure diuresis during surgery avoiding the need 
of catheter devices adapted to the size and 
anatomy of the animal. Making a Dacron access 
for endovascular devices does not increase 
surgical time to a great extent, and then allows 
fast access and is very safe for the animal, 
therefore minimizing the potential damage 
caused by endovascular devices designed for 
an adult man’s size on the arterial tree of a 
smaller experimentation animal, and at the 

same time allowing the experimentation model 
to be quite similar to common clinical practice 
in the endovascular section.

Histological results

Cross-section samples analyzed with the hema-
toxylin eosin technique show the lymphocytic 
infiltrate associated with fibrin sealant already 
seen in other studies. Histological cross-sec-
tion samples of cases treated with MSC and 
analyzed by a blind researcher present a lower 
inflammation reaction, or with longer evolution 
time, than in controls (Figure 4).

Immunofluorescence studies have detected 
cells marked with GFP up to three weeks after 
the initial procedure (Figure 5). We haven’t 
found a positive immunofluorescence beyond 
this period, but in these cases we have noticed, 
through hematoxylin eosin staining, a fusiform 
disposition of aneurysmal sac cells in the circu-
lar direction of the vessel section which resem-
bles the adjacent median layer (Figure 6).

Discussion

A lower perioperative morbimortality has been 
established for endovascular treatment not 
requiring such a major surgical aggression as 
conventional surgery, or aortic clamping; it also 
entails a shorter hospital stay and better toler-

Figure 5. Immunofluorescence have detected cells marked with GFP (eliminate) to three weeks after the initial pro-
cedure. Section A: x 4; B: x 20.
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ability by the patient. This advantage by endo-
vascular treatment seems to be diminishing 
during these patients’ follow-up period, with a 
higher readmission rate for new complementa-
ry treatments in the endovascular group due to 
leaks.

There has been research in terms of the likeli-
hood of improving the endovascular results. 
One of these lines of research has involved fill-
ing the treated aneurysm sac with various sub-
stances through endoprosthesis, thus avoiding 
those complications derived from the so-called 
aneurysm sac remodeling along time, which 
occasionally may cause changes in the position 
of the prosthesis, or even structural changes 
which cause leaks to appear, with the conse-
quent risk of growth and rupture.

Adipose-Derived Mesenchymal Stem Cells 
(ASC, Adipose Stem Cells) have shown impor-
tant immunological, antiinflammatory and 
regenerative properties. We consider that all 
these properties make them an ideal type of 
cell for AAA treatment. The idea of modulating 
this inflammatory response in situ, through 
stem cells which release immunomodulating 
substances, leads us to think that maybe the 
process might not be reversed but controlled 
once the aneurysm is endovascularly treated, 
thus improving the long-term results for this 
treatment. 

We are not able to know whether inserted cells 
are able to divide and perpetuate in this niche, 

but we do know that their feasibility is possible, 
and therefore it seems sensible to think that 
their functionality and division ability will be 
possible too. We have not been able to confirm 
whether stem cells have migrated to tunica 
media with those marking techniques used, but 
we cannot find any other explanation for the 
cell fusiform disposition only found in treated 
cases; this could point to a possible differentia-
tion of implanted cells.

Currently, the role of stem cells in angiogenesis 
and in tissue repair and inflammation seems 
increasingly clear. Many clinical trials intend to 
make use of the repairing and pro-angiogenic 
properties that these cells seem to have, at 
myocardial as well as peripheral arterial level, 
focusing on cardiovascular conditions, but their 
ways of administration are not clear. Our paper, 
based on an easy and reproducible animal 
model, shows that local administration in the 
aneurismal sac is possible, in some cases with 
the assistance of endovascular techniques.

We think that this modulating response can be 
equally interesting and applicable for treatment 
of the other patient group with severe arterio-
sclerosis, who develop aneurysms. In the same 
way as there is a new vessel formation response 
to ischemia, after the stimulus of a sick arterial 
wall there can be a process modulation, by act-
ing as inflammatory response modulators and 
stabilizing the thrombus. This hypothesis, 
added to endovascular treatment which sup-
presses the hemodynamic stimulus, might opti-
mize the final result, improving the endovascu-
lar treatment results.

As far as we know, this is the first time that 
intravascular as well as localized stem cell 
administration is used in an experimental 
model, through an intraluminal device, in a liv-
ing being.
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