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Abstract
Introduction

Abdominal aortic aneurysm (AAA) is a prevalent dise affecting around 5% of the
population over 65 years of age. The exact etiokgy physiopathology of AAA still
raises questions and elective surgery is currenéyonly treatment option for this
often progressive disease. In this study we hymitled and tested a
pathophysiological model that depicts AAA as ataimimation triggered
autoimmune disease with remnant vessel wall pefriadgnents as the antigen.

Material and methods

A pilot study with male AAA patients (n=14) and reaontrols (n=8) was conducted.
In both study groups peripheral blood monocytes@asgma were separated from
whole blood by centrifugation. An ELISpot test wesformed on cultured white
blood cells for the presence of elastin specifigmMphocytes. An ELISA test was
performed on plasma for the presence of elastioifspégG molecules.

Results

ELISpot interferon-gamma secretion in AAA (7.7+£9.6&hd control (4.6£3.5%) and
ELISA anti-elastin IgG titer in AAA (77.5£17.8%) drcontrol (78.2+31.5%) were
not significantly different (p= 0.94 resp. p= 0.5Bpth results are expressed as a
percentage relative to the respective positiversaghtive control.

Conclusion
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The results of our pilot study did not indicatel@ac and invariable autoimmune

process directed against remnant elastin peptdgrfents. Further research into the
model mechanics and a possible antigen is stiksgary. In the mean time, the model
as presented here already offers a pathophysialolgaanework to further research

into the possible remnant epitope driven AAA etiplo
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abdominal aortic aneurysm, autoimmunity, elasemmant epitope

1. Introduction

Abdominal aortic aneurysm (AAA) is defined as an@imal balloon- or sac-like
dilatation in the wall of the abdominal aorta. AA®\a prevalent disease affecting on
average 5% of the population over 65 years of ageésamore prevalent in men than
in women [1, 2]. The exact etiology and physiop&ifgy of AAA still raises
questions and elective surgery is currently thg tnelatment option for this often
progressive disease to prevent fatal rupture [3}eier understanding of the
physiopathology of AAA could result in a future ni@dal therapy to slow down or
even halt AAA progression. This would be a valudbtere treatment alternative
allowing to postpone or alleviate the need for stygespecially since AAA is a
condition of the elderly population.

The possible autoimmune etiology of AAA has alrebdgn suggested [4, 5]. In this
study we hypothesized a pathophysiological modal diepicts AAA as an
inflammation triggered autoimmune disease with remiivessel wall peptide

fragments as the antigen (Figure 1: proposed phatsigogical model of AAA). We



78  then tested a part of this model in a small clingit trial with remnant aortic elastin

79 peptides as the candidate antigen.

80 Inthe proposed model a chronic process like atfudgoosis could create an

81 inflammatory environment inside the vessel walbtBases secreted by non-specific

82 immune cells such as neutrophils could degradetsiral proteins like elastin into

83 remnant elastin peptides. These remnant elastitidespare chemotactic and attract

84  more specific and non-specific immune cells todite [6,7]. Unlike intact elastin,

85 remnant elastin peptides could be endocytosed aro@gsed in dendritic cells. Next,

86  presentation of these processed remnant elasttidpepo cells of the specific

87 immune system via major histocompatibility clas@MHCII) proteins on the

88  dendritic cell surface is possible. This could teemspecific immune response to

89 remnant elastin peptides.

90 Both chemotaxis and the elastin specific immunpaase create a vicious circle of

91 localized elastin breakdown in the atherosclereticironment. The macroscopic

92 effect of this would be AAA progression.

93  The motivation for this model and the choice faséih as a candidate peptide in the

94 clinical pilot trial were based on three key eletsefirstly, the model is based on the

95 remnant-epitope-generates-autoimmunity (REGA) madet to describe the

96 physiopathology of other autoimmune diseases hieeimatoid arthritis [8] and

97  multiple sclerosis [9]. Key elements from the RE@®Adel such as the presence of

98 specific and non-specific immune cells [10], updagan of pro-inflammatory

99  cytokines [11], secretion of proteases [12, 13grad MHC class 2 expression and
100 peptide fragmentation [14, 15] have long been shiomAAA. Secondly, remnant
101 elastin peptides are auto-immunogenic in COPD pttieith emphysema in a

102  specific stage of the disease [16,17]. Auto-reacii-cells and IgG molecules, both
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specific to elastin were found in peripheral bladdhese patients. Thirdly, a rodent
model of AAA can be created using elastase to tigessel wall elastin peptides [18].
We tested a part of our hypothetical model in alsatiaical pilot trial. We assessed
the presence of elastin specific T-cells and elagiecific IgG molecules in

peripheral blood of AAA patients in comparison whtdalthy controls.

2. Materials and methods

2.1 Sudy design

We conducted a clinical pilot trial with two studyoups consisting of male AAA
patients (n=14) and male controls (n=8). The etldommittee of our center
approved this trial and an informed consent waaiobtl from every
participant. Patients and controls were matcheskeybut separated based on
other risk factors for AAA development/progressiormake the study more
sensitive for subtle differences in antibody teimmune response. Controls
were younger, had no diagnosed AAA, no clinicahsigf atherosclerosis and
were never-smokers compared to the AAA patientgréuneurysm diameter
was determined with ultrasound. Smoking statusdessrmined in pack-years.
(Table I: study group demographics). Of each piaditt, 18 ml of peripheral
blood was obtained in citrate containing blood edtibn tubes (BD

Vacutainef).

2.2 Sample cryopreservation

Because the blood sampling of all participants m@sperformed at the same moment,
the blood samples of all patients were cryopresebefore being further assayed.

The blood samples were processed in our lab withenhour, always by the same
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researcher. The blood sample tubes of a singlejamt were pooled in a 50 ml
Falcon tube (BfS) and diluted 1:1 with DPBS (Life Technologdf@sFour milliliters

of diluted blood was carefully layered on top ahBFicoll-Paque (GE Healthcdte
solution into a 15 ml Falcon tube at 19 °C. Thepstvas repeated until all the diluted
blood was layered into Ficoll-Paque containing sid&e layered blood tubes were
centrifuged for 35 minutes at 400g at 19 °C. Thmuited in a separate layering of
plasma, peripheral blood monocytes (PBMC) and feddocells. The PBMC layers
were collected and pooled into 15 ml Falcon tulssgia 1 ml pipette. This resulted
in 3 ml of PBMC suspension in each tube. PBMC weasshed by diluting each tube
to 14 ml with DPBS and centrifuging for 10 minutg640g. The resulting
supernatant was discarded and the PBMC pellet evaaspended in 10 ml of PBS.
At this moment a cell-count and cell-viability tesas performed using an improved
Neubauer counting chamber by filling it with a nuse of 10ul of the cell suspension
and 10ul of trypan blue (GibcB). The tubes were then centrifuged for 10 minutes a
4709g. The resulting supernatant was discarded ellgiwere re-suspended in freshly
prepared freezing medium containing 70% 1640-RP2Xp fetal calf serum and
10% DMSO to a cell concentration of 8x1076 per fid.minimize cell death, DMSO
was added just before freezing. Cells were pipetted2 ml cryovials, with a
maximum of 1 ml of cell-suspension in each vialeMmls were placed into a Mr.
Frosty freezing container (Nalgéheand put into a -80°C freezer for 24 hours before
being transferred to liquid nitrogen before beisgayed. The plasma after ficoll
pague centrifugation was pipetted into cryoviald atored at -80 °C.

2.3 Thawing of PBMC and plasma

When all participants' samples were obtained amwent cryopreserving, all

PBMC vials were thawed simultaneously. PBMC contgyjrvials were transferred
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from liquid nitrogen into a -80°C freezer for oneuhn. Vials were then placed into a
37°C preheated water bath until the PBMC soluti@as @imost completely thawed. A
37°C solution of complete RPMI medium with 20% fetalf serum was added
dropwise to each cyrovial until the total volumeialgd 2 ml. The content of each
cryovial was added to a 8ml containing RPMI/FCS WLfatcon tube and centrifuged
at 330g for 10 minutes. Supernatant was discardddaalls were resuspended in 6ml
of RPMI/FCS mixture. A cell-count and cell-viabylitest was performed as described
in the sample cryopreservation section above. Tulaes centrifuged for 10 minutes
at 640 g, supernatant was discarded and a solotiBRPMI/FCS containing 50 units
of penicillin per ml were added to obtain a celhcentration of 4*1076 cells per ml.
Plasma containing vials were thawed completely 374 water bath.

2.4 ELISpot

The presence of elastin specific T-cells in eagtiggpant PBMC collection was
assayed using a human interferon-gamma ELISpotkilusth 4 pre-coated plates
(Mabteclf). For each participant we used 9 wells of a 96-plake. In each well,
200.000 live cells were seeded by pipettingib6f the thawed PBMC. Three wells
were used as negative control by pipettingl%d cell medium into the corresponding
wells. Three wells were used as a positive comitygdipetting 5@l of the kit CD-3
antibody solution into the corresponding wells. @Btimulation results in a maximal
activation of T-cells, maximizing the interferonrgana secretion. The remaining
three wells were stimulated with human aortic @hgséptide solution (RY53, Elastin
Products Comparfy by pipetting 5Qul of a 30ug/ml solution into the corresponding
wells. Plates were incubated for 12 hours into @37umidified incubator containing
5% CO2. After incubation, plates were developedsaalize the amount of

interferon-gamma secretion according to the kit nanAll wells were photographed



178  using a surgical microscope (Z&issThe area of IFN-gamma secretion was

179 automatically measured and counted with the CoRloy Count tool macro plugin
180 for ImageJd.

181 25ELISA

182  The presence of elastin specific IgG moleculefiédlasma of each participant was
183  assayed using a human IgG ELISA development kiE@3BAD-6, Mabtecfl). Two
184  wells were used for the plasma of each participhmb wells were used for plasma of
185 a systemic sclerosis patient with specific elalg(d as positive control [19]. Two

186  wells were used for the negative control, theselavbe filled with DPBS instead of
187  plasma. Sixteen wells were used for making a stainclave to monitor the

188  correctness of the ELISA development process. Aeprdinding Immulon 4HBX
189  plate (Thermo Fisher Scientifirwas coated with human aortic elastin peptide (RY5
190 Elastin Products Compafyby pipetting 6Qul of DPBS containing a 26g/ml elastin
191 into the wells of each participant, positive andatese control. The plate was

192  incubated overnight at 4-8°C. After washing twicéw200ul of DPBS, the plate was
193  blocked with DPBS containing 0,05% Tween 20 an@OFCS to prevent further
194  protein binding. The plate was incubated for onertad room temperature before
195 washing each well five times with 2@0DPBS containing 0,05% Tween 20. One
196  hundred microliters of plasma, DPBS and IgG stashdatution were added to their
197  respective wells and incubated for two hours abre@emperature. All wells were

198 washed five times with 200 DPBS containing 0,05% Tween 20. 1,000f IgG

199 antibody conjugated with alkaline phosphatase wded to each well and incubated
200 for one hour at room temperature. All wells weresiaed five times with 200l

201 DPBS containing 0,05% Tween 20. One hundred miersliof para-

202  nitrophenolphosphate solution (Sigma-Aldfighvas added to each well. After thirty
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minutes the plate was read at 405 nm using a Ntahi€£X ELISA reader (Thermo

Fisher Scientifi®).

3. Results

3.1 ELISpot

The amount of interferon-gamma secretion of the BBl cultures after human
aortic elastin peptide stimulation was a measuréhi® amount of elastin specific T-
lymphocytes. The mean interferon-gamma secretidheoAAA patient group and
control group was assayed. Both results were egpdess a relative percentage with a
secretion level of zero percent corresponding éankerferon-gamma secretion of the
negative control wells. A secretion level of hurdlpercent corresponded to the
interferon-gamma secretion of the positive contrells. The mean interferon-gamma
secretion levels of the control group (7.7+£9.5% #re AAA patient group
(4.6x3.5%) were not significantly different (p =80), using a Mann Whitney U test

in SPSS (Figure 2: PBMC culture IFNsecretion).

3.2ELISA

The mean elastin specific antibody amount of thedAApatient group and the control
group was assayed. Both results were expresseceétiae percentage with a level
of zero percent corresponding to the antibody cotnagon of the negative control
wells. A level of hundred percent corresponded®antibody concentration of the
positive control. The mean elastin specific antijptaVel of the control group
(77,5+£17,8%) and the AAA patient group (78.2+31.5%8)e not significantly
different (p = 0,43), using a Mann Whitney U tasSPSS (Figure 3: anti-elastin 1gG

titer).
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4. Discussion

Based on the results of our pilot study, the validf the proposed model could not
be shown. There was no indication for an invarialé specific autoimmune
response against elastin peptides in atherosaefdtA. However, we used a small
number of participants and we only tested a spepdrt of the model in our pilot
study. Repeating the pilot study in larger patgnaups with other inclusion criteria
and/or using tissue samples instead of periphésablband other candidate peptides is
necessary before being able to (partially) acceptject the proposed model.

The clinical relevance of this study was not omlydentify a specific antigen as a
possible therapeutic target, but also to propassaale model itself. Indeed, proving
the (partial) validity of the model offers otheethpeutic targets to slow or stop the
autoimmune response by intervening with the varimeshanisms of the model [9].
The model places atherosclerosis and AAA as poimts continuous spectrum.
However, we do not state a one-to-one relationsbtpieen atherosclerosis and AAA
[20]. We hypothesized that atherosclerosis is tiggroof the aspecific chronic
inflammatory reaction that is necessary to causé Adtiation via the creation of
remnant peptide fragments. It is possible thatragerosis stimulates a pro-
inflammatory cytokine activating protein complekdithe inflammasome [21].
Inflammasome activation could result in AAA inifia [22, 23] because the delicate
balance between pro- and anti-inflammatory cytokweuld change. The disruption
of this balance is necessary in our model to i@tthe vicious process of structural
vessel wall peptide degradation. Indeed, pro-infletory cytokines such as
interleukin-PB and interferon-gamma are also key elements oREE@A model [9].

All of this can only happen if the necessary genatid environmental factors are



253  present. Therefore, it would be possible to haverseatherosclerotic lesions without
254  the occurrence of AAA initiation. It has been shaivat there is an altered expression
255  pattern of MHCII alleles in AAA compared with cools [14, 24]. It has also been
256  shown that in AAA there is an imbalance betweengaees such as matrix

257  metalloproteinase and their inhibitors, favoring\ation of these proteases [12].
258  Further research is necessary to further elucialate the genetic and environmental
259 factors necessary for AAA initiation and progressio

260

261 5. Conclusion

262  The results of our pilot study did not indicatel@ac and invariable autoimmune

263  process directed against remnant elastin peptadgrfents. However, the goal of the
264  study was not only to find a specific antigen dgbado propose a pathophysiological
265  AAA model. Further research into the model mechaaind a possible antigen is still
266  necessary. In the mean time, the model as presbatedalready offers a

267  pathophysiological framework to further researdb the possible remnant epitope
268  driven AAA etiology.

269
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Par ameter JAVAVAY Controls

Sex Male

Number (n=) 14 8

Mean age (years) 70,8 £6,5 29,4+ 3,6
Pack-years (years) 49,5+17,19 0
Aneurysm diameter (mm) 42,3+ 8,84 /

% with hypertension (%) 90 0

% with hypercholesterolemia (%) 91 0

Tablel: study group demographics




Risk factors like
smoking, fatty diet, lack
of physical exercise
and aging contribute to
the formation and
progression of
atherosclerotic plaques
in arteries like the
abdominal aorta.
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