Executive Summary:

Fighting Aneurysmal Disease (FAD, HEALTH-2008-20@p4roject aims to better understand the
mechanism of dilation remodelling in the progressad aneurysm toward rupture, from molecules
and cells, in order to develop new diagnostic dretapeutic tools in this disease, linked or not to
aging. By nature, FAD is a translational projeetrtsihg from objective interdisciplinary observatson
of aneurysms, using updated technological appreacre applying to new tools for diagnosis and
treatments. | order to progress in these ways, fided its field of investigations to aneurysms of
the aorta in human, including both aneurysms of ahdominal aorta (AAA) of atherothrombotic
origin and aneurysms of the thoracic ascendingaarAA) of non-atheromatous origin. AAAs
summarize some of the different components of athesmbotic disease progression, including
intraluminal thrombus formation and innate and aigdapimmunity, whereas TAAs retain several
aetiologies, including monogenic diseases, illusttaby Marfan syndrome in young patients,
association with bicuspid aortic valves, and degane form with aging, leading to monomorphic
pathologies: progressive dilation or acute intramhuupture (dissections). Whatever the location,
aortic aneurysmal diseases are characterized ligghytic injuries of the arterial wall, due to bpth
interactions between individual genetic backgroand environmental conditions, particularly local
hemodynamic specificities, and circulating bloodhpmnents and specific biological properties of the
arterial wall itself. These general functional geo and pathophysiological concepts lead to the
development of new diagnostic tools, including bo#w biological biomarkers of the diseases, and
new functional and molecular imaging tools. FAD veamstituted of fifteen partners distributed in
twelve EU countries, and structured in five scigntvorkpackages (WP):

1) clinical database and biological biobanking,

2) genetics and functional genomics (from gengshenotypes),

3) pathophysiology (from phenotypes to moleculdedrinants),

4) diagnosis, including biological genomic and glating biomarkers, and in vivo imaging,
5) therapeutic developments.

Each partner and each WP contributed a lot to wleeess story of FAD. Partners participated to the
constitution of diverse EU clinical subdatabased ach biological collections involving DNA and
plasma collections, but more originally, tissue astl preparations and collections. These collestio
are hosted by some partners and shared at a EU. |&iaical database generated new
epidemiological informations, including gender agp®VP1); and Genetic approaches (WP2) lead to
the discovery of new genes involved in monogenienf of TAA and in genetic susceptibility to
AAA. Functional genomic approaches lead to thealiscy of a new epigenetic phenomenon specific
to smooth muscle cells in TAAs. Pathophysiologyoitir phenotype to cell and molecular
determinants, WP3) focused on the role of IntralnahiThrombus as an active determinant of the
progression of AAAs, and of transmural convectibplasma zymogens and fibronectin modification
of expression as active determinants of TAA progjoes These determinants are directly related to
biomechanics, including biomechanics of the arteviall and hemodynamic in the aneurysmal sac.
Important progresses were also achieved in diagn®¥P4) including discovery of numerous new
circulating biomarkers of ILT proteolytic, oxidamind pro-inflammatory activities in AAA and
genomic biomarkers of TAA evolution. In parallelweontrast agents for molecular imaging of
thrombi and proteolysis have been developed agélipical level, and original clinical investigati®
was performed using functional approaches of phggeis and adventitial inflammation and AAA,
and of arterial wall motion in TAA. Lastly medicpteventive approaches and new interventional
tools have been proposed at a preclinical levduase prospective therapies in human (WP5). The
scientific and medical achievements of the FAD geand the follow-up of works initiated in FAD,




will impact both aortic aneurysms and other vascdigeases, including cerebral aneurysms, arterial
dissections, other occlusive forms of atherothramsttiseases, aortic valve pathology, etc



Project Context and Objectives:

Aneurysms of the aorta, including abdominal (AAA)dathoracic (TAA) aortic aneurysms are
important health question, in part due to the pesgive aging of the EU population.

Epidemiological and clinical context:

AAA occurs in up to 9% of adults older than 65 yeaf age, causing about 1-2% of male deaths in
Western countriesl. Early detection and electiveAA&pair represent the main aspects to limit the
mortality rate from AAA rupture. Although cost efteveness of AAA screening was shown to be

attractive2, the benefit of early detection of AAsslimited because early repair of small AAA has

been demonstrated to be inefficient and there tiently no established treatment for small AAAs3.

On the other hand, the indication for elective refmbased upon the maximal diameter of AAA

above 5 to 5.5 cm. The diameter of AAA is a surtegaarker of the growth rate that reflects the
magnitude of the degenerative process in the vasaméll and infrarenal aortic diameter is an

indicator of AAA disease, but is also an independearker of all-cause mortality, mainly related to

cardiovascular disease4. But AAA progression towangpture is not linear, but usually presents
points of acceleration which can appear at any3jnfe Conversely, aortic dilatations can remain
stable and asymptomatic for many years during wisighd patients may die of other causes. In
women, AAAs are rarer, and smaller, but represdnigher relative mortality than men7. Therefore,

if AAA dimensions are canonically used as endpofatsAAA evaluation and treatment, numerous

other biomarkers of risk, related to biologicaligties associated with AAA expansion remain to be
discovered in order to ameliorate the preventiahthe timing of interventional treatment.

In contrast prevalence of aneurysms and disseatibtie thoracic ascending aorta (TAA) is less than
AAA but is increasing due, at least partially, e taging of the population and has recently reaehed
new case incidence of 10/100 000 person-year8.clihizal epidemiology and nosology of TAA
have been recently reviewed9, 10. TAAD rupture dasortality rate of 97%, and a median survival
rate of 3 daysll. However, epidemiological dataliangéed because of the often acute nature of the
disease, the high mortality rate, and the absehee precise diagnosis. TAA prevalence increases
with aging of the population8and shares common f@skors with other common arterial diseases,
including high blood pressure, smoking, and higlysatal stress12. The clinical epidemiology of
diagnosed TAAD conforms to a trimodal Gaussiarrittistion of the disease with age, corresponding
to three classes of aetiology (monogenic, assatiaith bicuspid aortic valves, degenerative) legdin
to a common pathology of dilation and/or dissectbthe ascending aorta.

Pathological context:

AAA is a particular, specifically proteolytic anddalized form of atherothrombotic disease, initlate
by wall lipid retention, sharing the usual risk tfars with occlusive atherothrombosis: male gender,
aging, possible genetic susceptibility and dyskpiih. Aging and smoking is the major risk factor in
AAA. Among lipid markers, low HDL level is the mosensitive predictor of AAA13. This could be
related to the impact of hypercholesterolemia anitlitial step of atheroma in aorta, and to the low
levels of 1-antitrypsin conveyed by HDL in human A®. The presence of AAA in a patient is a
marker of atherothrombotic disease elsewherel5, aortic diameter a predictor of total and
cardiovascular mortalityl6. AAA is characterized dggradation of the media extracellular matrix,
the smooth muscle cell disappearance, the presdgracehronic intraluminal thrombus (ILT), and the
association with a significant adventitial reacti@n The ILT is a biologically active neo-tissue
described as a laminated structure, containingraklayers of fibrin clot, underlying a fresh, heina




and fibrin-rich luminal, and an actively fibrinolgd abluminal layer. ILT is a dynamic biological
balance between clotting at the luminal interfad wirculating blood and outward progressive lysis
providing evidence of a spatial topology of tempaents (clotting and lysis). The ILT is traversed
from the luminal to the abluminal surface by a cwmus network of canaliculi, allowing unrestricted
macro-molecular penetration18.

TAAs (ascending aorta) are pathologies involvingimyathe medial layer not related to initial
atheroma. Despite the molecular diversity of theolmgies, all forms of TAA present a common
histopathological phenotype, including localisedr&sellular matrix breakdown, smooth muscle cell
disappearance, and areas of mucoid degeneratadineto dilatation, dissections and rupture. The
presence of areas of mucoid degeneration is thenoonpathological feature of TAA, suggesting that
aneurysms and dissections are manifestations ofrenon disease of the ascending aorta leading to
two different clinical/phenotypic expressions, degieg on whether the destruction of the arterial
wall is progressive (aneurysm) or acute (dissetidreas of mucoid degeneration are characterised
by the local accumulation of modified acidic glyaosnoglycans, presence of vacuoles (usually
termed cystic degeneration, but they are not cystispppearance of smooth muscle cells, and
localized breakdown of fibrillar matrix, includinglastic and collagen fibres19. The spontaneous
appearance of medial areas of mucoid degeneratidhe ascending aorta with aging20, and the
concomitant progressive physiological enlargemédnaarta 21, could be one of the links between
aging and the development of degenerative fornTA#D. Therefore, biological events, upstream or
downstream to the formation of areas of mucoid deg#ion, are probably the driving forces for the
development and evolution of aneurysms and dissesin the ascending aorta.

Whatever localisations and aetiologies, arteridl wagradation leading to aneurysm and rupture is
mainly influenced by the physiological mass tramspmd activation of molecules, occuring mainly
by radial hydraulic conductance from the lumerhi® adventitia through the wall22.

FAD objectives:

The general translational, cognitive, technologarad medical objectives of the FAD project, were to

decipher new pathophysiological concepts in aocaii@urysmal remodeling, targeting cells and

molecules, linking genetics with aneurysmal phepes$y leading to the development of new tools for
diagnosis, prognosis and therapeutics in aneurydisabses. The project consisted of a consortium
integrating groups working on both AAA & TAA in arnge scale European collaborative research
project from Bedside to Bench and back.

FAD took into account the general priorities of e 7 of improving Health of European citizens,
including competitiveness and boosting innovatigpacities, emphasizing the translational approach
in the 3 dimensions of descriptive, objective amdjgrtive epistemology of new knowledge in the
field of aneurismal pathology, including validatiohnew therapies, and promotion of healthy ageing.

The FAD project directly addressed the 3 aspeashgphysiology, diagnostics and therapeutics,
expressed in the EU proposal HEALTH-2007-A-1.22.2Vascular remodelling in aneurysmal
disease, through the 4 workpackages 2-3-4-5, usieg WP-1 (human database) as the main
translational tool for assessing the objectivesDF#&esponds to these three aspects by focusing
specifically on expansive arterial remodelling, alwng both cell and matrix functions and
interactions; and exploring both genetic determisiamd relevant pathophysiological phenotypes of
this specific arterial wall remodelling, and thezvdloping diagnostic and therapeutic applications.




The FAD project integrated the three epistemoldgicaensions of translational research for medical
progress applied to aneurysmal pathology:

= The observation of human disease including the loggml definition of aneurysm, risk
factors, clinical epidemiology, and public healtncerns.

= The projection of the observed molecular divergity application to human aneurysms
including functional genomic approaches in vitrootigh molecular and cell biology, and in
vivo through experimental models in murine.

= The search for new diagnostic and therapeutic tartigough bedside to bench objective
research on human pathology, including: geneticloeapon of new determinants of
susceptibility to aneurysms, human tissue collegtigranscriptomic and proteomic methods
applied to human tissue and cell biology deriveanfihuman tissue.

Trandational objectivesof FAD included

= The genetic objectives to identify new susceptipijenes for TAA and AAA, and new
mutations responsible for familial forms of TAAs BR).

= The genomic objectives to rely the observed mutatito the aneurysmal phenotype at a
molecular, cellular and tissue levels (WP2).

= The first pathophysiological challenge was to resolhe question raised by the duality
between the etiological molecular diversity of TAAsd the phenotypic monomorphism of
aneurysm or dissections of the ascending aortdydimg VSMC disappearance, areas of
mucoid degeneration, and finally extracellular nxafireakdown leading to dilation and/or
intraparietal rupture (WP3).

= The second one was to further decipher the spaifmieal pathophysiology of AAA,
including the rheological mechanism of formatiortte# Intra Luminal Thrombus (ILT) and
the role of ILT in the degradation of the aorticdizg and the impact of these phenomenons
(ILT and media degradation) on the innate and @dapimmunity developed in the
adventitia (WP3).

= The search, development and validation of new ktmg biomarkers of TAA and AAA
progression towards rupture, mainly by using pnotiecapproaches (WP4).

= and of new functional and molecular imaging todispredictive value of TAA and AAA
progression (WP4).

=  The preclinical proof of concept of new medicalrdpeutic approaches in the prevention of
aneurysm development and growth and preclinicathdar new devices, biomaterials, cell
and gene therapies for interventional treatmentangurysm (WP5). This WP may open
new avenue in original clinical trials in AAA anas$sibly in TAA (clinical trials are not
included in FAD).

The achievements of these objectives was suppdyedifferent tools including human clinical
database and biological collections shared by nousepartners (WP1), by experimental models in
animals, and by further developments of know-hovhirman genetics & genomics, molecular and




cell biology, protein biochemistry and back to diegtic for validation and to therapeutics for
applications.

These tools were used in respect with ethic's coscencluding personal ethic of researchers and
medical doctors, human subject protections in nadiesearch and limitation of animal use and
animal welfare (3Rs)
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Project Results:

Fighting Aneurysmal Disease (FAD, HEALTH-2008-200%4vas a translational project, aiming to
better understand the mechanism of dilation reniodein the progression of aneurysm toward
rupture, from molecules and cells, in order to dgyenew diagnostic and therapeutic tools in this
disease, linked or not to aging.

WP1. Human clinical and biological databases

Objectives

1. To establish, a scientifically and ethically, robusU web-based database for aortic
aneurysms

2. To use the databases to describe for AAA and TAAititidence and prognosis following
diagnoses and operation of AAA and TAA.

3. To give support to clinical investigations in difat aspects of aneurismal pathology
including biomarkers in the follow-up of aneurysmogression and treatment, correlation to
functional imaging, and therapeutic trials.

4. To standardize the European methodologies
5. To exchange data and biomaterials

6. To allow progress of the other WPs: 2, 3, 4, Sulgh the use of these sample banks.

Achievements:
Creation of the FAD-database

The creation of the web based database was ipittddlayed due to summer holiday season in
Denmark. In august 2008, an airport meeting in @bpgen was held between JB Michel, Per
Eriksson and Jes Lindholt, in order to preparepih@ and discussion of the database at the Kick off
meeting in Liege in September. At that meeting, ¥heables of the database were decided and
standards for some of the key variables as aodimeter, systemic blood pressure measurement, and
ankle brachial systolic blood pressure index (ABVgre agreed together with standards for
biobanking. In addition, a none-planned addition#bdatabase was agreed upon, in order to supply
the consortium with matched controls without acatieurysms.

In October 2008, the building started in collabamratbetween Jes Lindholt, Per Erikson, and an
experienced private company serving most publipials and research institutions in Denmark due
to high quality for low costs. Ultimo November 20QBe database was ready for validation by for
some FAD members and clinicians through a demasdata(https://faddemo.opusconsult.dk), which
later worked as a training database before doinigesnto the real FAD-database (http://www.fad-
database.dk)




The database were then revised, and introducetteccGovernment Board of FAD at the Board
meeting in Paris, the 9th of January. This intraduccaused further revision, by the 27th of Japuar
the database was finished, and released for ddty &wgether with Case Report Forms (See
appendices).

The FAD Database M anagement Board.

A FAD Database Management Board consisting of gipents from all partners involved in the
database was created at the Liege meeting in todezcure ethical standards and individual partners
properties are respected, when transfer of datangnpartners are requested. The board includes
representation from project participants, a siat&st and biologist, with appropriate representatib
ethnic groups and women.

Each partner can get access to own data, but net partners' data. Only the Work package 1-leader,
Jes Lindholt, can get such access to all data &bparticipants. Requests of data from other @astn
are only executed, if accepted by this Board.

The Board members are responsible for their owa oeluding security of the anonymity of cases,
validity including that the FAD standards are fildiil, as well as the administration of users teetiyp
data. Board members and their users are givennasees and passwords by the Work package 1-
leader, Jes Lindholt, through an established amfditiconsol attached to the database.

Each partner has actually its own database, arndesdy himself or herself which ones to be allowed
access. All patients are given a database recaonth@uautomatically at entry, and a Center patient |
number is typed in - this number can be a numbechwtan be referred to the patient for follow up
etc, The local administrator can extract these they must not be transferred to other partnerss Th
is managed by computing the database not to gavéiddholt this number when he

= the only one to be allowed by the database to extiaa from other partners

= extract data from other partners, but the database record number is given. This allows the
delivering partner to identify the patient in ordemmerge other data to the extract because his
local extract includes both numbers. Consequeatipnymous data can be transferred from
partner to partner from country to country.

Consequently, the FAD database has been organiziedranet private computer connectivity within
the consortium to securely share FAD informationcawning clinical data available in the different
partner centers. The FAD database is implemented, Microsoft. NET web application running in a
standard web browser, and no installation are reduio run the application at client side. The
database behind the web application is implemeasea Microsoft SQL2005 database. The web and
database server are hosted at a secure locatitve atniversity of Aarhus in Denmark. The server
room is secured with key cards and armoured winddwe server is protected with firewall, disk
mirroring, UPS and redundant power supply. Theeseivbacked up daily and the backup is stored
off site in encrypted format.

The FAD database




The FAD database consists of 5 subdatabases, whiche more than planned initially. This fifth
subdatabase is for allowing controls to be enterld.other four is

(i) to characterise the phenotype of rapid AAA expamsiod need for repair in European of
progressive aneurysmal disease as indicated biathelevelopment of endoleaks after
endografting;

(i) to characterise the phenotype of the ultimateiteation of AAA - its rupture -

(iif) to characterise the phenotype of genetic causafiom European families with TAA and
AAA (with WP2), and to allow age and sex matchedtmus, known to be with
aneurysm.

Finally, familiar disposition for AA is well knownbut the causality is mainly unknown.
Consequently, information concerning familiar disipion is recorded in each subdatabase, so
familiar cases can easily be identified (Figure 2).

The webdatabase has it's own web site (http://wb-atabase.dk) which can be linked to from
the official web site of the FAD project (http://wwfighting-aneurysm.org), but also directly from a
personal computer. However, no one can enter withaser name and password. Using this, the user
is entering the part of the database belonginpabgpecific partner (Figure 3). Then an identtfma
number of the patient must be entered. This nurtdmates the patient's previous entries, and thus
allows follow up data to be entered. If entered tfoe first time, some baseline data are requested
including choice of one of the three groups: cdsirdAA or TAA. After this choice, baseline
variables are entered and saved or submittedbthited, the data cannot be changed. After saving o
submitting baseline data, the possibility of emgtiollow up data pops up. After saving or submgti
follow up data, a second follow up possibility ieated etc.

For practice and to experience, how it is workiaglemo database has also been created. This demo
database can be inspected at http://www.opuscodistdémo/fad and data extraction at
http://www.opusconsult.dk/demo/fad/DataExport.aspx.

Everyone can log on the demo-database. One hanttate that a case is entered. The real database
has been established at another location, andsatwéise demo was maintained after the final versio
is released the 2th of February.

In order to facilitate as smooth data collection a@ata entry, 8 case report forms have been created
concerning all parts of the database: baselinabliCRFs for all five subdatabases, and 3 follpw u
CRFs for small AAA, large AAA and AAA treated witBVAR. These CRFs have be constructed as
simple as possible with a nice lay out, in ordemike easy recording at the clinicians, and egsy ty

in by the users. In this way, data quality is ojged. The CRFs also informs of the possibilities fo
each variable, so selection can happen easilydditian, the back side of the CRF is used for more
detailed information of some variables, and relévBAD standards. An example is shown in
Appendix 1, but all are available at the FAD inegtin

Consequently, the five FAD databases are now usdaldupport clinical investigations in different
aspects of aneurismal pathology including biomarkerthe follow-up of aneurysm progression and
treatment, correlation to functional imaging, ahdrapeutic trials.

Standardized European methodologies for contribut@ the clinical database, and standardized
sample banks of plasma, DNA, cells & tissue assediavith the database have been essential to

10




create in order to make it possible to merge daid hiomaterials from several partners.
Consequently, methodologies have been standardiaederning methods and intervals for AAA
population screening, techniques for provision ®ADand criteria for diagnosis and analysis of
endoleaks. Population screening are standardizembrding to current British and Danish
methodologies and this will be applied to other Bbd non-EU countries, which are starting
population screening (eg Iceland). Standards fomhierial has been formulated (Appendix 3), and
standards for reporting key variables as aneurisizal and endoleak has been proposed by relevant
experts, and agreed upon at the kick off meetingiége. For instance, the screening procedure for
AAA is: The aorta is identified by a longitudinalew, and visualised from as proximally as possible
to below the bifurcation. In case of no dilatatitime right-angled anterior-posterior (AP) diameter
measured 2 cm proximally for the bifurcation. Iregence of a localized dilatation, the right-angled
maximal anteriorposterior diameter will be measurb@jital documentation or thermo-prints are
made to demonstrate the visualised morphology ahdrevthe AAA was measured for later
reproduction, when the patients attend follow ugnsc Measurements will be performed in an inner
to inner way, from plaque to plaque, if possiblteprder to prevent variations in luminal-intramural
extramural measure points and sources of errorldrhamal source of error will be the presence of a
mural thrombus, and the extramural source willledanterior longitudinal ligament or the vertebras
themselves. All positive findings are being resethby a doctor responsible for the surveillance of
the screening. In this way the numbers of obsemudide kept at a minimum. Annual control scans
will be performed of AAAs below 5 cm in maximal Adtameter, and biannually for AAA above 5
cm in maximal AP-diameter. If the AAA exceed 5.5 dm maximal diameter, or becomes
symptomatic, referral for surgical evaluation vii# done. Performed operations including indication
will be recorded.

In addition, familial cases of AAA, defined as omemore first degree relatives with AAA, will be
recorded.

Another example is a standard systemic blood pressieasurement: An appropriate cuff size must
be chosen, as well as a calibrated automatic deAfter 5 minutes at rest in a quite room, 3 regdin

at 1 minute intervals are performed on both armhe dverage of the 2nd and 3rd measurement at the
limb with the highest pressure is noted.

A third example is determination of distal systdilood pressure: The Doppler ultrasound head is
placed over the artery, and when a sufficient digras obtained, the cuff is inflated until the sagn
disappeared. Pressure is gradually decreasedthmtiignal re-appeared. If this pressure agreeu wit
the pressure noticed during inflation, this presswas noted as the systolic pressure of the artery.
Otherwise, the procedure is repeated. The pressumeasured bilaterally in the dorsal pedal artery
and the posterior tibial artery. All measurements done twice. The average pressure of positive
measurements is recorded as the systolic anklel ldaessure. The brachial systolic blood pressure is
simultaneously with the ABP measurements.

Consequently, the essential task given to creddehtige database with associated biobanks, so data
and biomaterials can, when necessary, be mergedeaodanged between groups within the
consortium has been completed.

Today (june 2012), a total of 6404 Case Report BQi@RF) have been entered in the EU database.
The repartition between partners and subdatabaseprasented in the table (see attachement :
DOCUMENT 1)
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AAA and TAA the incidence and prognosis followinggihoses and operation of AAA and TAA

One of the aims for WP1 were to use the data froenfour subdatabases to describe the incidence
and prognosis following diagnoses and operatioA&fA and TAA. This has occurred in especially
Sweden and Denmark with these publications so far:

P4. Karolinska:

1. Larsson E, Vishnevskaya L, Kalin B, Granath we8enborg J, Hultgren R. High frequency of
thoracic aneurysms in patients with abdominal e@tieurysms. Ann Surg. 2011;253:180-4.

2. Hultgren R, Forsberg J, Alfredsson L, Swedenbdrd eander K. Regional variation in the
incidence of abdominal aortic aneurysm in Swedenl Burg. 2012;99:647-

3. Villard C, Wagséater D, Swedenborg J, ErikssorHBltgren R. 53 Biomarkers for Abdominal
Aortic Aneurysms From a Sex Perspective. Gend Meéd2 Jun 19. [Epub ahead of print]

P8. Viborg:

4.Lindholt JS, Norman PE. Meta-analysis of postapee mortality after elective repair of abdominal
aortic aneurysms detected by screening. Br J 0L May;98(5):619-22.

5.Lindholt JS, Sorensen J, Sogaard R, Henneberg EMNg-term benefit and cost-effectiveness
analysis of screening for abdominal aortic aneusyftom a randomized controlled trial. Br J Surg.
2010 Jun;97(6):826-34.

6.Lindholt JS, Norman P. Screening for abdominati@aneurysm reduces overall mortality in men.
A meta-analysis of the mid- and long-term effedtsaeening for abdominal aortic aneurysms. Eur J
Vasc Endovasc Surg. 2008 Aug;36(2):167-71.

7. Lindholt JS, Sogaard, Laustsen J. The prognosisuptured abdominal aortic aneurysms in
Denmark 1994-2008. Epidemiology 2012;4:111-3

The registries of Denmark combined with screeniatablases in Viborg have supplied data for the
most advanced health economical modeling for sangefor AAA including rescreening, recently
published in BMJ after more than two years of modgelThe extensive data used are presented in a
substantial technical report, and parts have bablighed as individual papers (ref 4, 5, 6 & 7 ajov
The model is planned so far also be used to evahaHt effectiveness of screening for AAA in Liege
(Partner 6), cost effectiveness of screening foA%é8r older woman and as a part of a PhD project of
familiar aneurysms in Denmark (see below)

8. Grondal N, Sogaard R, Henneberg EW, LindholtTi® Viborg Vascular (VIVA) screening trial
of 65-74 year old men in the central region of Darknstudy protocol. Trials. 2010 May 27;11:67.

An ongoing randomized PhD project concerning vascstreening for AAA, PAD and hypertension

Assessing family history and present medicatioa ask factor
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Another supplemental aim for WP1 was in large aam#rol studies, utilizing the Swedish and
Danish nation wide registries/ Family history.

In Sweden (P4), the nationwide registries of athaspital care (IPR=in patient registry) and the
cause of death registries will be used to iderdifypersons diagnosed with, operated for, or having
died from AAA in Sweden. For each of these casesirols are randomly selected from the
population; the controls are matched accordingrtb lgear, sex and region of residence. This deta s
will be linked to the Swedish Multigeneration regysin order to identify first-degree relatives of
cases and controls. Subsequently, these familiébeviinked to IPR and the cause of death registry
to identify family history of AAA.

Results during Jun 2008 to December 2009: All pes¢8183) born after 1932, diagnosed with AAA
between 2001 and 2005, and a random selection,883%&ge-, gender-, and region-matched controls
were included. First-degree relatives of cases aodrols were identified via the Multigeneration
Register. Family history of AAA for cases and cofgrwas assessed by linking the relatives to the
Hospital Discharge Register and Cause of DeathdRagiThe data were analyzed by conditional
logistic regression. The overall relative risk oAA associated with family history compared to no
family history was 1.9 (95% confidence interval [@L6-2.2). Comorbidities were more common
among the cases than the controls (P < .0001) Hmutrelative risks remained unchanged after
adjustment for comorbidities. Stratification forsaince or presence of comorbidities showed no
significant difference between the two groups (P29). The relative risk of AAA for first-degree
relatives was similar for women and men (P = .22Zfnder differences), ie, the relative risk of AAA
was not dependent on the gender of the index petsaconclusion, in this nationwide survey, the
relative risk of developing AAA for first-degree ladives to persons diagnosed with AAA was
approximately doubled compared to persons withamilfy history. Neither the gender of the index
person nor the first-degree relative influencedritie of AAA (partner 4, Kl, submitted).

In a second study, the role of hereditary and envirental factors to development of AAA in a large
population-based sample of twins was studied. Twed&h Twin Registry, containing data on twins
born in the country since 1886, was cross-linkethwthe Inpatient Registry, providing national
coverage of discharge diagnoses coded accordinthetdnternational Classification of Diseases
(ICD). All twins with an infrarenal AAA were iderited. Concordance rates and tetrachoric
correlations were calculated for monozygotic (MAY alizygotic (DZ) twins. Tetrachoric correlations
were calculated assuming an underlying normal ibigion of liability, with multiple factors
contributing additively and a threshold value tHegcriminates between AAA and no AAA. Higher
concordance rates and correlations of liabilityM# twins than in DZ twins suggest that genetic
factors influence disease development. Structugahton modeling techniques, Mx-analyses, were
used to estimate the contributions of genetic &fas well as shared and non-shared environmental
factors for development of AAA. There were 172890nt registered at the time of the study
including 266 twins (81% men; mean age 72 yeargyaa&8-94) with AAA. There were 7 MZ and 5
DZ concordant pairs as well as 44 MZ and 197 DZ£alidant pairs with AAA. The probandwise
concordance rates for MZ and DZ pairs were 24%4a8%, respectively. The tetrachoric correlations
were 0.71 in MZ pairs and 0.31 in DZ pairs. In #teuctural equation models, genetic effects
accounted for 70% (95% CI: 0.33-0.83), shared emvirental effects for 0% (95% CI: 0-0.27), and
non-shared environmental effects for 30% (95% C17.46) of the phenotypic variance among
twins. In conclusion, robust epidemiological evidenthat heritability contributes to aneurysm
formation is provided. Concordances and correlatiere higher in MZ compared with DZ twins,
indicating genetic effects. A heritability of 70% the total trait variance was estimated. The
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remaining variance was explained by non-sharedremviental factors with no support for a role of
shared environmental influences

1.Wahigren CM, Larsson E, Magnusson PK, Hultgrers®edenborg J. Genetic and environmental
contributions to abdominal aortic aneurysm develeptrin a twin population. J Vasc Surg. 2010
Jan;51(1):3-7; discussion 7.

2: Larsson E, Granath F, Swedenborg J, Hultgred Ropulation-based case-control study of the
familial risk of abdominal aortic aneurysm. J V&ag. 2009 Jan;49(1):47-50; discussion 51.

In Iceland (P15), generation of a population-basaeening of AAA will be initiated by high risk
screening. High risk screening will be aimed at;1a) and 2nd degree relatives of AAA patients
diagnosed individuals since 1958 b) 1st and 2ndedetelatives with PAD patients diagnosed since
1980 c) smokers d) old individuals. However, DeC@Dé&cruitment of first-degree relatives of AAA
patients and high-risk screening has been delagedoifactical reasons. The main emphasis of
deCODE was placed on new AAA samples already rextuirom the Netherlands that became
available. This allowed for faster SNP chip genotgpof new samples with the aim of identifying
earlier new AAA risk variants as outlined in WP2rénewed consent form and questionnaire for the
recruitment study has been submitted to the Icatabidethics committee. Relatives to be called in
for screening have been defined using the deCODtEajegy database and recruitment started in
January 2010 and ended in 2012. Datanalysis isioggo

In Denmark (P8), more than 25,000 men aged 65-asyad have been invited to population-based
screening for AAA, more than 18,000 attended. Atezn fulfilled a questionnaire including a family
history of AAA, risk factors, quality of life a.dn Janury 2012, a PhD project was started in orler
study the natural history of familiar AAA, and chaterize normals with positive family history. The
population based screening study will be complesmtith a population based case-control study of
more than 2,000 incidently diagnosed AAA.

RESCAN collaborators (Sweeting MJ, Thompson SGwBraC, Powell JT, Thompson SG, Powell
JT, Gotensparre S, Brown LS, Sweeting MJ, Bown MxtBn MJ, Glover M, Kim L, Greenhalgh R,
Naylor R, Hartshorne T, Fowkes FJ, Norman PE, Ra8i Ashton H, Chalmers R, Earnshaw JJ,
Wilmink AB, Scott JA, McCollum CN, Solberg S, Ouri&, Laupacis A, Vega de Ceniga M,
Holdsworth R, Karlsson L, Lindholt JS). Meta-anadysf individual patient data to examine factors
affecting growth and rupture of small abdominalti@oaneurysms. Br J Surg. 2012 May;99(5):655-
65.

Individual data were collated from 15 475 peopldermfollow-up for a small aneurysm in 18 studies.
The influence of co-variables (including demograghimedical and drug history) on aneurysm
growth and rupture rates (analysed using longiidiandom-effects modelling and survival analysis
with adjustment for aneurysm diameter) were sunmadrin an individual patient meta-analysis.

The mean aneurysm growth rate of 2.21 mm/year n@aspendent of age and sex. Growth rate was
increased in smokers (by 0.35 mm/year) and dealeaspatients with diabetes (by 0.51 mm/year).

Mean arterial pressure had no effect and antihgpsente or other cardioprotective medications had
only small, non-significant effects on aneurysmvgig consistent with the observation that calendar
year of enrollment was not associated with growatk.r
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Available biosamples associated or not with clihttztabases

As described in the grant agreement, for practéical ethical reasons, the standardized biological
collections performed by each partner were prepamed conserved by each partner. The table
represents all the biological samples availableoubh FAD partnership (see attachment
DOCUMENT 2)

These biobanking activities have included:

=  Preparation of the samples involving dissectionths arterial tissue, separation between
diseased parts and non or less diseased partsaepaof thrombi, intima, media, and
adventitia; direct freezing and secondary cryo-priation, preparation of conditioned
medium, and enzymatic digestion for preparatioprihary culture of human endothelial
cells, medial smooth muscle cells, and adventitiabblasts, and isolation of leukocytes.
This step includes quality controls of the inigaimples.

= Storage and Conservation of the samples at -80f@, specific area (Biological Resource
Center) devoted to this activity

= Cession of the samples for experimental researghittin the laboratory and between
different laboratories through the FAD partnersaiml outside. These procedures include
the signature of a Material Transfert Agreement artbclaration to the national regulatory
authorities.

Therefore access to these collections has operigdeunpportunities for translational research, due
to both, diversity in localization allowing compson of different forms and sites of aneurysms in
human, and diversity of tissue & cell preparatiioveing numerous complementary methodological
approaches: histology, biochemistry, human mesenahyand circulating cell biology, mRNA
expression, genetics & epigenetics.

Preparation, performance and use of these biobartkgrate numerous translational innovative
methods including preparation of DNA, RNA, and chatin, proteome secretion and extraction, at
both tissue and cell levels, permitting downstregmetic and epigenetic analyses.

These collections are hosted in the Biological Res® Center of the Xavier Bichat-Claude Bernard
hospital (BRC-BCB), which have been certified (AFR @ertification 2009/34457), in the Fundacion
Jimenez Diaz biobank in Madrid (Spain), and in Yfiborg Resource center in Denmark. These
biobanks and activities are integrated in natioBalbank networks, which are partners of EU
BBMRI, Biobanking and Biomolecular Resources Redednfrastructure (http://www.bbmri.eu).
BBMRI-ERIC (European Research Infrastructure Cotigor) has established a node in each EU
country supporting the infrastructure.

WP2. Geneticsand functional genomics [from genesto phenotype]
Objectives:

To explore the molecular determinants of aorti@tthh in humans through genetic and functional
genomics in both humans and mice. Specifically WieRides:

= identification of new susceptibility genes for Adehd TAA
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= identification of new mutations responsible for fiahforms of TAA
= exploring the signalopathy associated with aneugsysm

= development of animal models to study candidategéor TAA and AAA.

Genome-wide/candidate gene case-control studyetttifg new susceptibility genes for AAA.

Genetic susceptibility studies in humans necessitage cohorts of patients versus controls. Sp far
two large genome wide association studies (GWASE leeen performed on AAA, both lead by the
FAD consortium. A meta analysis using the resulthe different GWAS is currently conducted.

One of the main achievement of FAD in identifyingngtic susceptibility to AAA was made by
DeCODE (partner 15, ref. 17). Using a GWAS approackequence variant was identified within
intron 1 of the DAB2IP gene as a powerful genetarker of AAA risk. DAB2 Interacting Protein is

a member of the RAS-GTPase-activating protein famiDAB2IP suppresses cell survival and
proliferation and is expressed by vascular cebistigularly by VSMCs. The identified variant could
probably influence directly or indirectly the sural of VSMCs in response to proteolytic injury.
Partners 4 (Karolinska), 6 (Liege) and 8 (Viborljcantributed to this discovery.

- In addition, partner 15, identified two new AA/Kk variants located within the LPA gene associate
with systemic atherosclerosis and coronary athtsosec burden but not with venous
thromboembolism. These variants were identifieddubgh genotyping and testing of a set of CAD
associated SNPs on a large sample set of Europ&ancAse-control samples (Ref Helgadottir A et
al. 2012)

A second GWAS was recently conducted by partnéiodon) and the AAA Consortium. Partners 4
(Karolinska), 8 (Viborg) and 15 (DeCODE) contribdit® this discovery (ref AJHG 2011). The study
identified the low-density-lipoprotein receptoratdd protein 1 (LRP1) as a susceptibility gene for
AAA. Interestingly, LRP1 has been shown to havela m the regulation of MMP9 expression and
murine models have demonstrated that LRP1 is éabdnt the maintenance of vascular wall

integrity and that this effect is mediated via PD®Eeptor beta and Smad signaling

In the years just prior to FAD, DeCODE identifiedagus 9p21 as a susceptibility locus for AAA
development and for myocardial infarction. The ietpaf this genetic susceptibility on clinical,
molecular and intermediate phenotypes (functiorealognics) has since been investigated mainly by
the Karolinska partner (partner 4), establishinglation of this locus with arterial rigidity (re@8)
and with the expression of several genes withirldbes (ref. 14). Several studies are now in pregre
in this field of research (see the third periodipart for more details)

Identification of new mutations responsible for fiahforms of TAA

In contrast to AAAs, a significant fraction of patbgies of the ascending aorta, including aneurysms
(TAA) and dissections (TAD), are determined by &ngutations in one specific gene. Several
mutated genes have been identified as being direxgponsible for TAAD, including both syndromic
forms, of which Marfan syndrome is the most frequeand familial forms. This approach of
monogenic determinants necessitates the recruitofenformative families by clinicians. Numerous
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genes have now been identified: fibrillin (FBN1)MS& myosin (MYH11), actin (ACTA2),
TGFBReceptors, SMAD3, a glucose transporter (GLUTHic. FAD partners 3 (Gent) and 1
(Inserm) actively participated in the discoverytloése genes prior to FAD (background work). New
genes have been identified by FAD participantsuthe last four years. In particular, partner 1
(Inserm) recently identified a mutation in TGF-2rasponsible for a mild form of Marfan syndrome
(ref. 150). New informative families have been iified (ref 40), leading to the identification oéw
genes responsible for FTAA. Also partner 16 hatectéd several interesting FTAA families suitable
for gene identification. (ref 125). At this momenhole exome sequencing is performed using the
powerful Next Generation Sequencing approach, onynk& AA families collected during the FAD
project. We can assume that this will reveal inrikar future many new genes. The important added
value of all these findings clearly shows that théracellular matrix exert not only a structural
function but that besides its mechanical role iovfaing strength and support to the tissues, i als
acts as a reservoir for cytokines and growth factoiplicated in cellular proliferation, differentian,
migration and survival and therefore has an impdrtagulatory function in the development and
homeostasis of body organs and tissues. It is dlegtr these new insights open perspective to
plausible therapeutic approaches for this grouppafta related disorders as it is proposed that
treatments which decrease TGF expression, as angiatll antagonist, can attenuate of prevent the
phenotypes.

In this field of monogenic aortic disease, numerstuglies of FAD partners have been published,
exploring the genotype/phenotype relationship ieorto explain the phenotypic variability of these
monogenic forms, particularly focusing on the daliexpression of mutations and their relation to
haplo-insufficiency or dominant negative effecthe¥e studies have been published during FAD: ref
51, ref 165, ref 75, ref 9, ref 29: common semigl@gd different clinical expressions of FNB-1,
TGFR and MYH11 mutations, significance of polymdgpshs and mutations in currently known
genes, impact of facial features, CV risk in theBENmutated population, importance of associated
dissections of the descending aorta, neonatal Mayadrome. Numerous studies are progressing in
this field (for more details see the third periodiport). These studies have been mainly perfotmyed
partner 3 (U. Ghent), partner 1(Inserm Paris), @arther 5 (La Charite, Berlin).

TGF signalopathy in TAA (functional genomics)

One major question arising from genetic studiesTAA is how does the molecular diversity in
aetiology lead to aortic aneurysms and/or dissestighich are all very similar histopathologically.
Rapidly it appeared that although diverse mutationsTGF-pathways were important genetic
determinants of monogenic forms of TAA, mutationsrevnot limited to this pathway (MYH11,
GIUT10, ACTA2), and that changes in expression GF1&#223; molecules, mainly Smad2, were
common to all forms of TAA, including forms not geitally detemined.

Alternatively spliced extra domain A (EDA) of filmectin plays an essential role in tissue repair
under the control of the TGF signaling pathway.tiRar 4 (KI) has analyzed the expression of
fibronectin spliceforms in dilated and non-dilatedcending aorta of tricuspid (TAV) and BAV
patients. EDA expression was increased in diladaafrom TAV patients compared with non-
dilated aorta. In contrast, EDA expression wasimateased in dilated aorta from BAV patients. The
expression of EDA correlated with maximum aortiandeter in TAV but not in BAV patients. TGF
treatment influenced the splicing of FN and enhdntiee formation of EDA-containing FN in
cultured medial VSMCs from TAV patients but notMSMCs derived from BAV patients. Gene set
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enrichment analysis suggested that differencesGifr Bignaling may explain the impaired EDA
splicing in BAV patients (Partner 4).

Partner 1 (Inserm Paris) has investigated the Bigngathway of TGF 1 and its intracellular
mediators, the Smad family, in genetic and non-tle@eurysms of the ascending aorta (ref). A first
study demonstrated dissociation between TGF andd3naamd a second showed an epigenetic
regulation of Smad2 constitutive overexpressionVlBMCs of aneurysmal wall. The study was
performed on human thoracic aneurysms and normdhsaaising both medial tissue extracts and
primary cultures of SMCs. It was shown that therease in histone acetylation (H3K9/14ac) is
specifically localized on the Smad2 promoter upstreto its first Transcription Start Site. The
acetylation process is associated with an increastistone Acetyl Transferase (HAT) activity, an
opening of the chromatin and the binding of newdtaiption factors. Partner 1 will further explore
the molecular mechanism regulating this overexprasslownstream to the histone acetylation, and
the consequences of this up-regulation on protaagpfotease expression in TAA and dissections.
These studies, demonstrating for the first timpecHic epigenetic regulation, profoundly modifying
the pattern of VSMC gene expression and therebgdhetitutive phenotype of the VSMCs, open up
new perspectives in the understanding of VSMC gl in human vascular diseases.

Functional genomics in transgenic mice

Work involving transgenic mice and zebrafish ha® dleen initiated by different FAD partners. The
studies of animal models with aortic abonormaliseggested an important role for TGFBeta in the
pathogenesis of those disorders. Fbnl deficiene mie well as the Slc2alO deficient zebrafish,
revealing the arterial tortuosity phenotype, shoveagh a clear aberrant TGFBeta signalling. To
further explore the relationship between the upl@wn regulation of TGFBeta and the phenotypical
characteristics of the disorders partner 3 developegfbrl knock-in mouse model as well as a
transgenic mice for the vascular type of EDS. Thiter model spontaneously developed at two
months open wounds starting in the shoulder areapanetrating skin and subdermal tissue. These
skin lesions evolve fast and also fragility of taeerial vessels is noticed. Partner 3 also knocked
down the slc2al0 gene in zebrafish to further ingasted the pathogenic mechanisms causing arterial
tortuosity. (Ref. Willaert et al. HMG, 2011).Pantriedeveloped a different Col3al transgenic knock-
out mice model (Ehler-Danlos) in order to study #ascular phenotype. At the same time partner 1
developed a myhll mouse model. These transgengsieaghes were initiated during FAD, and
mechanical, functional and clinical studies areenity underway.

WP3. Pathophysiology [from phenotype to molecular deter minants]

Objectives:

To explore molecular and biomechanical determinaiftgortic dilation and rupture in order to
identify new targets for diagnosis and treatmentAfA and AAA. WP 3 includes:

1) Identification of new molecular and cellular tagdieyond proteases in TAA and AAA,
focusing on the involvement of mucoid degeneraiipAA and on the luminal thrombus as
a conveyor of protease activities, pro-inflammategdiators and neo-antigens in AAA.
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2) The inflammatory response to proteolytic injuryAAA, in impeding cellular mechanisms of
aneurysmal wall repair, will be explored in thisitext.

3) The role of cell signaling in the susceptibility #8AA development and ultimate rupture, and
the role of elastin derived peptides in inflammatiangiogenesis and calcification, will be
elucidated by transgenic approaches in mice.

Outward convection and activation of blood-bornet@ases in aneurysmal wall.

Since the contention of the pressurized blood withe arterial conduct is the fact of the insoluble
extracellular matrix, synthetized by the VSMC, tida and finally rupture of the wall is always the
fact of proteolytic degradation of the insolubldragellular matrix. In parallel, molecular transpor
within the arterial wall is mainly the fact of tleitward radial hydraulic conductance, generated by
blood pressure through the wall (background). Thainmachievements of FAD in the
pathophysiology of aortic wall dilation and finallpupture focused on the spatio-temporal
mechanisms of plasma-borne zymogens, transporntedgh and activated within the aortic wall and
consequences for the matrix, the VSMC, and the rddia inflammatory response. This
pathophysiological concept of aneurysmal pathologlatever the localization and the aetiology
(atheromatous versus non-atheroma, aneurysm velisgsction, thoracic aorta versus abdominal
aorta, or other localizations) open new avenuesbfdter understanding vascular pathology.(see
attachment DOCUMENT 3)

AAA is a specific proteolytic form of atherothronmdis in human. During FAD the partners focused
on the spatio-temporal role of intraluminal thromb{iILT) as a main source of proteolytic and
oxidative activities, linked to both release of gases and agglutination of Red Blood Cells (RBC)
(figure above: oxidative activity revealed by Pedaction and Diaminobenzidine precipitation in the
most luminal layer of ILT). In background, FAD pagts developed the concept that ILT was a main
determinant of AAA progression, due to its abitiblygenerate proteases (MMPs and serine-proteases)
(partner 6 & 1), and therefore is associated witbhrendegradation of the media and more
inflammation in the adventitia (partner 4).

During the FAD period this concept was further stigated focused on the role of ILT as the site of
neutrophil retention, and death and leukocyte jps#e release. Partner 10 quantitatively described
the leukocyte and the fibrinolytic system in ILTdeAAA wall. Partner 1 and 4 demonstrated that ILT
is the main source of chemotactic mediators fortnophils: Leukotriene B4, Leukotriene C4,
interleukin 8 and Rantes (human and experimentaletsd. They also identified the luminal layer,
interfacing with circulating blood elements as thain source of soluble proteases in ILT, and the
release of ADAM-rich microparticles by the abluniteyer as another source of proteases (partner
4). Moreover the progression of AAA toward ruptisestaccato (background partner 6). In order to
explain this random risk of less or more active goession of AAA, we hypothesized that a
preferential trapping of weak pathogens within HHE could be a transitory event capable to enhance
neutrophil chemo-attraction and retention. We destrated that Porphyromonas gingivalis (Pg), a
weak pathogen of periodontal origin, is frequemigsent in ILT of human patients, enhancing the
retention and activation of neutrophils, and tlegerated iv injections of Pg in experimental moodéls
AAA in rats, prevented the spontaneous healindhefrhodel, due to the accumulation of neutrophils
in ILT and the impairment of mesenchymal cell recdtation. In agreement, the circulating level of
progenitor cells was modified in AAA patients (paats 2 & 9 not yet published).
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We also developed the concept that ILT is an ingmtrsource of oxidative activities due to the
release of haemoglobin, including the haeme resaghgethe globin protein core. We identified globin
as a substrate for proteolysis by cathepsin G amdirh as a powerful catalyser of peroxidase
activities, compensated by anti oxidant moleculashsas peroxiredoxin, thioredoxin, CD163
scavenger receptor of haemoglobin/haptoglobin cergd (partner 7). Both proteolysis and oxidation
could generate soluble neo-antigens, which couldue/ardly convected, participating to adaptive
immune responses taking place in the adventitia.

Similarly in TAA, the proteolytic injury of the atial wall, come at least in part, from convectzm
activation of blood borne zymogens through theiaonedia. In a first step we identified prothrombin
activation in TAA wall (partner 1, background). Wientified MMP-3 and MMP-7 as matrix metallo
proteinases retained in areas of mucoid degeneyatial the convection and pericellular activatibn o
plasminogen by VSMC t-PA on the circumference esthareas. This point is particularly important
because generated plasmin is able to provoke SNHEZli@ent and death, to activate MMP preforms,
and to release TGF-beta from its extracellular mattorage (LTBP associated with Fibrillin and
Fibronectin). In this concept, mutations of germeslved or not in the TGF pathway signalling and
hemorheological disturbance enhance the blood-b@na¢eolytic injuries or decrease the wall
resistance to injury by accelerating VSMC death.

Medial and adventitial responses

In TAA, partner 4 established the differential pattof gene expression in the media associated with
bicuspid or tricuspid aortic wall. A set of immuresponse genes was specifically identified in TAA
of tricuspid valves, but not in TAA with bicuspidguggesting a more important stimulation of
inflammatory response in the former. Similarly thegttern of MMPs expression was established in
TAA wall, comparing bicuspidy and tricuspidy, ankdoging an overexpression of MMP-14 and
MMP-19 in dilated aortas. MMP-3 and MMP-7 mRNA weat detected, confirming plasma as their
main source. In parallel partner 1 showed an egiiemodification of expression pattern in VSMC
of TAA (see WP2). The consequences of this epigemegulation of Smad2 expression on target
genes, including proteolytic and antiproteolytierfsns) effectors, extracellular matrix proteinse a
explored in aneurysms and dissection of the asngrabirta.

In AAA, partner 4 established early that the AAAll@vered by a thick ILT shows more signs of
matrix degradation compared to the wall free frdoi (background). The FAD partners tried to
establish a spatio-temporal relationship betweeat\mlappened in the ILT and its consequences on
the wall, in media and adventitia, sites of the m@ response associated with AAA. Partner 4 and 8
focused part of their work on the mast cell respoimshuman tissue as in experimental models in
mice. The necessary relation between mast cellrmodangiogenesis and the release of mast cell
proteases (tryptase, chymase, cathepsins) werbliss&d. In parallel different products of wall
degradation were tested for their ability to prawokflammation. Partner 5 established that human
elastin degradation products are chemotactic faropbages in vitro. Numerous B cell follicles are
detected in the adventitia of AAAs, which are albbfesm normal aortas. Partner 1 established that
immunoglobulins released by adventitial tertiarymphoid organs (ATLO) of AAA are
immunoreactive to proteins/peptides liberated by.IAmong the recognized peptides, a 2884 Da
peptide was identified by mass spectrometry, regulirom the degradation of fibrin by plasmin.
Oxidized or proteolyzed Hb was also strongly redogph by AAA adventitial 1g. In collaboration
with partner 13 (PhL) and partner 14 (TG), the dtgwment of a specific assay of this peptide was

20




initiated. Unfortunately all the produced antibadiecognized the peptide but also free haemoglobin,
limiting the interest of the assay.

Biomechanics of aortic aneurysm

In-vitro biomechanical testing of aneurysm tissuenf open surgical repair provided novel
biomechanical information of the aneurysm wall asllvas the intra-luminal thrombus. This is
essential data for reliable organ-level biomechangimulations with specific importance for the
biomechanical AAA rupture risk assessment. Theelgrgol of CT-A data available through the FAD
consortium allowed a direct clinical interpretatiof biomechanical computed indices, as it is
important to integrate biomechanical simulationgha clinical decision making process. Polarized
light microscopy of wall samples from open aneuryspair provided novel data of the collagen
organization in the AAA wall. This information isohonly important for a qualitative understanding
of the AAA wall but also critical input for multiesale histomechanical constitutive models. Here, the
integration of histology and biomechanics providadbasic understanding of load carrying
mechanisms of the AAA wall. Hemodynamic simulatiafghe blood flow through the normal and
the aneurysmal aorta showed significant differenegsch motivated a novel hypothesis for intra-
luminal thrombus development in the AAA. Integragtthe coagulation cascade in the analysis further
reinforced this hypothesis. The outcome could paitiy help to design therapies for a conservative
treatment of AAAs. Based on follow-up CT-A data phtients with small AAAs their three-
dimensional development was studied. The colleatégkmation suggested that AAAs should be
monitored all over the aneurysmatic sac in ordedémtify the site of faster diameter growth. This
information could essentially improve monitoringofwcols for small aneurysms and towards
avoiding expansion-related ruptures. In additidme tollected information is the basis for the
development of aneurysm expansion models, whiclhdciomther improve the surveillance of small
AAAs

WP4. Diagnosis

Objectives of this WP4 are to translate WP2 & 3iagnostic tools for human aneurysms, using
specific new technologies, including proteomics andvivo imaging technologies involving
functional and molecular imaging as intermediargmitypes in TAA and AAA pathologies. WP4
also involve discovery of new tracers for molecutaaging, establishment of proof of concept at a
preclinical level, and initiation of clinical invégations.

Plasma biomarkers in AAA.

Numerous circulating biomarkers of AAA were ideigif by the partners as background of FAD:
MMP-9 (partner 6), fibrinolyic signal (partner 8afelet activation (partner 1), interleukins (partn
10). In particular, partner 7 identified IGFBP-1 ascirculating biomarker, released by ILT, and
associated with AAA size. Studies exploring theueabf these biomarkers were performed in larger
cohorts. Other pathophysiological biomarkers weéseavered in FAD, such as circulating free DNA
(partner 1) or NGAL (partner 7) as markers of nepitil activation, and anti-Pg antibody titration as
marker of periodontal infection associated with AA¥olution (partner 1).
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Numerous partners of FAD (p1, p2, p4, p7, p8, jpll4) initiated researches in proteomic in order to
characterize proteins release by AAA, and explotimgr potential use as circulating biomarkers.
Numerous and diverse data were obtained and sawetAbdological progress were done, including
exploration of the deep proteome, using Proteoringandom peptide library), multiplex immune
analysis, PACIFIC, TOF-SIMS (ex vivo molecular inrag), metabolomics and other technologies.
Such approaches have also a pathophysiologicaksiigoromoting conceptual implementation of the
different parameters involved in the progressiorthef disease. Among the most relevant data, the
identification of plasma biomarkers of oxidationassociation with AAA was initiated and developed
during FAD. Partner 6 (Ulg) identified an increasecirculating oxidant state in association with
AAA. Partner 7 (UAM) identified by proteomics of TLseveral anti-oxidants such thioredoxin and
peroxiredoxin as biomarkers associated to the respdo oxidative stress. This oxidative state is
mainly the fact of Red Blood Cell retention and rhaerelease in the ILT. A more complete analysis
of the redox state and iron metabolism is in pregigetween partners. Partner 7 (UAM) also initiated
the first metabolomics studies in AAA. These apphas linked the diagnosis (WP4) to the
pathophysiology (WP3)

Circulating cell biomarkers, progenitors & leukoeyt

Partners 7 (UAM) and 1 (INSERM) discovered diffdighexpression of a number of redox proteins
in circulating neutrophils and in the membraneesf blood cells of AAA patients, and are currently
pursuing validation of these in larger cohorts. Agdhese proteins, catalase and peroxiredoxin were
decreased in both cell types, with a concomitamte@ase in prooxidant factors suggesting the
involvement of oxidative stress in AAA pathogeneSisnilarly, partner 1bis performed a profiling of
macrophages from AAA (Lamblin N, Ratajczak P, HqgtMDubois E, Chwastyniak M, Beseme O,
Drobecq H, Lemoine Y, Koussa M, Amouyel P, PinePFofile of macrophages in human abdominal
aortic aneurysms: a transcriptomic, proteomic, antibody protein array study. J Proteome Res.
2010 Jul 2;9(7):3720-9). In parallel circulatingogenitors were identified and characterized in
association with AAA (partner 2, St Georges Hogdpitand partner 9, CNRS). Circulating
microparticles of platelet and neutrophil originrev@lso identified in association with AAA.

Functional hemodynamic imaging in TAA.

Beside the usual morphological measurements ofrgsmal dimension (maximal diameter, length,
etc.) and the presence of ILT in AAA, FAD developsdveral new approaches including
measurement of aortic rigidity in TAA, using ultcasmd and now Magnetic Resonance Imaging
(MRI). In particular partner 12 (AMC) developedghimaging technology. MRI also can image non-
laminar flow in aneurysm, allowing a more precisalgsis of recirculation and vortex phenomenon
associated with initiation and progression of @odilation. This technology is not yet proposed in
TAA due to the complexity of the software and thraet of calculation. These approaches link the
diagnosis (WP4) to biomechanics (WP3)

Iron traffic in AAA
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Since iron gives a powerful negative signal in MRiis technology allowed us to explore the
spontaneous presence of iron in AAA, in ILT andlwahd the ability of phagocytes present in ILT to
uptake exogenous, intravenously injected, Smathiagnetic Iron Oxide (SPIO) particles (partner 6
Ulg and 1 Inserm). This data are important sineg tlemonstrate the ability of MRI to image in vivo
in human (WP4) the involvement of iron, and doweetn of oxidation in the pathophysiology of
AAA (WP3). Nevertheless the data also raised thestion of the sensitivity of MRI to detect

molecular events.

PETscan and aneurysm progression.

Partner 6, ULg, was the first to show that 18F-D&alxicose uptake, detected by Positron Emission
Tomography coupled with Computed Tomography scax) f@r morphology (18FDG PET/CT)
could be used as prognosis marker in aneurysmedsis(background). During FAD, ULg constituted
an important series of 711 18FDG PET/CTscan ir2i® gatients presenting aortic diseases, including
AAA (n= 301) with or without EVAR, dissections (n5Rof the descending aorta, TAA (n=66) and
Aortitis (n=36). The results concerning TAA are niginegative, except rare exceptions, probably,
due to the absence of adventitial inflammatory giama in association with TAA. These negative
data suggest that TAA do not generate importanemwiihal immune response. In contrast, data
concerning AAA and dissection are particularly red interesting. In parallel to PET a biological
database (plasma and DNA samples) was constitaganarphology was accessible by the CT data.
This triple approach: PET showing localized spdthigh 18FDG uptake (high cellular metabolism),
associated with CT allowing dimensions measuremants morphology classification, and biology
offer an unique opportunity to link the evolutiohameurysmal dilation (CT) to cell function imaging
(PET) and biology. Usually the hot spots of 18F[2&etplace in the external part of the aortic wall.
The exploitation of this triple database is hovpingress.

In a first study the relationship between 18FDGakpt and localized cellular and molecular
alterations was established, suggesting a predictaue of rupture risk in AAA. Taken the
opportunity of Open Vascular Aneurysm Repair bygsty, 18FDG PET/CT was performed in AAA
patients before surgery and specific biopsies effibt spots were performed during surgery. The
relationship of hot spots of FDG uptake to presesfcenmune granuloma in the adventitia, and to
high expression of MMPs in the wall, was establis(eticle submitted to publication).

In a second study the prognostic value of FDG PBSitpity in the aneurysmal evolution of
dissection of the descending aorta was establishiest the relation of aneurysmal evolution of
dissections to partial thrombosed false lumen wasfiened (as compared to patent and totally
occluded false lumen). Aneurysmal progression (tmoigmy) is related to FDG PET positivity, and
to more active intraluminal thrombus as demondtrbteand elevation of coagulation and fibrinolysis
biomarkers. Aortic dimensions measured on CT wereetated with 18FDG Standardized Uptake
Values measured on PET, and coagulation and filysisobiomarkers. Moreover in the follow-up of
a patient, PET positivity was related to aneurysmpadgression and clinical and biological
coagulopathy of consumption. All of these markeeseweversed by successful EVAR. These data
demonstrate a direct link between aneurysmal peigesILT biological activities and its impact on
PET positivity in the adventitia (article in prepton).
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Similarly this database is now used for testing #indity of 18FDG PET to follow endoleak's
evolution in AAA treated by EVAR (in progress). Ttatal AAA cohort will be also exploited (PET,
CT and biology).

This FAD achievement is particularly original, tstational and transversal, establishing important
link between morphology, cellular imaging, and bmgital activities associated with aneurismal
progression.

Development of new molecular tracers targetingaliuminal thrombi (partnerl)
Preclinical proof of concept that 99mTc-Fucoidamges intraluminal thrombi

P-selectin expression is involved in the pathopilggly of biologically active arterial thrombus, and
endothelial activation following transient ischengicent. Fucoidan is a polysaccharidic ligand of P-
selectin with a nanomolar affinity (background). FAD we have proposed a new approach of P-
selectin molecular imaging based on radiolabelediflan. Two kinds of experimental models were
selected to evaluate the ability of radiolabelecbfdan to detect P-selectin expression: platetdt-ri
arterial thrombi (arterial mural thrombus in expaental aneurysm), and myocardial ischemia-
reperfusion. These two settings were chosen beddeyewere clinically relevant, and both were
associated with an important overexpression ofefgatand endothelial P-selectin, respectively.
Radiolabeled fucoidan SPECT was able (a) to défecpresence of platelet-rich arterial thrombi in
all animals, with a median target to backgroundbraf 3.6 in mural aneurysmal thrombus (b) to
detect a persistent endothelial activation 2 haftex reperfusion; in this latter model the magtétu

of the signal was correlated with the extent of oaydium that underwent transient ischemia. The
sensitivity of selectivity of the uptake and retentof 99mTc-fucoidan in both settings was excéllen
This study supports 99mTc-fucoidan as a relevamiging agent for in vivo detection of biological
activities associated with P-selectin overexpresssoich as arterial thrombus and ischemic memory.
Given the previously reported wide availabilityaatow cost, and its low toxicity, fucoidan seems to
overcome some of the limitations of previous Pd@letargeted imaging agents. This approach has
been patented by partner 1: WO 2010/116209 Al: iBaos as ligands for the diagnosis of
degenerative pathologies, published 14 october 28&8nded to USA 02970-24565US02, January 9,
2012; and published (J Nucl Med 2011).

This approach is now extended to Magnetic Resondmagging modality using Fucoidan as
pharmacophore for intraluminal thrombi and Ultra &imParamagnetic Iron Oxide (USPIO) as
contrastophore for MRI.

We project to develop these imaging programs indnuriVe will first begin with (99m)Tc annexinV
a high affinity pharmacophore for activated platelgow available for injection in human. This
clinical investigation will start in the near fusunWe will continue with Fucoidan.

Development of new molecular tracers targetinggase activities (partner 13 and partnerl)

Serine proteases hold a central role in the payysiplogy of degenerative arterial diseases, but to
date there is no suitable agent for molecular imggiThe project was designed to (1) develop a
radiolabeled peptide probe for serine proteasegiimgaincluding plasmin and leukocyte elastase,
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and (2) evaluate these new agents in vivo in antdeodel of arterial thrombus, including
experimental aneurysms.

A plasmin pseudo-substrate of high affinity (D-\Rihe-Lys; IC50 : 100 pM) was combined with
chloromethyl-ketone for covalent binding to thegetr and with diethylene triamine pentaacetic acid
via a glycine spacer for pertechnetate labeling ifhaging efficiency of this low molecular weight
probe for plasmin (VFK, MW: 971 Da) was assessed rat model of mural thrombus in abdominal
aortic aneurysm. In vivo imaging was performed BBEET and uptake ratios (UR) were quantified
by autoradiography.

VFK demonstrated a labeling efficiency of 90%. Afigjection, the labeled peptide was rapidly
cleared from the blood via kidneys. Two hours afitgection, an infrarenal focal uptake was
detectable in all animals (n=6) and the UR on adimgraphy was 7.6+3.3. In two additional rats, the
pre-injection of unlabeled VFK (20 times the radimled mass) resulted in a fivefold decrease of the
UR compared to animals without pre-injection (1.2:0p0=0.03). The UR obtained in the same
settings with a protein inhibitor of serine proteagradiolabeled Aprotinin, MW: 6.5 kDa) was
5.0+0.9 (p=0.03 vs. VFK).

These results support the ability of radiolabeldek\o detect plasmin within arterial thrombus. The
rapid blood clearance of the tracer is suited foading in vascular diseases. A similar approach is
now developed for targeting leukocyte elastases ™dpproach was patented by partner 13 & 1
(AGENTS FOR THE MOLECULAR IMAGING OF SERINE-PROTEAS IN HUMAN
PATHOLOGIES, EP11305405, 07april 2011, MICHELO0961C2) Article submitted for publication)

WP5. Therapeutics

Objectives.

To the validate current treatment and new therdgegeun human aneurismal diseases. WP5 will
develop clinical investigations in patients andcfirécal testing in experimental models.

This program includes:

1. An evaluation of medical prevention of aneurysmealepment and progression by existing
medications,

2. The development of curative cell and bio-enginedhetapeutics at a preclinical level and
further extension to human,

3. Further development of new therapeutic strategies.

Medical prevention of aneurysm development and qassjon (preclinical)

Since there is no specific treatment able to cotajylerevent or inhibit progression of aneurysne th
FAD WP5 explored new medical therapeutic approacitea preclinical level. First, since WP3
demonstrated that ILT is one of the main drivingcés for AAA progression, the ability of inhibition
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of platelet aggregation to limit experimental andinical progression of AAA was tested.
Experimentally platelet inhibition prevented AAAw@opment in an experimental model in rats. This
result was retrospectively confirmed in human. €fae, inhibition of platelet aggregation could be
recommended in patients with small aneurysms, éwgmtion of growth (Partner 1 and 8). In parallel
treatments able to impair the retention of neutilsphn ILT or antibiotics, which treated bacterial
contamination, were also tested with success irerax@ntal models. Evaluation of AZD 9668, a
powerful inhibitor of leukocyte elastase is undeygress.

Important preclinical studies have been done shgwhe ability of therapeutic HDL to prevent
development of aneurysm in mice and rats, by diffeproperties, not directly linked to their alyilit
to reversely transport cholesterol (antiproteasdi;iaflammatory activities, endothelial protectjon
(Partner 1 and 2).

The effect of blockade of the angiotensin systers alao experimentally explored in animal (partner
1), and clinical trials with angiotensin Il antaggis are in progress in patients with Marfan synuo

in order to prevent TAA development and dissec{jgertner 1 & 3). In parallel antibodies blocking

elastin degradation products and/or indomethacirewested in experimental models of Marfan in
mice (partner 5).

Finally, cyclosporine, a compound able to promo@FTexpression and signalling was also tested
with success in experimental models (partner 9)ranvd a clinical trial is initiated (partner 9).

Novel interventional curative therapeutics throggh seeding, gene therapy and biomaterials

Several new models of aneurysms have been devethpedy FAD for evaluating new interventional
therapeutics. These models are transposition ebiclal model (elastase, decellularized xenograt) to
large animals than mice and rats, including rahbd pigs (partner 1, 9 & 10). A model of EVAR is
developed in rats (partner 1). These models weeel digr testing cell seeding as interventional
therapeutic approach in aneurysm, and for develppiew hydrogels avec vector of local cell or
molecular therapy.

Different types of cells have been test, mesenchgtean cell of bone-marrow origin, characterized
by their ability to be use in autologous systemrg] their efficiency to proliferate in vitro. These

mesenchymal stem cells were tested in rats, ralohitpig with success (partner 1 & 9). Other cells
were also tested, fibroblasts, which aggravatecettodution of experimental aneurysms, endothelial
cells, which are protective (partner 9).

With the participation of chemists, polysacchafigerogels have been developed in order to convey
cells, nucleic acids, and recombinant proteinShim @aneurysmal sac (partner 1 & 9). In particular
sulphated hydrogel was used to heparin binding atexdi such VEGF or SDF-1.

New therapeutic strategies

These different approaches allowed us to initiateogarticipate to clinical trials, including tfriaf
angiotensin Il antagonists in Marfan syndrome, bitbr of mast cell activation (Cardoz), and
cyclosporin in human AAA. Others are in discussith pharmaceutical industry (leukocyte elastase
inhibition with Astra-Zeneca).
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Scientific and medical conclusions.

FAD was a highly translational and transversaldasgale program, mobilizing numerous energy in
order to better understand what are the biologleéérminants of aneurysm development in order to
propose new diagnosis and therapeutic tools. FAdesements are diverse, due to the number of
partner, each developing its own project. Neveeethe majority of the works were complementary
through the different WPs and the different pagné&wo examples are presented in the table beyond
(see attachement DOCUMENT 4). The works perfornred GF-beta signalling pathway covered all
the WPs, mainly WP1, 2, 3, & 5, and involved heighttners among fifteen. Similarly the works
performed on the Intraluminal thrombus as the pm@dant driving force in AAA evolution, covered
all the WPs and involved eleven partners amongedift Similarly the number of common
publications, 81 among 292 (28%), co-signed by 2ngas or more, also provide evidences of the
transversality of FAD.

Major achievements have been performed in each PéRing new avenue for future Research and
Development (R&D) in the field of aneurismal diseas the aorta:

= Clinical and genetic database and tissue and oBéiations were constituted through FAD,
These database and collections, shared inside BABeberal partners, but also opened to
other teams outside of FAD consortium, allow impotttranslational work in the future.

= Discovery of new gene mutations in aneurismal digseaises the important question of
genetic diversity leading to common pathologicatfees of arterial wall and rupture.

= Pathophysiology leads to the general concept obddslworne injuries of the arterial wall,
sensitized by intrinsic defect of the wall compaiserieading to medial and adventitial
response.

= Diagnostic applications are in progress, includiirgulating biomarkers, but also important
progress in functional and molecular imaging of uaigenal pathology. These progress
include clinical applications, but also new tracEmswhich the preclinical proof of concept
has been now established. Further developmentissamfection in human are programmed.

= Similarly, new therapeutic approaches are in pregyrtnrough clinical investigations in
human patient.
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Potential Impact:
The potential impacts, including the socio-econoimipact and the wider societal implications.

FAD will have medical and socio-economic impacthé&alth, medicine, and economic development
of new tools.

The development of screening programs will haveh wime, consequences on health in aging EU
population. Screening for AAA will have importardrisequences on the care of aging male without
symptom. This beneficial effect will extend moranhAAA alone. It will be extended to the detection
of atherothrombotic disease whatever the locabmatind the prevention of periodontal diseases in
aging population. The relationship between peritaloisease in aging population and the
cardiovascular risk is now well established by epitblogical studies (see attachment DOCUMENT
5). Through translational research, FAD provideddences of the biological relationship between
periodontal disease, blood weak pathogen transgasgage, ILT retention of these weak pathogens,
leading to AAA progression. Such health progranesreow progressing slowly (figure: new tools for
mouth-dental hygiene in elderly people), but mwestdbveloped with the support of EU for Research
& Development. We proposed this transversal prpjaeatluding cardiologists, neurologists,
biologists, odontologists, twice to EU (ERC 201d &0ST), but we didn't succeed to be selected.

The concept developed in FAD will also impact medioof other vascular pathologies, including:

= -Genetics of vascular diseases: the effort perfdrmi¢h success in genetics during FAD will
be pursued including discovery of new genes througbrmative family approaches and
genetic sensitivity trough GWAS approach in larghart.

Partner 15, deCODE recently patented one partesithesults: Genetic markers for risk management
of vascular disease. Case History Report For Mattanber Case History Report For Matter Number
P2587PC00. PCT Application date: 22.6.2011, No. M%Z011/050009. Applicant deCODE
Genetics ehf. Inventors: Gudmar Thorleifsson, Sgl@retarsdottir

= Other localization of aneurysmal diseases: In paldr cerebral aneurysms. At the beginning
of FAD specific links was established wit ANEURI$Http://www.aneurist.org/). @neurlST
-Integrated Biomedical Informatics for the Managemef Cerebral Aneurysms - was a
European initiative within the Sixth Framework Pramme of the Information Society
Technologies IST. Alejandro Frangi (Aneurist coaaddr) and Juahana Frézen, a Finnish
neurosurgeaon, specialist of cerebral aneurysmg member of the FAD scientific advisory
board, and Jean-Baptiste Michel, FAD coordinatoaetigipated to @neurlST meetings in
Barcelonna. In particular FAD proposed that thénpgénicity of ILT is common to AAA and
cerebral aneurysm.

= New stenting technology: In the context of cerelar@urysm, a new type of multilayer not
covered stent, Flow Diverter (http://www.cardiaten/) has been implanted in human
patients, particularly in treatment of cerebraliagem. The principle was that flow diversion
of the aneurysmal sac could provoke sac thrombesid healing. Unfortunately this
technology was not associated with total succesger@l secondary aneurysmal ruptures of
cerebral aneurysms, but also of aortic and otheiplperal aneurysms, impair the results.
Since flow diversion is not ILT exclusion, the ILdssociated with this type of stents
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continued to be biologically active leading to d¢onbus proteolytic degradation of the
arterial wall.

The competencies acquired on ILT through FAD alldweartner 1, Inserm, to be partner in
PRESTIGE- PREvention of late Stent Thrombosis byirdaardisciplinary Global European effort
(http://www.prestige-fp7.eu/) The project startimg December 2010 is funded under the Seventh
Framework Programme (FP7) by the European Commissidddressed by the topic
"HEALTH.2010.2.4.2-1: Reducing in-stent thrombositdte stent thrombosis represents a major
European health care concern.

=  Atherothrombotic diseases: Since AAA is an athemtibotic disease, works performed on
AAA also impact directly what we know about occlesiatherothombosis. In particular,
works performed in genetics of sensitivity to AAAs@ impact genetics of coronary and
carotid artery diseases in humans.

One other important point is that the studies maddntraLuminal Thrombus (ILT) during FAD
directly impact the pathophysiology of IntraPladdemorrhage (IPH) in occlusive atherothrombosis.
IPHs are now well established as the driving fdeagling to plaque rupture and clinical expression.
We wrote important reviews in this field and gaesezal international conferences on this important
subject (EVBO meeting in Krakow, ESC 2012 Munidh)s time now to develop something at the
EU level concerning this most important featureniiman atherothrombotic diseases. We proposed
twice a COST and an ERC project in this field & HJ level (IPH-COST action 2011, ERC Spa-
Athero 2012) in order to initiate an EU networktims field. We didn't succeed. We will try again.
We wish and hope that this important field of hame/metabolism in atherothrombotic diseases will
be the object of EU calls at the beginning of FP-8!

The work made on ILT during FAD also allowed usl&dine new tools for functional and molecular
imaging and interventional therapeutic in atherothiootic diseases. These works allowed us to
propose the NanoAthero project applied to atheootimotic diseases. NANOATHERO-
Nanomedicine for target-specific imaging and tresitmof atherosclerosis: development and initial
clinical feasibility, is now selected to be fundander the Seventh Framework Programme (FP7) by
the European Commission. Addressed by the topimeNaience, Nanotechnology, NMP.2012.1.2-
2: Development of novel therapeutic nanotechnoleggbled systems for the diagnosis and treatment
of atherosclerosis- Large scale integrated projeserm U698 EU coordinator.

= Aortic valve disease: Similarly to the precedinglds, the works performed on TAA
particularly on genetics, genomics and biomecharattewed to FAD partners to continue
collaborations in this field focusing on the redaship between TAA and bicuspid aortic
valves. MIBAVA- Mechanistic Interrogation of BicuspbAortic Valve associated Aortopathy
(http://www.fondationleducq.org/), was selected ®indthe Transatlantic Networks of
Excellence in Cardiovascular Research Program aslardy Fondation Leducq U.S.
$6,000,000 over five years for internationally ablbrative research. Bart Loeys EU
coordinator (partber 3, ex UG), and Karolinskaitost(Kl, partner 4) a partner.

= Economic Impact: The most important economic paaeminpact will be directly linked to
the development of applications initiated within FAAmong the patents generated through
FAD the most important and numerous concern diggnegpplications, genetic markers,
circulating biomarkers and molecular imaging. Timserm patent and the corresponding
published article on the use of fucoidan as a nleswmpacophore for the diagnosis of vascular
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disease is probably the more advanced ones. Thatinical proof of concept has been
established. The program is now to go to the fingction in human. This must be achieved
through several steps including the definitive ckoiof the fucoidan preparation, the
preparation in GMP conditions for first injectiom human, minimal toxicologic studies, the
writing of the regulatory files, the definition artle writing of the clinical investigation
protocole, and finally the financial support to that. This development is now in progress
with a financial support at a national level.

Main dissemination activitiesand exploitation of results (WP6),
Objectives

Ensure regular training of Junior Scientists anathihécal Staff participating in FAD project to
acquire new skills and techniques.

In-house training is expected to promote persoerehanges and amplify excellence and scientific
links within the Network.

To disseminate the results generated in FAD in cadicience.

To reach all the potential audiences, in particydaarma companies, industrial partner for diagoost
tools, patient organisations and public health auiiles.

During the 4 years of the project, various dissatioms activities were performed in order to
promote FAD thank to the active involvement of eB&D partners.

A website has been created (ww.fightin-aneurysm.togpe a showcase of the project, and present
the project to the public. The success of this welss a tool to promote FAD can be shown by the
statistic of visits of the website, which regulariycrease since its launching (see attachment
DOCUMENT 6).

This website was a first step to contact the sifierdoordinator to obtain more information on the
project. It is regularly updated according to thissemination plan. A leaflet ready to be print is
available on the website with synthetic informatanthe project.

3 training sessions have been organized during} thears of the project: Proteomics in aneurismal
disease: from sampling to analysis (April 2009)jmal models of AAA: rational to practice (March
2010) and CV molecular imaging (March 2012). Theppse of these training were decided after
consultation of the partners on their needs linteedtFAD works and centralization of the requests.
Each partner has been involved as speakers otemsl@és. The participants to these training session
were French, Danish, English, Sweden, Belgian, Spaand Czech. Behind the exchange of
knowledge between the partners, these coursesaveral opportunity for the partners to exchange
knowledge and open the door to new collaborations.

300 articles were published (see attachment DOCUMENY FAD partners, as the fruit of their

own work on FAD (articles), of a collaboration wiinother or others FAD partners (articles) during
the 4 years of the project. A article has beeniphbt under FAD consortium name (Novel aspects of
the pathogenesis of aneurysms of the abdominah aorttumans. FAD EU consortium. Cardiovasc
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Res. 2011 Apr 1;90(1):18-27). This number of aeticd the demonstration of the fruitful work
performed by FAD partners.

These articles have been published in major medé&zaéw as Nature Genetics, Circulation, ATVB
and were the reflect of the advances and achievismenthe work performed on FAD and the
demonstration that a real expertise exists in FADsortium.

The proof of the existence of this expertise residethe fact that one hundred articles were reetbw
by FAD leaders between July 2008 and July 2012a&xample, Jes Lindholt (WP1 team leader,
partner 8, Viborg Hospital) is a member of the doat The European Journal of Vascular and
Endovascular Surgery and Jean-Baptiste Michel haiewed 19 articles of the 30 articles on the
aneurysms published in ATVB and 10 on 35 in Caraéoular Research.

Since the beginning of the project, FAD partnervehgarticipated to national/European and
international congress and have been invited derdift meeting to present results obtained with the
FAD project. The invitations of international corgs of FAD members have been increased and is
the reflect of the recognition of the expertisetbé FAD members thanks to this international
collaboration involved by FAD.FAD project was pressl in the most important congress and thanks
to the collaboration between the different partreemme researchers involved in FAD have been
invited in some events to present their results. &o exemple: Jean-Baptiste Michel (INSERM,
partner 1) has been invited byPer Eriksson (Kas&kninstitute, partner 4) at the European Society o
Cardialogy meeting in Sweden in 2011. FAD logolisags put on the presentation made BY THE
Partners to these meetings/congress.

The FAD partners have participate at their levgbtomote FAD thank to articles in the press (Jean-
Baptiste Michel, partner 1, INSERM, Circulation,r@iavascular research funding; recipients of the
European Commission's seventh framework programPie-Rrojet de recherché européen pour
empécher le développement de l'anévrisme) or f@ation to radio and television emissions (Jes
Lindholt, partner 8, Viborg hospital, TV2, Regioner- Jean-Baptiste Michel, partner 1, INSERM,
France 5, le magazine de la santé). Behind thecipation of congresses, there was a real volootee
each team to talk about FAD as a whole and not aslyhe individual work of several different
teams.

FAD has supported technically and financially thiedent actions of the partners on the aneurism
purpose (International meeting on aneurysms orgdnizy Natzi Sakalihasan, partner 6, Liege
University - Workshop on the biochemical analysis collagen type 1, 1l and 1V, collagens
responsible for heritable connective tissie disdarganized by Paul Coucke, Partner 3, Ghent
University).

This collaboration and exchange of knowledge was ohthe success of the project which have
create a researcher network which leads to thentddeexcellence, which will last beyond the
project.
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List of Websites:

Website:http://www.fighting-aneurysm.org/

Contact:

Jean-Baptiste.Michel@inserm.fr
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