MEDICAL
UNIVERSITY
OF VIENNA

THESECRETOME OF MONONUCLEAR CELLS AS
THERAPEUTIC TOOL IN MYOCARDIAL INFARCTIC
AND MYOCARDITEN EXPERIMENTAL STUDY

Doctoral thesis at the Medical University of Vienna
for obtaining the academic degree

Doctor of Philosophy

Submitted by

Dr. med. univ. Konrad Hoetzenecker

Supervisor:
As®c. Prof. Univ. Doz. Dmed. univ. HendrikJan Ankersmit MBA
Department of Thoracic Surgery
Christian Doppler Laboratory f@ardiac and Thoracic Diagnosis and
Regeneration

Vienna,09/2012



MEDICAL
UNIVERSITY
OF VIENNA

I NI 2F KSFEAy3 O02YSa FNRY yI i
F2NE (KS LIKeaAOAlYy Ydzad a&adal NI -

02PN

a
¢ K

Philippus Theophrastus Aureolus Bombeast HohenheimcalledParacelsus
14931541



I I I MEDICAL
UNIVERSITY
OF VIENNA

TABLE OF CONTENTS

DANKSAGUNG ... .eeeieeitit ettt e e e e e e e e tae e e e as e e e e aat et e e aasaeeeeaasteeeeasneaeeansaeeeeansnaeeeannees 5
ZUSAMMENFASSUNG. .....ccoitiiie ittt et et e ettt e et e e e st e e e st e e e e st e e e e s ssaeaessneeeeaannaneeennnes 6
PART & IMPACT OF APOSEC ON MICROVASCULAR OBSTRUCTION IN A PORCINE MODEL OF ACL
MYOCARDIAL INFARCTION ... utiite ettt ettt et a e e e e s e e e s nsba e e e e nnraeeeennneeas 8
T oo 18X 1T o 10 USSR 8
Stem cellgind repair Of the NEAIT...........oooi i 8
The Paracring Paradigim...........uuuuuiiiiiiiiiiieiiieieee e eer e e s e eeeeaaaaaa e e e e e e e s e e s s s s s s s s s s ssassnnannsnnrnnne 8
Lessons learned from Secretome analySES.........uvuuiiiiiiiiiiiiiiiiiiieeieee e e 8
Preceding experiments with apoptotiC PBM...........cccooiiiiiiiiiieiiieee e 10
Role of APOSEC in iSChemia/rePerfuSION..........ccuuviiiiieiiiiiieie e 10
The noreflow phenomenory role of MVO iN AMl......ooovviii, 11
AIM OF thE STUAY....coo i e e e e e e e e e e e e e e e e e e e e e e e e e e s e aaans 13
Material aNd METNOUS ........ciiiiiiii e e e e s e e e e e nnees 14
Generation Of APOSEC. ... e e e e e e e e e e e e e e e e e e e 14
Comparative analysis of APOSEC derived from healthy donors, diabetes and Gti$: .patie4
APOSEC application in a porcine AMI MQdel...........ueveeiieiiiiiiiiiiiiiee e, 14
YL I Vg Tz 1Y) PP 15
Human platelet iSolation ProtOCOL.............uvviiiiiiiiiiiee e 15
Platelet activation and aggregation..............ueeeieeeriiuirii et e e e e e 15
Quantification of intraplatelet VASP phosphorylation............ccccoooimieiiieiiiiiiiieee e 16
Platelet actication markers anésodilatory mediators during ischemia/reperfusion.......... 16
HUVEC CURUIE. ...ttt e et e e e e et e e e e e e e st te e e e e e e e nnnnnneeeeas 16
Myographic anbysis of isolated coronary arterial fings. ..o 16
SEALISTCAI BNAIYSIS. ....eiiieiiitie e 17
RESUILS. ..ttt e e e e e e ettt e e e e e e e bt et e e e e e e e n b e e e e e e e e e e n bt e e e aae e e e nnrnees 18
APOSEC reduces MVO in a porcine AMI MmOdel.......coooviiiiiiiiiii e, 18
Parameters assessed during heart catheterization examinations confirm MRI analysis..19
Bari SCOres and ar@a @t MSK........uuuueueeeiiiiiiiiiiee et e s 19
Haemodynamic MONITOMNG.........uuui ittt e e s s e e e e e e e e e e e ennenees 20
Cardiac rhythm mMONITONING..........oooi e e e e e e e e e e e e e e e aaaaeaeens 21
APOSEC inhibits platelet fUNCHIONVIVO............ooooiiiiiiii e 21
APOSEC inhibits platelet activation and aggrega@iontro ..............ooocuvereeeeeinniiiieeeeeee e 22
Enhanced VASP phosphorylation by APQSEQC. ... 24
APOSEC induces coronoary VasodilaliOn............cceeriiiiieiiiiisiie e eeeeeeeessiiies e s e e e e e e e eeeeneennns 24

APOSEC from healthy donors, diabetic patients and CHF patients have comparable fediures
3



I I I MEDICAL
UNIVERSITY
OF VIENNA

D Yo U K1 o] o F PP EETP R OTPPPPPPRPIN 28
PART Il¢ SECRETOME FROM MONONUCLEAR CELLS ATTENUATES MYOCARDITIS IN Al
EXPERIMENTAL AUTOIMMUNE MYOCARDITIS MODEL.........c.covviieeeiiiiiieee e eiiieeee e 30

T oo 18X 1T o SRR 30

Myocarditis¢ an autoiIMMUNEdISEASE?..........uuuuiiiiiiiiiiieiiiereeer e e e e e e e e ee e e e e e e 30
Stem cell therapy in inflammatory diSEaSsES.........ovvvvviiieiiii i 30
Stem cell conditioned medium for therapeutic use in inflammatory diseases.................. 31
Similarities of secretome derived from stem cells and peripheral blood leukocytes........ 31
The EAM mode] role Of CDA+ CEIIS.... oo e 32
Y 0T 0] (0 1= L3P PPPRPRR 32

AIM OF thE STUAY.....ce e e e e e e e e e e e e e e e e e e e e e e e e e e s aaaan 34

Material and METNOUS........ccoo e e e e e e e e e e e e e e e e s s e e s s e s s e nsnneenreereneees 35

Generation of murine and human MNC SECIetOmME............coeeeeiiiiiiimiiieeeiieeee e 35
N Y o o = PP PPRPPR 35
MyOCArditiS Gradif.........coooiiiiiiii e e e e e e e e e e e e e e e e e e e e e e e e e e e 35
Enzymdinked immunoSorbent @SSaYS......couiviiiiiiieei i 35
IMIMUNOSTALUS ...ttt e e e e e e et e e e e et bbb a e e e e e e eeeeeeeeebban s 36
Splenocyte Proliferation @SSAY.........cuuuiiiiiiiiiieeieii et 36
CDA4+ cell proliferation @SSAY.......uuueiiiiiiiiiiieiieeeee e 36
(D= (=Tox (o] g I o) =10 0] o1 (o 1<) =R 36
SEALISTICAI BNAIYSIS. ... eeiieiiiiie e e e e 36
TS U £SO PPP 38
MNC secretome attenuates myocardiafiltrate................ccoeeriiiiiiieiiee e 38
Systemic inflammatory reaction is dampened by MNC secretome..............ccceeeeeeeecnnnnnns 39

Splenocyte proliferation to MyHTs;46341S impaired in MNC secretome treated animals...41

Anti-proliferative effects of MNC secretome on CD4+ cells........coooececevvneinviiiiiiiiinnnnnn 41
Impact of MNC secretome anability of CD4+ and JURKAT cells.........cccoceeiiiiiiiiiinennns 42
Caspase bloCKiNg EXPEIMEINLS......uuuiiiiiiiiieeeeeeeeee e 42
Evaluation of the MNC secretome for known apoptosis inducing factors..........c.cc.......... 43
CD4+/CD8+ cell ratio is reduced in MNC secretome treated animals...............cccccceeeenes 44
[T U 1] o o PSPPSR 45
CONSIDERATIONS ON USING PBMC/MNC SECRETOME FOR THERAPEUTIC RURPOSES
CONFLICT OF INTEREST ...ttt ciie e eiee s seee e ssieeesssnne e s snnenaesnnnnneesnnnnneesnnsnnessnnnnnee 0T
REFEREIS .......coitiiie ittt et e et e e e ettt e e e et e e e e st e e e e ansaeeeaanseeeeeessaeaeansaeeeensaneennnnes 48
CURRICULUM VT A ..ttt e e e e e e e et e e e e e et e e e e e et e e e eebaa s 55
PUBLICATION. ...ttt e e e e et e e e e et e e e e e et e e e e e aaa e e e e atan e e e eetan e eeenatannns 77



I I I MEDICAL
UNIVERSITY
OF VIENNA

DANKSAGUNG

Ich mochte mich bei all jenen bedanken, die zur Entstehung dieser Arbeit durch fachliche oder
personliche Unterstitzung beigetragen haben.

Allen voran meinem Betreuer im Rahmen des PhD Studidas®c. Prof. Univ. Doz. Dr. med. univ.
Hendrik Jan Ankersmikeiter des Christian Doppler Labors fur Diagnose und Regeneration ven Herz
und Thoraxerkrakungen, der diese Arbeit betreut hat und mich seit Beginn meiner
wissenschatftlichen Laufbahn begleitet.

Im Besonderen mdchte ich mich bei Dr. Alice AssingeDunidig. Michael Ndnerund meinen

Laborkollegendie durch ihr Wissen untirie praktischeErfahrung zur Entstehung dieskrbeit

beigetragen haberbedanken Des Weiteen gilt mein DanlDr. Mariann Gyongyosi, ohne deren
Expertise die Tierversuche des ersten Teils dieser Arbeit nicht mdglich gewesen waren

Ebenfalls bedanken méchte ich mich ber Christian Doppler Forschungsgeschellschaft, die unserer
Arbeitsgruppe die Ressourcen zur Durchfiihrung einer Studie dieser GréRenordnung zur Verfligung
gestellt hat.

Die Resultate dieser Studie wurden im Rahmen mehrerer internationaler und natict@igresse prasentiert, u.a. bei der
Jahrestagung der International Society for Heart hudg Transplantation (ISHLfPrag2012 beim Kongress der
European Society for Cardiology (ES®)iinchen 201ZYoung Investigator AwaigiBasic Science)ind bem 3rd TERMIS
World Congress "Tissue Engineering and Regenerative Medicine" in Wien 2012.
Ein Teil dieser PhD Thesarde im JournaBasic Research in Cardiolgmybliziert Die vollstandige Publikatidimdet sich
am Ende dieser Dissertation.



I I I MEDICAL
UNIVERSITY
OF VIENNA

ZUSAMMENFASSUNG

Die mikrovaskulare ObstruktiofMVO) ist ein haufig beobachtet€hdnomen wahrend des akuten
Herzinfarktes und ist mit einer schldeim Prognoseassoziiert Aktivierte Thrombozyten und eine
Engstellungler kleinen Blutgefalie sind Schliisselfaktoren in der Entstehung einer MR@SEC ist

ein Praparat, das aus dem Kulturiberstand von peripheren mononukledren Zellen gewonnen wird
und bereits m vorangegangeneBtudieneinenischamischen Schaden im Mgwod verringein konnte

Ziel deser Studie ist es, den Einflussn APOSEC auf die MVO im kdazktmodell des Schweines zu
untersuchen.

Der Zellkulturiberstand von bestrahlten, apoptotischen peripheren mononukledren Zellen (APOSEC)
wurde Schweinemach Indukion eines Herzinfarktes intravenés verabreicht. Die MVO wadrdeh
Magnetresonanztomographie Herzkatheter und Elektrokardiogramomtersuchungenbestimmt.

Die Thrombozytenfunktion wurden vitro und in vivo mittels ELISA, Durchflusgometrie,
Aggregomaetie und Westen Blot analysiert.Der Einflusvon APOSEC adie Vasomotorikwurde in
NabelschnuEndothelZelkulturen (HUVEL und mittels MyographieeExperimenten mit isolierten
KoronararterieARngenuntersucht

Die Verabreichung von APOSEC wéhrend eines Herzinfarktes fuhrte zu einer signifikanten Reduktion
der MVO. Thrombozytenaktivierungsmark@t-selectin, CD40L, PFE TSPL) waren in Plasmaproben

von Tieren unter APOSEC Therapiedriger als in KontrolltierenDie thrombaytenhemmende
Wirkung von APOSEC wurderch in vitro Experimente mit aufgereinigten humanemd porcinen
Thrombozyten bestatigtAls moglicher Mechanismus konnte eine vermehrte Phosphorylierung von
VASP nachgewiesenwerden. Zusatzlich wane die Plasmakonzentrationenvasodilatatorische
Mediatoren (NO, VIP, PgI40min nach APOSEC Verabreicharpht. HUVEC, die mit APOSEE ko
kultiviert wurden exprimierten verstarktiNOSund phosphoeNOS Unabhéngig davoiiihrte die
Behandlung von isolierten Koronararteri®ingen zu einerumittelbaren, dosisabhangigen
Vasodilatation irMlyographieExperimenten.

Die vorliegendenVersuchezeigen, dass APOSEC das Ausaaf3MVO wahrendeines akuten
Herzinfaktes verringert. izskdnnte eine Erklarung fldie beobachtete funktionelle Verbesserung

in ischamischan Krankheitsbildem durchdie Behandlung miAPOSEE€rklaren.

Die Myokarditis zahlt zu den haufigsten Ursachen etfietativen KardiomyopathieObwohl die
Herzmuskelentzindungviele Parallelen zueiner o { f I & & Auto®ri8ngrirankung besitzt,
konnten Immunsuppressiva nur teilweise eine Verbesserung erzielen. In vorangegangenen Studien
an Herzinfarkiermodellen konnte eine therapetische Wirkung einer Theapie mit parakrinen
Faktoren peripherer mononuklearerZellen gezeigt weden. Ein Mechanismus dieser Therapie
basierte auf einer Modulation defmmunantwort wahrend deslinfarktes. Zielder vorliegenden
Studie war esden Einfluld des Sekretoms von mononukledren Zell@iNC Sekretompuf die
Herzmuskelentzindunig einem Myokardiismodell der Maus (EAM Modell) isten

Zellkulturibersand von mononukearen Zellen wurde Mausen nach Induktion einer
Autoimmunmyokarditis injiziert. © entzundliche Antwort wurde mittels histopathologischer
Aufarbeitung und ELISA Technik evatuiBer Einflussles MNC Sekretomsauf hochaufgereinigte
humane CD4+ Zellen wurdevitroanhand von Proliferationsind Apoptoseassays bestimmit.

Eine singulade Applikation von MNC Sekretomfiihrte zu einer deutlichen Reduktiordes
myokadialen Infiltrats in EAM Mausen. Da es sich beim EAM Modell um eine CD4+ Zell abhéngige
Autoimmunerkrankung handelivurde der Effekt von MNC Sekretoauf CD4+ Zellen untersucht
KolInkubation von T-HelferZellen mit MNC ékretom fiihrte zu einer Caspas&abhangigen
Induktion von programmiertem Zelltod.

Diese Daten zeigen, dasdas MNC Sekretom die myokardiale Entzindung in einem
AutoimmunmyokarditisModell reduzieren kann. Einemégliche Erklarundiir diese Beobachtung ist

eine Induktion von Apoptose in CD4+ Zellen.
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ABSTRACT

Microvascular obstruction (MVQ3 a frequently observed phenomenomiuring acute myocardial
infarction (AMI) and is associated with a poor progno$itatekts and vasoconstriction are
considered key players in the pathophysiology of MM®OSEC, a compound produced from the
secretome ofapoptotic peripheral blood mononuclear cells, has previously been shown to attenuate
the ischemic damage following AMI. Taien of this study was to evaluate th@pactof APOSEC on
MVO in a porcine closed chest ischemia/reperfusion AMI model.

Cell culture supernatants derived from irradiateaboptotic peripheral blood mononuclear cells
(APOSEC) were injected intravenoustgrainduction ofa myocardial infarctionAreaof MVOwas
determined by magnetic resonance imagirgardiac catheterizatiorand by electrocardiography
Platelet function was monitoredn vitro and in vivo by means of ELISA, flow cytometry, light
transmissionaggregometryand western blotiNOSand phospheeNOSnduction in HUVECultures
co-incubated with APOSEC was evaluated by western.bgmsetric circular wall tension of isolated
coronary arteries w&s determined by myographic measurements.

Treatment of AMI with APOSEC resulted in a significanproved microvascular perfusion. Platelet
activation markergP-selectin, CD40L, PF TSPL) were reduced in plasma samples, suggesting an
anti-aggregatory capacity of APOSEChis finding was confirmed bip vitro tests showing that
activation and aggregation of purified platelets were significantly ingohioy ceincubation with
APCEC. ¥sodilatory mediatorsvere systemicalljheightened 40min after admisiration of APOSEC
in the porcine AMI model (NO, VIP, RGHUVEC ccubated with the compound significantly
upregulated iINOSand phospheeNOSexpression Additionally, treatment of isolated coronary
arterial segments with APOSEC resulted in a dilation of the vesgeientsin a dosedependent
manner.

Our data give first evidence that APOSEC reduces the extdfivof during AMI. Thisight explain
the improved longterm outcome after APOSEC treatment in AMI.

Myocarditis is one of the major causes for dilated cardiomyopathy. Although the disease is
O2YyaARSNBR (2 0S 113aa20AIGSR ¢AGK Fdzi2AYYdzyS LKS
have only partidy proven beneficial in clinical trials. We haezently evidenced that a higthose
application of paracrine factors obtained from mononuclear cells attersiaieute myocardial
infarction. One mechanism regpsible for the observed effeetasa modulationof the detrimental
inflammatory response following myocardial ischeniie aim of this study was to determine the
influence of MNC secretomeon myocardial inflammationin a murine myocarditis model (EAM
model).

Cell culture supernatants derived fromurine mononuclear cells were collected and injected
intraperitoneally after induction of myocarditis The inflammatory response was determined by
histopathological evaluation of explanted hearts and by ELISA technique. The impact of MNC
secretome on CD4+ cells was evaluatednbyitro proliferation and cell viability assays.

Treatment of EAM mice witla single highdose application of MNC secretome resulted in an
attenuation ofthe myocardial infiltrate. Since the EAM model is a CD4+ cell dependent autoimmune
disease we evaluated the effect of MNC secretome on purified human CD4+ celisulzation of

MNC secretome with CD4+ cells led to a casf@adependent induction of apoptosis.

In conclusion, or data show that MNC secretomereduces myocardial inflammation in an
autoimmune myocarditis modeAs a possible mode of actioaninduction of apoptosis D4+ cells
issuggested.
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PART 1z IMPACT OF APOSEC ON MICROVASCULAR OBSTRUCTION IN A
PORCINE MODEL OF ACUTE MYOCARDIAL INFARCTION

Introduction

Stem cells and repair of the heart

For alongtime the heartwas thought to be an orgarwhich- once damaged- cannot be repaired
This viewhas been challenged at the beginning of this century. Autopsy studies on patients dying
from congestive heart failure showedl@¢60 fold increase in mitotifiguresin their hearts, althoul
the absolute proportiorwas low(1). In addition myocardial biopsies taken froraexmismatched
heart transplant recipients suggestedan extracardiac originof regenerative cells(2). These
observations gave the basis for the idea to apply stem cells for regenerative purposegoaitae
results in animal models thEOPCAREMI trial showed an improvement of left ventricular function
after intracoronaryapplicationof bonemarrow-derivedprogenitor cellsor blood-derived progenitor
cells (3). These initial results were confirmed by others shortly dadter (4, 5). Despite these
encouragingdata, stem cellhave not found their waynio routine clinical practiceThe purification
process igime-consuming and costly aralnumber of regulations hge to be met. Anothemajor
reason forthe failure of establishing stem cell therapy in the routinea lack ofnvolvement of the
pharmaceutical industryin contrast to research o&.g.small moleale drugsijt is a matter of debate
if autologousstemcells haveavalueas intellectual property6).

The Paracrine Paradigm

In the early days of stem cell researghifferentiation ofstem cellsto cells with a local phenotype
wasthought to be the prevailing mode of action. By this way a regeneratiatanfaged tissuevas
assumed. However, onlittle evidencesupports this theoryln fact, a complex interaction between
stem cells and hogissue takes place. Although the molecubasis of this interaction is still a matter

of research,the secretome of transplantedtem cellsis considered thedriving force behind this
process.A key workfor this change in paradigm was published in 2005 by Gnezichl. They
reported that mediumLINB OA 2 dzat & GO2yRAGAZ2YSRé o0& aidsSy OSftf.
reduced rates of hypoxidriven cell death in cardiomyocyte3his finding was corroborated Iy

vivo experiments bBowing that the application of conditionechedium reducedinfard size and
apoptotic indexin a coronary arteryligation model(7). Shortlythereafter, other groups picked up
this idea and showed thain fact most of the mechanisms seen in stem cell research can be
explained by paracrine interactiori®, 9).

Lessons learned fr om secretome analyses

As the idea that the secretome of stem cells rather than the cells themselves mediates regeneration,
detailed analyses of the secretguioteins came to the center of attention Several groups tried to
itemize soluble factorsoriginating from stem celldy different techniques(10-12). The list of
secreted cytokines, chemokines agdowth factorsis long and includes the following proteins
adapted from(13):
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Angiogenic factor M-CSF IL-11 Transferrin
Follistatin (FST) MCR1 IL-12 receptor
BMR4 MIP-3 IL-14 Osteoprotegerin 1
EGFR IGFBPL IL-15 TIMR1, TIMR2
ENA78 IGFBR2 IFNg R TGFb3, MIF, TGF
FGFH IGFBRB IP10 b2, LIF 1
FGF7 IGFBF OSM
FGF IL-1 PARC
FGFR IL-1b PDGFR
FIt-3 ligand IL-3 PIGF
GCP IL-4 SCF
GCSF IL-6 SDFL
GM-CSF IL-7 TNFa-l/lIR
GRO IL-7R TGFb-I/IIR
LIF IL-8 VEGF

The secretome of stem cells &rich source of pr@angiogenetic, immunomodulatory andesh cell
recruiting factors A thoroughevaluation of stem cell secretonia a substudy of thd8OOST 2 trail
revealed an interesting new perspective. Harvested bemarrow derived stem celland blood
leukocytesfrom 15 patients wereanalyed for their secreted factor§l4). In a protein chip array
study Wollert and colleagweshowed thathe secretome of both cell types wasmparablefor most

of the evaluated proteins. Onlg5 out of 174factors were present in higher concentrations in bone
marrow supernatants, and 10 factors were found in higher comagioins in peripheralblood
leukocytes. In addition to that both secretomes had similar effectsn human coronary artery
endothelial cell proliferation, migratioand on cell sprouting ia mouse aortic ring assapur group
was able to confirm thesenteresting olservationsby means of ELISA technique. Conditioned
medium of viable as well as apoptotic peripheral mononuclear caigained high amounts of
proangiogenic factorse.g.IL-8, Groealpha, ENA8, RANTES, HMGB1, PAI, MIF and VEBIe 1).

Table 1
viable PBMC apoptotic PBMC

soluble factors (ngimi) 1.10° 2.5.10° 25.10° 1.10° 2.510° 25.10° sig.

IL-8 1.74 2040 1.93 20.09 10.49 2353 1.22 2029 2.3010.13 18.01 287 ns ns ¥
GRO-alpha 0.17 0.09 0.36 20.09 2.06 =158 0.07 20.02 0.48 0.09 3.95 1093 ns nsns
ENA-78 3.41 11.34 29.93 £3.41 34.89 11633 3.93 £1.43 37.86 £12.73 108.86 £27.88 ns ns ¥
MCP-1 1.66 0.65 0.47 2021 0.27 £0.00 0.76 £0.19 0.74 £0.17 0.27 £0.00 ns nsns
RANTES 8.32 +0.18 18.62 £3.21 37.63£2.72 4.01 0,05 22.25+364 51.58 +4.44 ns ns ns
HMGB1 0.6320.39 3.44 2211 33.57 £6.45 2.74 s0.27 6.46 £1.12 20.51 £362 tnsns
MMPQ 4.14 2091 14.59 2275 29.46 £8.29 0.99 z0.16 3.61 059 19.35 £5.34 t4ns
sICAM-1 0.14 +0.04 1431025 7.43 :0.85 0.42 025 2.09 042 940 +1.29 ns ns ¥
VEGF 55 0.13 z0.01 042 :0.04 0.82 034 0.15 20,02 0.64 +0.04 439 +1.22 ns ns ¥
MIF 4.84 0.09 17.79 :0.95 13.24 085 5.85 z0.22 20.15 2114 58.99 £1.17 ns ns ¥
PAI-1 1.25:0.35 1.93 2029 49.60 19.04 0.00 z0.00 5.06 £3.25 45.86 £1.43 ns nsns
IL-16 0.0+00 0.11 20.02 0.84 2031 0.00 +0.00 1.25 10,07 5.25 10.52 nst ¥
IL-1ra 0.35 0.09 0.52 1017 216 2096 0.13 :0.04 0.41 £0.17 6.43 +1.33 ns ns ¥
IL-10 0.01 +0.00 0.00 0.0 0.05 z0.01 0.02 z0.01 0.02 £0.01 0.06 0.01 ns nsns
IGF-I 0.00 <0.00 0.01:0.0 0.03 002 0.00 =0.00 0.01 £0.01 0.03 £0.03 ns nsns
HGF 0.33 +0.08 0.16 20.01 0.69 £0.19 0.11 :0.03 0.07 £0.02 0.79 20.19 ns nsns
FGF-2 0.56 0.02 0.53 20.00 0.59 20,01 0.48 001 0.53 £0.02 0.55 0.02 ns nsns
TGF-B 0.08 z0.01 0.10 z0.01 0.21 z0.07 0.06 z0.01 0.09 0.02 0.39 £0.09 ns nsns
SDF-1 0.17 0.0 0.19:0.0 0.22 2003 0.16 0.01 0.15 0,07 0.12 0.04 ns nsns
G-CSF 0.00 z0.00 0.00 20.00 0.00 z0.00 0.00 z0.00 0.00 £0.00 0.00 20.00 ns nsns
GM-CSF 0.00 +0.00 0.00 0.00 0.07 002 0.00 +0.00 0.00 +0.00 0.08 +0.02 ns nsns

Table 1: Analysis of soluble factors secreted by non-irradiated cells and irradiated apoptotic PBMC (APOSEC).

Cells were incubated in three different cell concentrations for 24 hours. Supernatants were analyzed for cytokines, chemokines and growth factors (n=5).
1 p<0.05 1.10° viable PBMC vs. 1.10° apoptotic PBMC, 1 p<0.05 2.5.10° viable PBMC vs. 2.5.10° apoptotic PBMC, ¥ p<0.05 25.10° viable PBMC vs.
25.10° apoptotic PBMC.

Table 1 showsontent evaluation ofhe supernatant of apoptotic andable PBMGadapted from(15).
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These results indicate thatalthough regenerative medicine has traditionally focused on stem gells
peripheralblood cells might mediateimilareffects.Despite the fact thathe therapeutic application

of oaconditioned medium is nowadays an established concept, to dalleattemps to identify a
singleeffective agent in the secretome have failed. Blocking experiments have not led to sufficient
results asthe elimination ofsingle factors had no or only little impact on the effects mediated by the
secretome (15, 16). Therefore, currentlymost groups propagatehat the beneficial effects are
mediated by a secretome in ientirety. This also implements that there might be mdhan one
mode of action and that the regenerative potential of a secretome may be due to pleiotropic
mechanisms.

Preceding experiments with apoptotic PBMC
Before the application obecretome derived from apoptotiperipheral blood mononuclear csll
(PBMC)wvas considered, thampactof using apoptotic PBMC instead of stem $elas evaluated in
precedingexperiments(17). Mice systemically or intramyocardialtyeated with cultured, irradiated
PBMC suspensionshad significantly smalleareas of necrosis 72hrs after induction ofacute
myocardial infarctionAMI) when conpared to controls. Furthermorejxweeksafter AMIexplanted
heartsevidenced aeduced scar formatioi25% vs. 6% of left ventri¢l€igure ) and improvedeft
ventricular functional parameteri® echocardiographianalysis

@ )

& e i) \

Figure 1 shows the extent of the myocardial damage followeftganterior descendinglLAD ligation in arat AMI model.Ratstreated with
apoptotic PBMGuspensiongc) had a significantly smaller area of scar formation when comparedtteated mice(a) and mice treated
with viable PBMGuspensiongb); adapted from(17).

Figure 1

Histological evaluations revealed thahet systemic application otultured, apoptotic PBMC
suspensionsnduced homing of regenerative cells to the myocardidpoptotic PBMGvere shown
to produce high amounts of & and MMPR9. Both chemokines playlkeyrole in the recruitment of
stem cells to damaged aredsterestingly, incubation of fibroblasts witthe secretome of apoptotic
PBMICalso led to a strong induction of-8.ard MMP-9, giving first evidence that the secretome and
not the cells might mediate the observed beneficial effects.

In a subsequenstudy by Lichternaueret al. it was show that the intravenous and intramyocardial
application ofcultured, apoptotic PBMCsuspensionded to changes ofhe extracellular matrix
composition within the scar tissue. Animaisceivingapoptotic PBMGsuspensions evidencean
increment ofelastic fibredn the transitionzone between vitamyocardiumand fibroticareas(18).

Role of APOSEC in ischemia/reperfusion

The dea to administer conditioned mediunherivedfrom apoptotic PBMC developed on the basis of
i K ®araérine Paradigénpublishedin stem cell research. APOSEQ@urisacronym originating from
APOptotic SE€tome. A standardized production process of APOSEC estblished in our
laboratory including the following step®BMC are isolated from healthy individuals and cultured for
24hrs in serum free medium. Cells aeparated from the supernatant followed by stegf dialysis
andlyophilization
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The firstlarge animalstudy testing APOSEC in the setting of AMI was published in 2@ldrodent
coronary arteryligation modelas well as in a porcine closed chishemia/reperfusion modethe
intravenous infusion oAPOSEsuted in significantly reduced yocadial damagg12.6% vs. 6.9%,
p<0.02 Figure 2.

Figure 2

Medium IV

Figure 2 shows results of APOSEC treatment in a porcine ANElInPigs treated with APOSEC had smaller infarcts with less collagen
deposition and more viable cardiomyocytetien compared to @entrol mediumpigs6 | 99 YR a2 @ Q& LXigphed OKNRBYS &
from (15).

Additionally,magnetic resonance imagiyIR)) analysisof APOSEC treated pigsvealed improved
haemodynamics (ejection fraction: 57.0% vs. 40.5%; cardiac output: 4.0 vs. 2.4 |/min) when
compared to catrol animals.In vitro experimentsindicatedthat co-incubation of cardiomyocytes

with APOSEC led to an increment of provival gene product@KT, Erk1/2, CRERJur). Increased
anti-apoptotic proteins (Bct2, BAGL) could protectcardiomyocytes fromstarvationinduced cell
death(15).

The no-reflow phenomenon zrole of MVO in AMI
No-reflow is defined asa failure of reperfusion toan ischemic area aftesin obstruction has been
removed or bypassedn the setting of arAMI this means, thaglthough coronary bloodléw is re
establihed by an early interventiona lack of perfusion on the microvascular leymdrsists
(microvascular obstructiom MVO) This phenomenon can be found 22-50 percent of all AMI
patients (19, 20) and the exent of MVOareas hasa significantA Y LJ- OG 2y LJ xSy idaQ |1
22). Therefore, manipulatindVVO is a main topic of researchin cardiology Pathomysiologically,
MVO is a multidimensional phenomenon including plateletd)e vessel wall and circulating
leukocytes. Platelet activation has been showrdieectly contribute to the impairment in coronary
flow reserve and contractile functiof23). Thus inhibiting platelet functioris thought toreduce noe
reflow. This effecthas been validateth clinicaltrials with GRIb/Illa inhibitors(24). Another impetus
in treating noreflow isa manipulationof the vasomotor state Aspirates from occluded coronary
arteries obtained during PCI were shown to contain factdrgasoconstriction and increased levels
of apoptosis product$25-27). By antagonizing vasoconstrictio)VO can be effectively reduced.
11
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This led to a recommendation of adenosine, verapamil or nitroprusside as a therapeutic dfgtion
no-reflow (28).
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Aim of the study

Based on previoug publishedindings of our groupve soughtto elucidate the impact of APOSERQ
MVOduring AMI The estoration of blood flow on the microvascular levemmains a major obstacle

in cardiology aswrrent pharmacologicastrategiesof treatingMVO aredissatisfactoryWe employed

a porcine closed @st reperfused infarction modéb study effects of APOSEC on MWPOSEC was
administered following the same protocol established in previous projd@ds The effect of APOSEC
on the microvasculature was determined by MRd|ectrocardiography (ECG and heart
catheterizationanalysis, following current recommendatio(29). Since two majodeterminant of

the noreflow phenomenon are platelets and the vasomotor state we evaluated the impact of
APOSEC on platelet function arasodilationin vitro.
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Material and Methods

Generation of APOSEC

APOSEC was produced according standardizegbrotocol developed in our laboratory. PBMC were
purified by Ficoll densitgradient centrifugationGE Healthcare BiSciences AB, Swedeells were
washed two times with HBSS and resuspende@etiGro seruniree medium (Cell Genix, Freiburg,
Germany)Apoptosis was induced by irradiating cells with 60Gy. Cells were incubated fora24hrs
concentration of 2.5*18cells/mLin a humidified atmospher¢s% CQ and 37°C) and gernatants
were collected. The conditionednedium was dialyzed againshtmmonium &etate (at a
concentration of 50mM), sterile filtered, frozen and lyophilized. Aliquots of APOSEC were stered at
80°C until used for different experiments. APOS¥G pooledfrom four different donorsfor
respective experiments APOSEC wagroduced/applied in anallogeneic fashion:For animal
experiments APOSEC was produced from donor pigs by direct heart puncture under sterile
conditions. Foiin vitro experimentswith human platelets and HUVBRBMCwere obtained from
young healthy volunteex patients suffering from insulidependent diabetes (APOSEC DM), or
patients with congestive heart failure NYHA>III (APOSECbgHENous blood withdrawal after
obtaining informed consenfethics committee vote: ERr 2010/034; 2009/352 For in vitro
experiments PBMC were cultured at a concentratiorltf0° cells/ml (platelet analysis) or 2.5*30
cells/ml (HUVEC cultures) iaram-free UltraCulture (Cambrex Corp., North Brunswick, NJ, US)

Comparative analysis of APOSEGQIerived from healthy donors, di abetes and CHF patients

Levels of H8, ENA78 and VEGF (all Duoset kits, R&D Systems, Minneapolis, dSMPOSEC
preparations derived fromhealthy donors, diabetic patients ancbngestive heart failurCHF
patientswere determinedfF 2 f £ 2 Ay 3 G KS YI ydzF I Ol dzZNB NIngasuked a (i NHzO i
by evaluatingthe decomposition product nitritdby a commercially available colorimetric assay kit

(Abcam, Cambridge, UK).

APOSEC application in a porcine AMI model

All animal expgments were performed at the University of Kaposvar with a positive vote from the
animal experiment committee vpte: 246/002/SOM2006, MARS8-2005). Experiments were
performed in accordance to the Guide for the Care and Use of Laboratory Animals by ineaNat
Institutes of Health (NIH Publication No.-83). Two different experimental settings were designed
(Figure 3)CSYI £ S a4 FNBS 2KAGSE LIATE 6SAIAKAYI | LILINRPEAY
100mg acetylsalicylic acidne day before the interveion as a premedication. At the day of
intervention animals were sedated (12mg/kg ketamine hydrochloride, 1.0mg/kg xylazine and
0.04mg/kg atropine)and put under generahnaesthesiausing isoflurane. Ae right femoral artery

and the right femoral veiwere punctured, leparin (200 1U/kg) was administereh the venous line

and a 6Fr guiding catheter (Medtronic Inc., USA) wadganced via the réerial line to the left
coronary ostium A balloon catheter (diameter: 3.0 mm, length: 15 mm; Boston Scientifitickja
USA) was inserted into the left anterior descending artery (LAD). The balloon was positioned after
the second major diagonal branch and inflated4-6 standard atmospheres (atmfrorty minutes

after the start of the LAD occlusion, APOSEC from °litt&diated apoptoic porcine PBMC or
lyophilized unconditionegerumfree cell culture (resuspended in 250 ml of 0.9% NaCl solution) was
administered intravenously over 25min. After 90min occlusion, the balloon was removed again.
Control coronary angiogrdyy (Ultravist contrast medium, Bayer Healthcare, Germamgs
performed to prove the reestablishment of the epicardial blood flow and to exclude arterial injury
caused by the procedur&ngiographic films were recorded and corrected TIMI frame counts and
myocardial blush grades were evaluated later on in a blinded fashion. Corrected TIMI frame counts
were determined according to the ethod of Gibsor(30). Myocardiablush grading was evaluated as
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previously published31). Grades were defined as follows: grade; Gailure of dye to enter the
microvasculature; grade d minimal myocardial @ntrast density grade 2¢ delayed entry and exit of
dye; grade 3¢ normal myocardial blushingAll pigs were ECG monitored throughout the whole
experiment. ArECG rhythm stripggas documented for every pig before LAD occlusion, after occlusion
and after rgoerfusion. SBegment resolution was calculated as ans8@ment decrease of >50% of
the initial STsegment elevation. Additionally, some pigs were monitored with a Holter ECG during
ischemia and until 60min after reperfusion (Gedad, Vienna, AustriaFuthanasia was performed

by injection of saturated potassium chloride at 24hrs or 3 days after AMI induction.

MRI analysis

EC@riggered MRI imaging was performed three days after AMI induct{@gwvanto, Siemens,
Erlangen, Germany)sing0.05 mmol/kg gadatium based contrast agenMVOwasdeterminedby
measuring areas date hypeenhancement within hypeenhanced regiosi(i.e., "dark zones" within
"bright" zones). Images used for MVO evaluation were recort@din after the administration of
contrast agent (32). Infarcted areas were senaiutomatically segmented by thresholding the left
ventricular myocardium to the mean+2*SDvalues of unaffected myocardiunindependetly by
two blinded radiologistsManual planimetryQMass softwareMedis, Leidenthe Netherlandswas
used to definghe area of MVO for each slicereas were multiplied by the slice thickness (8 mm) to
get volumetric measurements. Results are givevaiume values (cf.

Human platelet isolation protocol

Blood draws were obtained from young healthy volunte@thics committee vote: EKr 237/2004)

by venipuncture using a ide-lumen needle (20 Gauge) to minimize mechanicaduced stress
Whole blood was anticoagulated wih8% (w/v) trisodium citratand platelet rich plasma (PRP) was
obtained by centrifugation samples with25g for 20min. PRP was further purified by means of
sepharose column gel filtratioto obtain highly purified huran platelets.Experiments with porcine
platelets wereperformed withPRP

Platelet activation and aggregation

The impact of APOSEC on purified platetess measured by flow cytometry and ELISA technique.
Platelets were préncubated with APOSEC fra@til0°irradiated apoptotic PBMC for 10min. Platelets
were stimulated for 5min with thrombin recepteactivating peptide ( TRAF6, BACHEM, Basel,
Switzerland), adenosine diphosphate (ADP; Sigidach, St Louis, MO, USA) or collagen (MoelLab,
Langenfeld, Germany Thenplatelets were stained with Plabeled antiCD62P, FITi@beled anti
CD63 or FIHabeled antiCDIOL antibodies (BINJ, USAand evaluated om FACSCalibur (BRJ,
USA.

For aggregation experiments, platelets were stirred in the presencabsence of APOSEC from
2*10° cultured cells in an opticaléhannel aggregometer (49D, Chronolog Corp., Hatewn, PA,
USA) at 37°C for 5min to determibaseline absorbanc&hen, TRAFS, ADP or collagen was added
and light absorbancewas recorded overlOmin. After 10min theophylline (300uM) and adenosine
(500uM) were added to stop aggregation and supernatants were collected to measure amount of
secreted soluble CD62P (Quantikine; R&D Systems, Minneapolis, MN, USA), soluble CD40L (Bender
MedSystems, Viena, Austria) and thrombospondin (TSP ELIS®\were performed following the
manufacturer's instructionsTSP was determined by western blot as previously descr{®dd
Samples werdaliluted inloading buffer (156M TrisHCl,pH = 6.8, 7.5% SDS, 37.5% glycerol, 0.1%
bromophenolblue and 40nM of freshly addedTT) and heated t85°C for Snin prior to loading.
Proteins were separated a6 reducing polyacrylamide gels aridtted to polyvinylidenedifluoride
membranes. Immunodetection was performed with néi-TSPL (NeoMarkers Thermo Fisher
Scientific, EBrmont, CA, USARt a concentration of B0OO. A peroxidaseconjugated secondary
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antibody against mouse IgG artde SuperSignal West Femto (Pierce; TherRisher Scientific,
Rockford, IL, USA) was used as a detectigersy

Quantification of intraplatelet VASP phosphorylation

Isolated human platelets were piacubated with APOSEC from 2*iffadiated apoptotic PBMC
together with different concentrations of prostaglandin ®GE) for 2min. Then ADP was added as
an agonist for 5minTo determine the intracellar content of phosphorylatedasodilatorstimulated
phosphoprotein YASP, plateletswere fixed in 1% formaldehyde for 10min ampe&rmeabilized with
0.5%Triton X 100. Amonoclonal antphospheVASP antibody, clone 22E11 (nanoTools, Teningen,
Germany)was added for 45min. This antibody detethe phosphorylation site of VASR serine
239. After a washing step, platelets were incubated with seconB&Fgconjugated antimouse 1gG
antibody (Becton Dickinsoriustrig for 30min andstained platelets wee analyzedon a FACSCalibur
(BD, NJ, USA

Platelet actication markers and v asodilatory mediators during ischemia/reperfusion

Plasma samples (3.8% trisodium citrate tubes) were collected before LAD occlusion, 90min after
occlusion, after reperfusion (24din) and 24hrs after AMI induction either via aspiration of the
central line inserted in the femoral vein (Omin, 90min) or by puncture ofdhgerior vena cava
(240min, 24hrs). Samplegere evaluated for levels afRSelectin, TSR, PF4, sCD40Lprostagyclin

(PG)), vasoactive intestinal peptide (VIP) and nitric exitlO) by ELISA technique (Uscn, Wuhan,
China; antibodiesnline, Aachen, GermanR&D systems, MinneapolidSA. NO was determined by
measuring the amont of oxidized metabolic product nitrite in the samples by a commercially
available colorimetric assay kit (Abcam, Cambridge, UK).

HUVEC culture

3*10° primary human umbilical vein endothelial cells (HUVEC, CellSystems Biotechnologie, Troisdorf,
Germany) wee seeded in @vell plates using endothelial cell growth medium (E&M.onza, Basel,
Switzerland) Cells were incubated wittAPOSEC from 2.5*0rradiated apoptotic PBMC or
unconditioned control medium and cells were incubafed 60 minutes (phosph@NOSdetection)

or 24 hours (iNOS detectioim) a humidified atmospheré&s% CQ and 37°C)Then HUVEC were lysed

in SDEPAGE loading buffer, sonicated, centrifuged, and denatured before loadingPSGE was
conducted on commercially availablgB% gradient gls (GE Healthcare, Uppsala, Sweden). The
proteins were then blotted onto nitrocellulose membranes Biad, Hercules, CA, USA).
Immunodetection was performedither with a rabbit polyclonal antinducible nitric oxide synthase
(iINOS) antibody (Cell Sigimgl Technology, IncDanvers, MA, US§Aphospho eNOS antibody (Cell
Signaling Technology, Inm)y a mouse monoclonal anGAPDH antibody (Acris, Herford, Germany).

As a secondary antibody a horseradish peroxidasgugated goat antiabbit or goatanti-mouse

IgG antisera (both 1:10000; GE Healthcare) was used. Reaction products were detected by
chemiluminescence with the ChemiGlow reagent (Biozyme Laboratories Limited, South Wales, UK)
FOO2NRAY3I G2 0GKS YIydzFlI OGdzZNBENDa AyaidNdHzOGA2yaod

Myographic analys is of isolated coronary arterial rings

Hearts were obtained from untreated, domestic pigarchased bya local butcher.They were
brought to the Ilaboratory in a modified Krekdenseleit buffer solutionimmediately after
slaughtering Coronary arteries werésolated from the heart and cut in 4mm thick rings. Each
coronary segment wasransferred to a temperatureontrolled 10nL tissue bath containing a
modified KrebdHenseleit buffer solution. To measure circular wall tension, the rings were suspended
between two L-shaped pins in a myopgraph. After approximately one hour, vessels were contracted
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with endothelinl (30nM; Calbiochem, Darmstadt, Germany). Only segments respotalitiys
treatment with a sufficientontraction were used for the following stepSPOSEC was added to the
probes in different concentrations (dose escalation) and changes in arterial wall tension were
measured. In some experiments iINOS inhibiteN@&Nitroarginine methyl ester(L-NAME) was
added. For some experimentsalated coronary ings, ceincubated with APOSEC for 60min were
processed following a standard protocol ionmunohistochemical analysidn antibody recognizing
eNOS, phosphorylated at Serl177 (Biorbyt, Cambridge, UK)usext Histological slicesere
analysedon an Olymps AX70 microscope (Olympus Optical Co. Ltd., Tokyo, Japan) and captured
digitally using Meta Morph v4.5 Software (Molecular Devices, Sunnyvale, USA).

Statistical analysis

All statistical analyseand graphic processingvere performed using Graph Pdrism software
(Graph Pad Software, USAf SPSS 18.0 (SPSS inc., United StaResults are depicted as
meansztstandard error of the mean (SEM). Significances were calculated by studessf sot
repeated measures analysis of variance (ANOVA) followeddnferroni correctionin boxplot
figures, whiskers indicate minimums and maximums, the upper edge of thedroasporisto the
75th percentile and the lower onthe 25th percentile A P-value less than 0.05 wa®nsideredas
all GAadAa Ol indicatesdp k B.95A*titdlicated p <00F01).
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Results

In order to determine the impact of APOSEC on MVO two different experimental settings were
designedFigure 3)16 pigs (APOSEC group n=9, control medium group n=7) were evaluated for MVO
three days #er AMI induction.In 13 pigs (APOSEC group n=6, control medium group n=7)
ECG/Hder ECG,detailed heart catheterizationexamirations and repeated blood drawsere
performed

Figure 3
APOSEC
. after =9
Balloon occlusion ' n rfusi
of the LAD for % &‘on) Cardiac MRI evaluation
: administration of (after 3 days)
S0 minutes Control medium
n=7
APOSEC | Heart cath examinations |
. after -
Balloon occlusion 40 minutes n=6 reperfusion
of the LAD for _— | ECG / Holter ECG |
: administration of
90 minutes Control medium
n=7 | Repeated blood draws |

Figure 3 depictthe two experimental settings of thgorcine AMlanimal model.

APOSEC reduces MVO in a porcine AMI model

MRIanalysis performed thredays after induction of AMEvealed a significant impact of APOSEC on
the microvascular patencyAreas of MVO were determined as areas of reduced contrast agent
accumulation within hypeenhanced area32). Qualitative and quantitative evaluations revealed an
absent ¢ or only small areas of MVO in APOSEC treated animals, whereas pigs treated with
unconditioned medium had uniformingly large areas of MM®QSEC: 0.3 + 0.1 %roontrol: 0.8 +

0.1 cnt; p= 0.04. One representative evaluation is depicted in Figure 4, itlefaneasurements are
shown in Table 2.

Figure 4

Bvaluation of MVO using late enhanced MRI analyseown in Figure.4yopenhanced areas wecalculatedby planimetry.

18



m MEDICAL
UNIVERSITY
OF VIENNA

Table 2

group MVO (cm3) Qualitative group MVO (cm?3) Qualitative
#1 APOSEC 0 not visible #10 control 0.86 small
#2 APOSEC 0.427 small #11 control 0.76 small
#3 APOSEC 0 not visible #12 control 1.04 small
#4 APOSEC 1.24 small #13 control 0.26 very small
#5 APOSEC 0 not visible #14 control 0.96 small
#6 APOSEC 0.56 small #15 control 0.72 small
#7 APOSEC 0 not visible #16 control 0.97 small
#8 APOSEC 0 not visible
#9 APOSEC 0.91 small

Table 2 shows MVO evaluations. APOSEC treated animalsidrdficanty smaller areas of impairedhicrovascular perfusion when

compared to control animalh=7-9).

Parameters assessed during heart catheterization examinations confirm MRI analysis

The occurenceof MVO canalso be visualized duringeart catheterizationexaminations. For the
corrected TIMI frame counthe number of frames required for dye to reach a standardized distal
landmark isdetermined A correction factor is required to compensate for ttifferent length of the
three main coronanarteries (30). A low TIMI frame count indicates a sufficient blood flow in the
small vessels, on the other hand a high TIMI frame count is associated with mictavasolusion.
The myocardial blush grade directly refletissuelevel perfusion as the accumulation of contrast
agent in the intramycoardial capillaries are objecitiflegda grading systen34, 35). We could shw

that both parameters are impaired in control animals. Treating pigs with SEROsignificantly
amelioratedcorrected TIMI frame coustand myocardial blush grauh (Table 3.

Table 3

control APOSEC p-value
corr. TMI frame count 44.4+3.6 28.7+1.9 0.022
Myocardial blush grade 1.3£0.3 2.5+0.3 0.033

Table 3 displays angiographic evaluations. APOSEC treatment resulted in a signditafityated corrected TIMI frame coumtnd

myocardial blush gradingn=6-7).

Bari scores and area at risk

To rule out possible bias in our study cohave performed additional analyse The Bypass

Angioplasty Revascularization

Investigation Myocardial Jeopardy

Index (BAR) &=cosn

angiographiebased score to evaluate théensity and distribution otoronaryvessels prior to an
intervention (36). The Bari scoravas calculated based on LAD arictumflex coronary arteryQX
pre-occlusion angiogramand did not differ between our groupfAPOSEC: 1%21.0; control:

20.1+1.4; p=@11;, n=67; Figure 5.

The area at risk reflects the later extent of myocardial damage during the early phase of an
infarction. Initially the area atisk comprises of still viable myocardium, which is gradually lost within
the first hours to days if restoration of blood supply on the microvasculature leve(3#jl88). To
confirm that ischemic areas were comparable in both groups we analyzeeeighted images of

MRI analysis. In both groups areas of jeopardized myocardium were equal (APOSEC: 20.2+1 .4,

control: 22.9+2.2; p=0.294igure 3
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Figure 5
BARI score Area at risk MRI
T2-weighted imaging
304 n.s.
I 1 404 n.s.

254

N
o
% left ventricle
3
X l
.
@
™
°

154 104

o

1c T 1 T T

% o %, o
% %,
o, ‘-9@0 o d\é‘o

Figure 5 shows Bari soend area at riskanalysis(n=7-9). Cardiac catheterization films before the intervention showed no difference
between groups indicating an even distributiai coronary collateralization (I8ft Area at risk determined on day I MRI was

comparable in both groupsight).

Haemodynamic monitoring
Left ventricularcontractibility was monitored in the pigs by hearatheterizationafter deflation of

the occlusion balloon. dP/dt/Bmaximal rate of pressure rig#P/dt to the pressue P) is considered
the gold standard in measuring left ventricular contractile capa@8). In our cohort a tendency
towards an improved pump function was observaftier reperfusion although this finding did not
reach significance (APOSEC2220.6mirt"; control: 17.4+4.0mift). Echocardiographic evaluations
24hrs after AMI induction confirmed this observatigtigure 6.

Figure 6
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Figure 6depictsfunctional evaluation®4hrs after APOSEC administration. Treated pigaveda trend towards an improved ejection
fraction and shortening fractiofEjection fraction: APOSEC: 50.7 % 3.8; control: 45.0 + 3.3; p=0.299; Shortening fraction: APOSEC: 26.3+2.4;
control: 22.2+2.1; p=0.231However, thes@bservatiors did not reach leve of significancén=67).
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Cardiac rhythm monitoring
STsegment resolution is associated withrestoration of the bloodflow in the microvasculature,

since the supply of the electrical conduction systemdirectly affects electrophysiological
measurements. A higher amount of-S8gment resolutions was observed in the APOSEC group. In
addition to tha fewer episodes of spontaneolysresolving ventricular arrhythmias (expressed in
total number of extrasystels, couplet, triplet, and ventricular tachycardias) were found during
coronary occlusion anduringthe reperfusion period Table 4)

ST-resolution

control APOSEC
during
occlusion
after
reperfusion Y7 4/6

VES couplet triplet VT

control APOSEC control APOSEC control APOSEC control APOSEC
during
occlusion 238.7 £161.5 28.0%11.0 10.747.1 46£3.0 10.7 8.5 0.210.2 5.7+3.4 24$19
after 92.3%31.0 49.04£358 18.848.6 80156 48433 34420 3219 34+24
reperfusion - g 0435 h - - - ) - -4 2. - g - g

Table 4summarizeghythmological analyses. $&solution was observed more frequently in the APOSEC group. Episodes of ventricular
extrasystoles (VES), couplets, triplets and ventricular tachycardias (VT) were less frequent in APOSEC treatddremgroatdusion and

after reperfusion(n=6-7).

APOSEC inhibits platelet function in vivo
Platelets and their activation statare major contributing factos in the development of MVO

following a myocardial infarction. Therefore, we evaluated secreted platelet function paeasiet
plasma sampleobtained at different timepoints. Systemic levels of sBelectin (sCD62P), FEFPF
4 and sCD40L@®154 were lower in APOSEC treated animals wbempared to pigs treated with
unconditionedmedium (Figure 7)

Figure 7
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Figure 7 showsystemic levels oplatelet aggregation markers in APOSEC treated pigs and control angoailging lyophilized medium
(n=67).
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APOSEC inhibits platelet activation and aggregation in vitro

Next we evaluated thempactof APOSEC on platefenctionin vitro. In a first experiment we tested
whether APOSEC interferes with TFABnd ADHnduced aggregation. Psi@cubation of highly
purified platelets with APOSEC resultedlessclot formation as measured biight transmission
aggregometry This effect was observeavhen adding a maximal as well as a halfximal

concentration of the agonigFigure 8)

Figure 8
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Aggregation experimestwith human platelets are shown in Figurér8=6) Clot formation of platelets activated with TRBRNdADP was
inhibited by adding APOSEC. This was shown for a maximal anehzakaifal activation dosage protocdleft panel: I) TRA® (L0uM); I1)

TRAFS (10uM) + APOSEC 2*10I) TRAB (5uM); IV) TRA® (5uM) + APOSEC 2*10V) basal/APOSEC 2*1fight panel: 1) ADP (50uM);
1) ADP (50uM) + APOSEC 2#11) ADP (20uM); IV) ADP (20uM) + APOSEG, 2A1basal/APOSEC 2*10

This experiment was repeated using APOSEC produced from pigs and porcine gliglees9)In
both experimental settingg human and porcine; platelet aggregation was effectively reduced by

the preparation, suggesting that the amtbagulatory effect of APOSEC is a stable phenomenon
throughoutspecies.

Figure 9

collagen
o porcine platelets

Transmission (%)

)
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Time (min)
Aggregation experimentgsingporcine platelets angborcine APOSEC showed similar resultgresshuman experimental settingAPOSEC

evidenceda dosedependentinhibitory effect on clot formation.l) collagen (10pug/mL) I1) collagen (10ug/mL) + APOSEEIN¥llagen
(10ug/mL) + APOSEC 1%163:2).
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In addition tothe aggregationexperimentswe evaluatedthe impact of APOSEC aellsurface
bound and secreted activation marketsevels ofcellsurface boundCD62P, CD63 and CD40L were
significantly decreased @t treating platelets wittAPOSE (Figurel0).

Figure 10
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Figure 10 shows surface expression of platelet activation markers. AR@&tEENt of activated platelets resulted in reduced expression
of CD63, CD62P and CD40t8)

Levels of secreted activation markés€CD40L, sCD62P and -ILyWRere lower after treating platelets
with APOSE@s depicted in Figure 1However, this finding did not reach significance due to the
relatively small sample size.
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Evaluation of secreted platelet activation markers is shown in FigureClR40L, sBelectin and TSPwere lower in platelets treated with
APOSEC when compared to control plate{ats3).
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Enhanced VASP phosphorylation by APOSEC

The phosphorylation of VASP is a major inhibitory pathway in platelets.héfefore evaluated if
APOSEC haah influence on the phosphorylatiostate of VASP. Flowytometric analysis using an
antibody that specifically detects the phosphorylation site at the Serin 239 revealed that incubtation
of platelets with APOSHEH to an increase of phosphdA® (Figure 12) This effect was augmented

by addingPGE, whichis knownto deploy its anticoagulatory capacity via the VASP path\g).

Figure 12
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The effect of APOSEC on VAS®sphorylation is depicted in Figure 12. Platelets were analyzed for basal andndGied VASP
phosphorylation in the presence and absence of APOSEBc@mtion with APOSHEom 2*10° cells)led to significantly increaseevels
of phosphorylated VASP (n=8).

APOSEC induces coronoary vasodilation

Since APOSEC consists of a myriad of proteins, it is most likely that more than one mode of action is
responsible for the observed reduction of MVO during AMI. Besides platelsismedor effects are
thought to play a major role in the development of microvascular dysfunatioring AMI. We
therefore investigated, if APOSH@d an impact onthe vasomotor tone. As a first step we
determined known vasodilatory mediators in plasma sde® obtained from the porcine AMI
experiments. Levels of N@G} and VIRvere higher in APOSEC treated animals compared to control
pigs(Figure 13)
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Figure 13 shows systemic levels of vasodilatory mediators in plasma samples obtained after AMI induction. APOSEC thealteid)ipéys
levels of NO, P@and VIP when compared to control animadseiving lyophilized mediurfm=67).

Next we tried to traasfer thisin vivonotion to anin vitro experimental settingTherefore we treated
HUVEC cultures with APOSEC and evaluated its impact on iINOS and gid§Eh@xpression.
Interestingly, cencubation with APOSE@®rivedfrom 2.5*1F cellsresulted in aphosphorylation of
the constitutively expressed eNOS within 60min andeanovoproduction of iINOS within 24hrs
(Figure 14)Thisfinding could beconfirmed when treatingsolated coronary arterial ringsbtained
from hearts of slaughtered pigs with APOSEC
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Figure 14 depts APOSEduction ofiNOS and #£NOS in HUVEC cultures after 60min or 24hrs, respectively (left, n=3). This finding could
be confirmed by immunohistochemical evaluation of isolated coronary rings treated with ABOSEGIUM controlright, n=2).
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In addition,we evaluated veomotor effects ofAPOSEC in myographic experimemggs treated
with APOSEC showed significashsedependentvasodilation immediately after adding APOSE#C
the experiment(Figure 15)This effect was independent of NOS activity, since blocking NQS b
NAME could not abrogate thdilation (Figure 16). A possible explanation for this phenomenon could
be considerable amounts of Nund in APOSEC preparatiof®2*10°/mL: 39.5nM; 1.2*1&/mL:
16.9nM: 0.12*16/mL: 1.3nM).

Figure 15
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Myographic experimets with isolated coronary rings showed a datependent vasodilatory effect of APOSEE7)
Figure 16
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Figure 16 shows that NOS inhibitiondhao effect on the vasodilatory capacity of APOSEC. Blocking NOS activityAWH _could not
abrogate the APOSEC mediated reduction of wall ten(sie8)
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APOSEC from healthy donors, diabetic patients and CHF patients have comparable
features

In a furthe set of experiments we addressed the question whether beneficial effects of APOSEC are
restricted to healthy blood donors. We therefore produced APOSEC from blood donations obtained
from insulindependent diabetic as well as congestive heart failure pagieContents of APOSEC
from healthy, diabetic (DM) and heart failure (CHF) patients were compared by evaluation of
reference cytokines and levels of NO (Figure Wijh the exception of NO, which was moderately
higher in APOSHEOM), no significantly dierences were observetthroughout the three groupsThis

finding was proven in two functional assaysplatelet aggregation andNO%phosphoeNOS

induction in HUVEC cultures. Again, no differences between the three conditions were detectable
(Figure 18).
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Figure 17 shows the evaluation of three refence cytokines and NO in APOSEC preparation from healthy volunteers, diiist&ngati
heart failure patients{=6-7).
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Functional evaluations of different APOSEC preparatize shown in Figure 18. APOSEC (healthy), APOSEC (DM) and APOSEC (CHF)

mediated the same antggregatory effects (n=2) and all three compositions induced similar amounts of INOSe&t@Spin HUVEC
culutures (n=3).
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Discussion

Acute myocardial infarctiors a major health topicworldwide. More than 3 million people eacyear
are estimated tosuffer an acute SElevationmyocardial infarction, andnore than4 million people
experiencea non-STFelevation myocardiahfarction per year(41). Over te last decades, establishing
early reperfusiorof the occludedcoronary artery by interventional means or bydmbolyticagents
has significantlyreduced early mortalityHowever, successful restoration thfe epicardial coronary
artery paency does not always lead #n adequate reperfusion at the microvascular ley42). In
approximately 40%f patients a lack of perfusion at the mircovascular level can be obsé&@ed4).
This microvascular dysfunction is characterized by an increment of mylbsgend was shown to
be associated with poor clinical outcon{d5, 46). In this respet; maintaining or restoring the
microvascular blood flow has become a major topic of interest in resedrohdate, sveral
therapeutic strategies have been suggestatciximab, adenosine, papaverine, itroprusside,
nicorandil, pexelizumabthe peptide FX06, atrial natriuretic peptide, cyclosporinéntermittent arm
ischemia(20, 29).

Since the naeflow phenomenon is strongly linked to an impaired prognogtiss important to
correctly identify affected individualS.here are several strategies to diagnose areftow (29). In
angiagraphic analysis a reduced TIMI flamd a decreasd myocardial blushinglirectly reflect
microvascular blood flow impairmenB0, 35). STsegment resolution of <50% as measured by
echocardiography is closely linked to MM@7, 48). In aout 25% of patients S3egment
abnormalities persist even though coronary blood flow has been restdkéidr the inifal phase of a
myocardial infarction, MVO can be determined by MRI or by myocardial contrast echocardiography
usinggasfilled microbubbleq49). The MRIis nowadays consideredtie clinical gold standartbr the
diagnosis of MV(Duringthe examinationa gadoliniumbased contrast agent is injected and delayed
phase imaging technigue is applied. Since in infarcted myocardium myocytic membranes are
ruptured, a rapid distribution of gadolinium chelates into both the intravascular and extracellular
spacecan be observedin contrast to these hyperenhanced areas, areas ofeflow lack contrast
agent dyeing since the microvasculature is occlugil

We have previouslgvidencedthat the secretome of apoptotic PBM&duces the areas of ischemic
damage after AMI. Litbnauer et al. were able to show thatapoptotic PBMC and their secretome
had an impact on the composition of the extracellular matrix in terms of accumulation of elastic
fibres in the border zone between viable myocardium and the jiafsirction scar(18). In addition to
that, the secretome of poptotic PBMQGvas shown to induce phosphorylation of AKT, p42/p44 extra
cellular signategulated kinases (Erk1/2), p38 MAPK, Hsp2Jurcand CREB in human primary
cultured cardiomyocytes iadosedependent fashion. The expression of aapioptotic proténs such

as Bck and BAG1 was uegulated in APOSHf@ated cardiac myocyteultures(15). This present
work extends the cardioprotective effects of APOSEC fiitfings on MVOTwo aspect of the
complex and stillelusive pathophysiology of MVO were highlighted this study platelets and
vasomotorstate.

Platelets are an important contributor to MViduring AMI. They are components of microembolisms,
frequently occurring in AMI patien{®1) and are responsible for occluding microvasculature even in
remote regions as previously shown Bgrrabeset al. (23). Besides this, activated platelets function
as inflammatory cellg52). The can quickly release preformedemotactic fators, which are stored

in their alphagranules(53). Moreover, platelets modulate thenflammatory responsef other cells
including leukocytesand enddhelium by direct cell contaci{54, 55). These findings have led to
therapeutic applications of blocking ewgfts interacting with platelet activation/aggregatioho date
only abciximab, a monoclonal antibody directed agathstfibrinogenreceptor GPIIgllla, has been
successfully validated in clinical trigs6-60). Thus current guidelines recommend abciximab in
primary PClor STelevated acute coronary syndromeglass Illa recommendatiqel).

In this current study we could shothhat APOSEC inhibiplatelet activation and aggregatian vitro
andin viva One suggested mechanismspmsible for this was an induction of VASP phosphorylation
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by APOSEC. VASP plays a key role during the change from a diestirid stateto an activated
configuration withthe formation of filopodia. This change of configuration is essential to form a
stable clot. The phosphorylated form of VASP inhibits thisharism. Interestingly, in a recent study

by Kohleret al. the phosphorylatiorstate of VASRvas shown to directly correlateith the extent of
myocardial ischemia/reperfusion injuryAn ncrease of intra-platelet VASPphosphorylation
effectively preventedplatelet activation and inhibited plateleteutrophil complex formation. These
findings could be confirmed with VASP knacit animals and by bone marrow chimeric anim@ét®).

In addition, herapeutic augmentation of phosphorylat&ASP using a guanylyl cyclase activator was
shownto be effective in a rodent animal moded AMI(63).

The vasomotor state of the coronary artery system is an important feature during KO
Endothelial dysfunction in the small coronary vdatwre is a majopathophysiologicatomponent

of the noreflow phenomenon(65). During reperfusion the endotheliuns injured by oxygen free
radicals This damage leads impaired endotheliumdependent vasodilatiorn the small coronary
arteries (66). In addition aspirates from coronary arteries contain vasoconstrictor factéugher
contributing to impaired vasodilatiof25). The concepbf increased vasomotor tone in the area of
MVO is supported by several clinical trials, testing different vasodilators durind>@dte the most
promising agent is adenosine. A first trial performedTmgstaand colleagues evaluated the role of
adenosine during AMI(67). 54 patients were enrolled in this placebontrolled trial. 27 patients
received an intracoronargdenosine injection durinBCIl andhe remaining27 patients were treated

with a saline injection. Arintracoronary administration of adenosine/as shown toimprove
microvasculamperfusionleading to an improved clinical course affe€l However, these promising
results could nobe confirmed by larger studies evaluating an intravenous application of adenosine
(68). Nicorandil is a mitochondrial potassium channel opener with a nitrate compantlis a
potent vasodilator. ntravenous administration of nicorandil led to anprovement in microvascular
perfusion, infarct size, andlinical outcomes(69, 70). Intracoronary administrationof ¢ Of I & a A OF f ¢
vasodilators e.gnitroprusside or verapamiled to significant improvementsn coronary flowin
clinical trials(71, 72). Currently, @enosine verapamil or riroprussideare a recommended for the
treatment of noreflow (28).

The data on vasodilation of this work can be divided into two different mechanisms. A direct, short
term effect, as determined byhe coronary ring assays, seems to be mediated by considerable
amounts of NO found in APOSEC preparations. Sindagdthe production process AFEC is
thoroughly dialyzed theoossibility that NO decomposition products are present in AP@8RMe
excluded. Potein adducts of nitric oxidenay representthe biologically active ingredient of APOSEC
regarding direct vasodilatory effectttermediate vasodilatory effects following APOSEC treatment
are linked to phosph@NOS and iNOS inductiofhis finding is essential, since NOS have been
previously shown to contribute to cardioprotectidn3, 74).

An interesting aspect was added to this study by the evaluation of APOSEC produced from diseased
patients. Levels of reference cytokines as well as the impact on two functional assays were
comparable in APOSEC from healthy, diabetic and CHF patients. This is an important finding, because
it extends a possible future allogeneic use to an autologous application. Donor safety, which is a
O2y UAydz2 dzA A & & daeSld bk ByNdssedhyraicB@dMP OIEC & &n autologseising
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PART Il z SECRETOME FROM MONONUCLEAR CELLS ATTENUATES
MYOCARDITIS IN AN EXPERIMENTAL AUTOIMMUNE MYOCARDITIS
MODEL

Introduction

Myocarditis z an autoimmune disease?

Myocarditis is a disease entity characterized by an inflammation of the heart muscle. Since most
cases of this illness have a subclinical course, epidemiological data can only be assumed from post
mortem studies. Myocardial inflammatiazan be foundn 1 to 9 percent of all routine autopsig€g5,

76). The d¢inical presentation of a myocarditiss highly variable ¢ symptoms range from
asymptomatic presentations with subclinical echocardiographic abnormalities to fulminant heart
failures with acute decompensatidii?7).

The cause of myocarditis in the individual patient often remains unknown. However, studies have
implicated a broad range of microorganisms to be associated \withdevelopment of the disease
including viruses, bacteria, protozoa and eyemasites It is generally believed that in most cases a
viral infection is the initiating factor of a myocarditis. Several studies have pointed out the
involvement of cardiotrof viruses, primarily enteroviruses, in the disease. Increased antibody titers
against viral componentsan be frequently foundn the serum of acute myocardit@gatients (78).

More recently viral ribonucleic acid (RNA) could be detected in myocardium of patientsirsyffe
from idiopathic dilated cardiomyopathy79, 80). The current understanding of the etiology of
myocarditis mostly comes from animal models. In these models susceptible strains are infected with
a cardiotropic virus, e.g. encephalomyocarditis virus or coxsackievir(®1)B This leadsa a
mononuclear infiltrateof the heart (NK cells, B cells, T cells) and in most cases viral clearing.
However, a chronic phase can develaich is characterized by the absence of virus but continuing
inflammation. During this chronic phase autoimmurngypelieved to play an important ro(81).

The autammune hypothesis of myocarditis is corroborated by observationsautb-reactive,
cytotoxic T cells as wedls increasedserum auteantibodiesin patients (82, 83). Furthermore an
auto-reactive,mononuclear myocardial infiltrate has been describegast-mortem examinations
corroborating autimmunity in the pathogenesis of myocardifi&b).

Stem cell therapy in inflammatory diseases

The idea to use stem cells to treat inflammatory diseases is baseih @itro observations of
immunomodilatory features of those cells. In emlture experiments with activated lymphocytes
mesenchymal stem cells can supss lymphocytigroliferation in a dosalependent manner84-
86). Additionally, o-culturing experiments omesenchymal stem celigith other cell populations of
the immure sysem resulted inan altered cytokine secretion profile of dendritiells(DC), Tcells(T
helper 1 and2), and natural killer (NKgells (87). The presence ofmesenchymal stem cells
predominantly led to aninduction of an anti-inflammatory, tolerance inducingnilieu in these
expaiments (summarized in Figure 19Ftem cells have been shown tomediate their
immunomodulating effects both via direct agiell interactionsas well asvia secretion of soluble
paracrine factor¢88).
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Figure 19
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Figure 19 summarizesriouseffects of stem cells on different immune cells; adapted fi(88).

The in vitro observedimmunomodulatoryfeatures of stem cellded to experiments irthe field of
transplant research. Mesenchymal stem cedlsluced tolerance in hearttransplantation, islet
transplantationand in skin transplantationmodels (86, 89, 90). Regarding classical autoimmune
diseases stem cells already have proven beneiitigiaft-versushost disease, diabetes, rheumatoid
arthritis and inflammatory bowel diseasé®1-95). Stem cell therapy has also been evaluated in the
setting of myocarditis. Transplantation of mesenchymal stem @atlsnuated the inflammatory
infiltrate and ameliorated functional parameters in a rat myocarditis m¢@&[97).

Stem cell conditioned medium for therapeutic use in inflammatory diseases

Since stem cells have been pem beneficial in treating autmmune diseases anth vitro data
clearly state that some of themain immunomodulatory features are mediatédrough paracrine
mechanismgsthe next logical stepvould beto test conditionedmedium as a therapeutic agent in
inflammatory disorders.However, in contrast to ischemicsdiases only sparse data on this subject
are available in the literature. In a work yargnoniet al. bleomycinrinduced fibrosis could be
effectively treated by an intrapulmonary injection obnditioned medium generated from human
amniotic mesenchymal tsue cells; serving as atem cell sourc€98). In astudyby Ohnishet al.the
development of an autonmune nyocarditis was inhibéd by injection of mesenchymal stem celts.
some supplematary experimentsstem cell conditioned mediurwas tested anccould ameliorate
myocardial damagg7).

Similarities of s ecretome derived from stem cells and peripheral blood leukocytes

The secretome of stem cells comprises of a myriad of components. Protaeoaligsis revealed that

a broad repertoire of trophic and immunomodulatory cytokire® produced by stem cel{89, 100).
Interestingly the pattern of secreted proteins is consistent throughout different stem cell subgroups
(10). In addition to that KorKlingebielet al. have shown that the secretome of bone marrow stem
cells and the secretome of peripheral blood leukocytesian@any respectsomparable. They could
evidence thatthe secreted proteins aremore or lesssimilar in both cell preparations leading to
uniform results in functional assays e.g. endothelial cell proliferation, migration, tube formation and
cell sprouting in a mouse aactring experiment(14). Based on these observations ou@search
group started to experiment witlsecretomes derived from peripheral blood mononuclear cells. We
were able to show that the secretome of apoptotic, irr@gd PBMC could ameliorate the ischemic
damage following an AMLL5). As a possible mechanism a maidn of the inflammatory reaction
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following the ischemic event was suggestéd). In a rat AMI model lower levels of S100b+ dendritic
cells were found imnimalsreceiving viable PBMC or apoptotic PBMC when compared to control rats
(Figure 20).

Figure 20
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Figure 20 depicts expression of S100b+ dendriiis.cAMI ratdreated with control medium(a) had dense clusters of antigen presenting
cells whereas the inflammatory response was abrogated by the injection of y@lle apoptotic(c) PBMC solutions (cells and secretome
¢ adapted from(17)).

The EAM model z role of CD4+ cells

The experimental autoimmune model (EAM) of the mouse firas described by Pommereat al.
(101). The experimental basis of the EAM model is an immunizaifoa susceptible mouse strain
(e.g. Balb/cwith a cardiac specific peptideMyHGh ¢14634. After a twofold subcutaneously injection
of | K2 Y2 tpardragment (MyH 614630 AGSLKLMATLFSTYASRE) together with a
strong adjuvant (complete Frad adjuvant + pertussis toxilmice develop a severe bselflimited
myocarditis(101, 102). The course of the disease can be outlined as follaay: 14 (initiation of
inflammation), day 17 (early inflammation), day 21 (climax aflammation), day 35
(reconvalescence) and day 60 (total recovetyy O2y (N} &ad G2 GKS aOtl &ah
induction by cardiotropic virusesvhich leads to myocardial infiltrations in only a minority of cases,
the EAM method results in the delepment of myocarditis in nearly 100% of animakhe
myocardial infiltratein the EAM modeis dependent onCD4+ cell functiofL03). Depletion of CD4+
cells totally abrogatesthe induction of myocarditisin this model(104-106). The EAM model is
currently considered the best availablanimal model mimicking the chronic autoimmunity
dominated phase of myocarditisSthe mainadvantageof this model is the possibilityo study
pathophysiological processasd treatment effectavithout the use ofan infective agen107).

Apoptosis

Apoptosis is dasicprocessduringwhich cellsRA S a4 NAR OGf & 2 ND prBgiainédi SR> (i
cell deatlt. It is a common feature under normal physiological conditions bulss a frequent
finding in a broad range dliseases.

In contrast to necrotic cell deathwhich is typically caused by exposure @onoxious agent,
programmed cell death is dependent on the initiation of caspases, whicls leadndonuclease
activationwith the consequence of DNA fragmentation and liberatiorigfones.Apoptosis can be
induced by two divergent pathways: an exoges pathway, mediated through death receptoyand

an intrinsic pathway, also termed mitochondriakdiated pathway108, 109).

The exogerous pathway isusuallyactivated by Fas, TNF receptor type 1, death receptor 3, TRAIL
receptor type lor 2. Upon triggeringFasassociated death domain (FADD) recruits caspase 8, which
initiates the apoptotic proteolytic cascade. The mitochondrial pathway is initiated mmyriad of
stress stimuli on the cell e.geactive oxygen species. It is characterizedbwyeltbalanced interplay

of proapoptotic (BH2nly proteins) and amnapoptotic factors (Be2). The mitochondrial pathway
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results in an initial activation of caspas€199). Both active caspases 8 (extrinsic) aaxtive caspase
9 (intrinsic) induce activatioof caspase 3, which is in the final common cell death pathway.
Detection of apoptosis is nowadays simple, since maighly standardized, assagse commercially
available Apoptotic cells careither be recognized bgimple microscoje analysis. Apoptoti cells
look shrunk a deformation of the cell membrane and condensation of the nuclear chronzambe
found. For cells in suspension a flesytometric analysis of apoptosis by Annexin V is nowatlag/s
gold standardEarlyafter the initiation of apoptasis,cells Ise their phospatidylserine (PSWhich isg
under normal conditiong, actively kept on the inner surface of the cell membratwethe outer cell
surface. This translocated®S can be easily detedtea fluorochromeconjugate of Annexin V, a
protein that can bind toPS

In regard to autoimmune diseasapoptosisinduction of auto-reactive effector cells is one possible
therapeutic option.The application of apoptosigducing antibodies has been proven effectivehia
treatment of myocarditig104-106, 110, 111).

33



I I I MEDICAL
UNIVERSITY
OF VIENNA
Aim of the study

The aimof the study was to evaluate the impact of a single higise application of MNC secretome
on the development of myocarditis in the EAM model. We have shavpnevious studiethat MNC
secretome can be easily and safely applied in models of acute myalkcantarction. Sincehe
inflammatory reaction following the ischemic event could bteetively blocked in those studiese
aimed to further characterize possible immunomodulatory features of MNC secretagthe EAM
model is dependent on CD4+ cell &tion, we further planned to evaluate the effects of MNC
secrgome on highly purified CD4+ cailtsvitro.
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Material and Methods

Generation of murine and human MNC secretome

The standardizegroduction protocol oMNC secretomgas developed in our laboratoiit5), had to
be adapted for mouse experiments, since processing pergdhblood samples did not lead to
sufficient numbers of mononuclear cells. Thus, splenocytes were ustelad of PBMCSpleens
were removedrom 10 donorBalb/c miceunder sterile conditions(112). Single célsuspensions were
generated by removing connective tissue and debris usi@uen and subsequenty a40um cell
strainer (BD, NJ, USA). After lysitige erythrocytes (Smga Aldrich, MO, USA)plenocyteswere
resuspended irUltraCultureserumfree medium(Cambrex Corp., North Brunswick, NJ, USA¢Q’
cells/ml). Cells were incubatedbr 24hrsin a humidified anosphere(5% CQ and 37°C)nd the
thereby conditioned medium waslialyzed against ammonium acetate (at a concentration of 50mM
cut-off 3.5kD, sterile filtered, frozen lyophilized and kept at-80°C until further usedMNC
secretome pooled from ten different donor mice was used for the experiments.For in vitro
experiments PBMQ@vere obtained from young healthy volunteers (ethics committee vote:NEK
2010/034).MNC werepurified from venous whole blood sampléy means of Ficoltlensity gradient
centrifugation All other production step were similar to therotocol described abovdialyzed and
lyophilized control medium served anegative control.

EAM model

All animal experiments were performed at the University \Génna, Core unit for Biomedical
Research,with a positive vote fromthe animal experiment committee vfte:66.009/0055
11/10b/2010). Experiments were performed in accordance to the Guide for the Care and Use of
Laboratory Animals by the National Institutes of Health (NIH Publication N83)8EAM was
induced in 68 weekold Balb/c mice by subcutaneous injection of 150ug of the MyHKIyHGh g4
63s AGSLKLMATLFSTYASADor ovalbumin emulsified 1:1 in PBS/CF&giml, H37Ra) with a-7
day interval between injectiongl13). Secretomeof 4*10° or 10*10° syngereic MNC cultures was
intraperitoneallyinjected at different time points (day 0, day 7, day .1Mjjections oflyophilized
unconditionedculture mediumserval as negative control. Micerere sacrified on day 2Xclimax of
inflammation)and hearts were evaluated for myocardial infiltrates

Myocarditis grading

Myocardial infiltratesvere quantified on the basis oematoxylireosin stainsMyocardium affected
by myocarditisvasdefinedby regions showing myocardial hemorrhage, infiltration by inflammatory
cells, and myocardial necrosis. The infiltrates wsteredin a blinded wayby a semiquantitative
scale (0 indicated no inflammatory infiltrates; sinall foci of inflamratory cells between myocytes;

2: larger foci of>100 inflammatory cells;:3<10% of a crossection involved; 4>30% of a cross
section involved), as previously describ@dd 4).

Enzyme-linked immunosorbent assays

Levels of circulating 41i , 16 and TN# in plasma samples obtaingdom miceon day 21were
determined by commercially available ELISA(R&D Systems, Minneapolis, MN, J$dllowing the

Y I ydzF I O dzNBS NXantenh of SFANBEASLA LCP40,cand sCD40OL in MNC preparations was
alsomeasured bymeans ofELISAR&D Systems, Minneapolis, MN, QYSXuto-antibody formation
againstMyHG" ¢14634 Was quantified by a solid phase ELISA. Plates were caatechight with

p >3k Y -head, digsolved inbicarbonate buffer Plasma obtained from mice at day @As

diluted 1:10 for IgM, 1:5@0or 1gG1 1:10 for IgG2a and 1gG2b, and 1:50 for Ig&@asurenent. After
incubating diluted plasma for 24hrs at 4fitonoclonal rat antmouse IgM,IgG1, 1gG2a, IgG2b and
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IgG3antibodies (Pharmingen, CAJSA diluted 1:1000were used as primary antibodies. HRP
conjugaed goat antirat antiserum (Amersham, Biosciess; UK) diluted 1:2000 together witABTS
(60mM/I citric acid, 77mM/l NAHPQ x 2HO, 1.7mM/I ABTS (SigmslO, USA)3mM/I HO,) was
used as the detection system.

Immunostatus

Whole blood samples werebtained12hrs and 36hrs aftemice were treated withMNCsecretome
or medium control (day 14). Erythrocytes were lys&igma,MO, USA)and cell pelletswere

resuspendedn FACS buffer (PBS, 0.1% bovine albumin, 0.1% sedignCellswere stained with
fluorochrome conjugated anti-CD4, antCD8 poth Acris Herford, Germany) and 7

Aminoactinomycin D (AAD;Beckman Coulter, CA, USA). Percentade3D4+cells,CD8+ cellghe

CD4+/CD8+ ratiand percentages of “AADICD4 double positivecells wee determined by flow
cytometry (Beckman Coulter, CA, USA).

Splenocyte proliferation assay

EAM micewere treated with MNC secretomer control mediumat day 14 After sarification at day
21, spleens were homogenizeds described abovend splenocytegl*10°) were co-cultured in a
humidified atmosphere(5% CQ and 37°Cith different concentrations oMyHGh g14634. After five
days ells were pulsed for 18swith ][H]-thymidine (37*10* Bg/well; Amersham Pharmacia Biotech,
Uppsala, Sweden¥lenocyteswere harvested and[H]-thymidine incorporation was meased in a
liquid scintillation counter.

CD4+ cell proliferation assay

PBMC were obtained from blood draws of healthy volunteers by Ficoll density centrifugation. CD4+
cells were purified by negative selection usimgMACS ndouch CD#4 purification kit (Miltenyi
Biotec, Bergisch Gladbach, Germariy)10® highly purified CD4+ celigere either stimulated with
phytohemagglutinin (7ug/y Sigma, MO, USA) a monoclonal antibodyagainstCD3 (10ug/m
Becton Dickinson, NJ, USAYINC secretomeor control medum was added in different
concentrations.Plates were incubated fo days,pulsed for 18rs with *[H]-thymidine and he
proliferative responsavas measure@s described above

Detection of apoptosis

Purifiedhuman CD4+ Tcellsor JURKAT celf8TCC, VAJSA were incubatedat a concentration of
1*10°in a humidified atmospherdVINC secretomef 1.1*1Fcellsor control medium was added and
AnnexinVfluorescein/propidium iodide (FITC/Ajains(Becton Dickinson, Franklin Lakes, NJ, USA)
were performedat different time points (Ohrs, 6hrs, 12hrs, 24hrl) a second set of experiments
apoptosis was monitored bgetermination ofreleased histoned48hrs after adding MNC secreome
Histoneassociated DNA fragments (monand oligonucleosomes) were determiheusing a
commercially available kit (Roche Molecular Biochemicals, Penzberg, Gernkamy)locking
experiments CD4+ cells were greeubated with different caspase inhibitoZVAD, ZDEDV, ZETD,
Z-LEHDpurchased fromR&D,MN, USA for 30min. ThenMNC secretome or contrahediumwas
added In someexperiments neutralizingnti-CD40Lanti-TRAIL1anti-TRAIL2anti-FASLanti-VEGF,
anti-IL8,anti-ENA78anti-MMP9or antiisotype antibodies were added

Statistical analysis
Results are depicted as meassandard error of the mean andevels of significances were
determined bystudent’s ttest. Data analysis was performed with SPSS 18.0 (SPSS inc., United
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Results

MNC secretome attenuates myocardial infiltrate

Based on the primary hypothesis of this study we tested the impact of MNC secretome on the
development of myocarditis in the EAM mod&lince no data exist on the optimaine point of
treatment using immunomodulatorgonditioned mediumwe injectedMNC secretomend control
medium at different time points. An intraperitoneapplication of MNC secretome during
sensitization (day O or dag) had no impact on the development of a myocardial infiltratay( O:

MNC secretome 2.& 0.6 control medium:2.3 + 0.6 p=0.606;day 7: MNC secretome.B+ 0.3
control medium:34 % 0.5; p=0.638 although the application of a higose therapy at day’
seemed to have a beneficieffect (Figure 2).

Figure 2
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Figure 2 depictsmyocarditis scores of explanted hearddNC secretome applied during the sensitization process (day 0 and day 7) had no
impact onthe development ofmyocarditis (n=410).
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However, an injection of MNC secretome on day 14 resulted in a significant reduction of the
myocarditis score (MNC secretomel & 0.0 control medium: 2.4 0.4 p=0.0001; Figure 22

Figure 2
| day 0 day 7 day 14 day 21 |
4=
s e

myocarditis score
o

Histological evaluations of nddreated on day 14 are depicted in Figuz Zhe myocarditis score was significantly lower in mice treated
with MNC secretome during a full blown myocarditis when compared to untreated or medium treated a(liftssecretome: 0.1 + 0.0;
control medium:2.4 + 0.4; p=0.000h=410).

A thorough histological worldp revealed dense lymphocytic infiltrates in the hasat control mice,
whereas only sparse areas of inflammation and necrosis could be found in MNC secretome treated
animals as depicted in Figa 23.

Figure 23

medium MNC secretome
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Two representative H&E stainings are shown in Fig8réA2medium treated animal evidenced a dense lymphocytic infiltrate whereas the
MNC secretome treated mouse had a more or lasffected myocardium.

Systemic inflammatory reaction is dampened by MNC scretome

In a next step wanalyzedblasma samples obtained on day 21 for inflammatory medigfoki® , IL-
1 and IL6). In all of our samples levels of TNWwere below the detection limit of the ELISA kit
Levels of H1i and I1-6 were lower in MNC treated animals when compared to confifféigure 2).
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IL-6

Figure 2 depicts systemic levels of inflammation-1L and 16 were lower in plasma samples obtained from MNC treated mice when
compared to untreated animalél-1 : 107.9+35.5 vs. 43.7+19.5:6L.45.9+33.7 vs.9.6+3; n=6).

Auto-antibody formation isa common featureduring myocarditis and has been previgudescribed

in the EAM mode(114). We therefore determined levels of amlyHGN 614634 antibodies in plasma
samples obtained on day 21. Immunoglobulin subclasses were analyzed by means ofphasaid
ELISAAuto-antibody formation could be observedn both groups (MNC secretonteeated and
medium controls). However,lower levels of IgM and 1gG1 were found in treated animals than in
control animalsalthough these differences did not reach significance. Levels of 1gG2a, 1gG2b and
1gG3 againdlyHGh g14.634 Were similar in both group(Figure25).
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Levels of autantibody formationare shown in Figure2 MNC treated mice had lower levels of IgM and IgG1. Levels of IgG2a, IgG2b and
19G3 were unaffected by the treatme(rt=6)
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Splenocyte proliferation to MyHC -] 6147634 iS impaired in MNC secretome treated animals

Previous studies have shown that the proliferative response of splenocytes to the myosin peptide is
strongly linked to the development of a myocardial infiltratethe EAM mode(114, 115). Splesns

were obtainedon day 21from animals treated witfcontrol medium or MNC secretoméplenocytes

were resstimulatedin vitrowith different concentrations oMyHG" ¢14.634. The proliferative response

to the peptidewas significantly impaired in splenocytes from mice treated with MNC secretome
when compared to splenocytes obtained from control miEggy(re B).
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Figure B shows proliferation experinmgs. Splenocytes treated with MNC secretome had a reduced proliferative capacity when stimulated
with different concentrations oMyHGh ¢14634. Control splenocytes obtained from untreated mice showed a strong proliferative response
to the peptide(n=56).

Anti -proliferative effects of MNC secretome on CD4+ cells

The development oA myocardial infiltratds strongly linked to CD4+ cell functionthe EAM model
Therefore, the effect of MNC secretome on CD4+ cellsfwéser evaluated inin vitro experiments.
CD4+ cells were purified from healthy volunteers and the effect of MNC secretome on their
proliferative capacity was evaluated by incorporation’f]-thymidine. CD4+ cell proliferation was
dosedependently inhibited by treating cells with MNC sdoree in PHA and anttD3 induced
proliferations Figure Z).

Figure 7

PHA stimulation anti-CD3 stimulation

100

100+

e (-
2 2
= =
o o
1 1
£ £
S 50- S 50-
& a
ES ES
0 0
N & o o "N o @ @
F &/ S
S &+ o o+ S & o+ 4 o+
& F oAt W & P Wt v e
S e~ ¥ v L o~ & oV
¢ & e & & e AN
() & & o' @
Gl & e O &
& & o° O
& @ £ &
Cr i
‘\Cr o° &f ‘\O o7 &F
& @ » & @
* § 8

Figure Z depicts stimulation experiments of purified human CD4+ cells. Cells treated with MNC secretome had a significantly impaired
proliferative response to PHA and atD3. Thseeffectswere observed in a dosdependent manner (n=5).

41



MEDICAL

UNIVERSITY

OF VIENNA
Impact of MNC secretome on viability of CD4+ and JURKAT cells

We evaluated the impact of MNC secretome on cell viability by means of flow cytometry and
measuements of histone release. Purified €D cells were incubated with the cqound and
Annexin V/PI stainsiere performed. MNC secretome induced apoptosis in CD4+ cells and JURKAT
cells (Figure 3). To prove that this was specificapoptotic and not a necrotiprocessdue to
possibletoxic compments of the secretome we added a paitaspase inhibitor to the experiments.
Histonerelease was completely blocked by pneubation of cells with -XAD for 30mir{n=2)

Figure B
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Figure B summarizes the apoptotis inducing capacity of MNC secretoméndcliation of purified human CD4+ cells and JURKAT cells
resulted in an induction of programmed cell death. This was shown by flow cytometric analybistaneé release assays (82

Caspase blocking experiments

To define whether the induction of apoptosis is mediateg the external or the mitochondrial
pathway, caspas®, caspasé and caspas8 were selectively blocked by commercially available
caspae inhibitors. Preéncubation of purified CD4+ T cells with casp@sand caspas8 but not
caspase9 resulted in a significantly reduction of Annexin positivity. These findings suggest that the
external pathway is involved in MNC secretemediated apoptsis Eigure 3).
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Results of caspase blocking experiments are depicted in FigurBreincubation of CD4+ cells with a paaspase, a caspaSeand a
caspases inhibitor could abrogat¢he proapoptotic effects oOMNC secretome, whereas caspgsbélocking was ineffectiv@g=8)

Evaluation of the MNC secretome for known apoptosis inducing factors

Next wesoughtto determine known apoptosisducirg factors in the MNC sedi@me. Interestingly,
only low concentratios of TNF', sCD40L, sFA®re present in the compound.evels of SFASL were
below the detection limit of the utilized ELISA system (Tahlén5ddition,purified CD4+ cellso-
incubatedwith blocking antibodies directed against CD40L, TRARA|JL2, FASVEGF, IL8, ENA78
and MMP9 did not result in a reducedstone releaseafter MNCtreatment (Figure 3(. Therefore,
the pro-apoptotic capacity of MNC secretomeust bemediated by(a)still unknown factofs).

Table 5
MNC secretome
TNF-a (pg/mL) 6.6+2.1
sCD4O0L (pg/mL) 288.1+101.4
sFAS (pg/mL) 25.4+18.2
sFASL (pg/mL) n.d.

Table 5 summarizes results froewaluations of known apoptosis inducing factors in MNC secretome. Only low concentrations-of TNF
sCD40L, sFAS were present in the compound (n=4).
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Figure 30
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The effect of using various blocking antibodies on the histone release of putifield cé$ is shown in Figure 3®Blocking of CD40L,
TRAILL, TRAIL2, FASL, VEGF, IL8, ENA78 and MMP9 had no impactsanett@mediated apoptosis induction (n=4).

CD4+/CD8+ cell ratio is reduced in MNC secretome treated animals

Based orthe in vitro findings showing that MNC secretome induced apoptosis in purified CD4+ cells,
we performed a small immunostatus in EAM mice. We measured CD4+ and CD8+ cells 12hrs and
36hrs after treating animals with MNC secretome or control medium. Thet/CD#&t ratio was
reduced in mice receiving the compound when compared to control animals (12he€.2.¢s.
1.7+0.4; 36hrs: 2.922 vs. 2.60.1). Additionally, numbes of 7-AAD positive CD4+ cellgere
heightened in MNC secretome treated animals when compared to the control dfalye 6)

Table 6
12hrs CD4+ (%) CD8+ (%) CD4/CD8 ration | CD4+/7-AAD pos
medium 19.9+1.3 10.8+1.9 2.1+0.3 8.110.7
MNC secretome 13.3x1.0 9.3+x2.0 1.7:0.4 8.8+2.8
36hrs CD4+ (%) CD8+ (%) CD4/CD8 ration | CD4+/7-AAD pos
medium 23.9+1.6 7.4+1.1 2.9+0.2 5.440.5
MNC secretome 19.1+2.4 9.£30.5 2.0£0.1 10.6£1.1

Table 6 shows flow cytometric analysisblood samples obtained frolBAMmice. MNGsecrebme treated mice showed trend towards
decreased CD4+ cell wits and higher numbers of CD4+AAD positive cells. This observation, however, did not reach significance

(n=45).

44




I I I MEDICAL
UNIVERSITY
OF VIENNA

Discussion

Myocarditis is one of the leading causes for dilated cardiomyopathy and therefore a major health
issue worldwide. The pathophiology underlying the disease is still not completely understood,
however, autoimmunity is considered a key factoth persistence of thenyocardialinflammatory
damage. According to ik hypothesis the idea emerged that myocarditis can be cured by
immunosuppression. A very early attempt in this directwere studies orglucocorticoid treatment

in the late 809116). In a first randomized controlled trial, Paritb al. evaluated 102 patients with
dilative cardiomyopathy. 60 of the patients included in the study had an evidence of inflammation,
62 patients lad no evidence of inflammation in endomyocardial biopsies. Both groups were
randomized to receive either prednisolone or no prednisolone. Although a higher percentage of
patients receiving prednisolone in the inflammatory group initially had better leftri@ular ejection
fractions, this effect evened out at the 6 and 9 months evaluatpnmost likely due to spontaneous
restoration of cardiac function in the control group.

The Myocarditis Treatment Trial (MTT) was the next large randomized controfiédddressing the
guestion of immunosuppression in the treatment of myocarditis. A placebo group was compared to a
group receiving prednisolone and azathioprine or prednisolone and cyclospdrdn® The mean
change in left ventricular ejection fraction at 28 weelkd dot differ between the group of patients

on immunosuppressive therapyand the control group. These two studies suggest that
immunosuppression should not be prescribed for the routine treatment of acute, viral myocarditis,
and immunosuppressive regimetigerefore not recommended in the guidelin€kl8, 119).

In contrast to this, immunosuppression may be beneficial during the chronic phase of myocarditis.
Wojnicz et al. treated patients with chronic myocarditis, proven by increased human leukocyte
antigen (HLA) expression on heart biopsy, with either pigmlone and azathioprine or placebo for
three months. Left ventricular ejection fraction improved significantly in the immunosuppression
group, even two years after treatmeif120). This finding could be confirmed by Frustecal (121,

122).

The development of myocarditis animal models led to further insights in the pathophysiology,
diagnosis ad treatment of the disease. Clinical observations in patients suffering from dilative
cardiomyopathy evidenced increased levels of @il antibodieq123). This finding was translated

into animal models, injecting mice strains of cardiotropic viruesg. encephalomyocarditis virus or
coxsackievirus B. Severe myocarditis was induced in silseemouse strains e.g. BALB/c, DBA/2,
and C3H/He mic€l24). However, the demlopment of a myocardial infiltrate was not a stable finding
and was influenced by many host factors including malnutrition, exercisesesexiormones and age
(81,125, 126). The EAM model is based on a different assumption and concentrates on autoimmune
aspects of myocarditis. It was first described by Pommeter. (101). Ly O2y (i N} &ad (G2 (GKS
way of myocarditis induction by cardiotropic viruses which leads to myocaidiabge in only a
minority of cases, the EAM method results in the development of myocarditis in nearly 100% of
animals. CD4+ cells are considered pivotal in the EAM model, since depletion of CD4+ cells
completely abrogates myocardial infiltratigh03).

SinceCDA4+ cells play a key role in the EAM model we performed proliferation experiments of highly
purified CD4+ cells treated with MNC secretome. The proliferative response toward€DRti
stimulation and in a mixed lymphocyte reaction was ddspendently inlibited by adding MNC
secretome to the experimental setting. The reason for this dampened proliferative response was a
strong and stable induction of apoptosis via the external pathway of apoptosis.

Auto-antibody formation is a well described feature in thathogenesis of myocarditis. Antibodies
against a wide range of receptors, mitochondrial and contractile proteins have been found both in
humars and in animal model§127). Myosinspecific antibodies are detectable in 46% of sera from
patients sufferingrom a dilative cardiomyopathy in western blot analy@i28). In contrast to that,
auto-antibody formation is not directly involved in the pathophysiology of myocardial infiltrates in
the EAM model. Bell defcient mice still develop a myocardi(is14). However, levels of anthyosin
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antibodies can be considered a surrogate marker to monitor disease seirettig EAM model. In

our study decreased circulating amtiyosin Ig@and IgM together with reduced levels oflL and

IL-6 underline the therapeutic effect of MNC secretome.

A therapeuticT cell depletion was shown to be an effective way to reduce mgoemladamage in
animal models. Rats treated with an a@D4 monoclonal antibody had significantly improved
functional parameters in echocardiographical evaluations. In addition, lymphocytes obtained from
treated animals showed no proliferative responsgeain vitro stimulation with a myosin fragment
(104, 106). In a tedious work by Valapest al.the importance of CD4+ cell function wasdaessed

by showing that injection o€D11b+ monocytes, suppressed the CD4+ dependent, Mgpkcific
autoimmune respons€103). These findings are supported by the clinical observation that T cell
depletion is a possible rescue therapy for fulminant autoimmune myocaf(ditig 111, 129).

To the best of our knowledge this is the first study evaluating immunosuppressive features of a high
dose application of MNC secretome in the murine EAM model. Further studies in large animal
models are warranted to pegiuate the concept of using MNC secretome for the treatment of
myocarditis and extrapolate our findings to other autoimmune diseases.
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CONSIDERATIONS ON USING PBMINC SECRETOME FOR
THERAPEUTIC PURPOSES

Secretome research and the application aanditioned medium for the therapy of ischemic and
inflammatory diseaseis a fast growing fielaf regenerative medicinelnitially only secretome
derivedfrom stem cells have been investigatdthwever,increasing evidence can be found in the
literature that the beneficial effects of secretome therapy is not restricted to stem cells. We and
others have showihat the secretome of stem cells only marginally differs from the secretome of
other cell typeg(14, 15, 98). The major advantage of usiRBMCMNCinstead of stem cells is that
they can be obtained by ansple blood draw. Merefore PBMCMNC secretomecan be produced
easily and in large quantities. The dialysisd adyophilization process wasnplemented ina
standardized production process be able to store the compoundntil needed. This makes an off

the shelf utilization possible, an important aspect for a lat@ricalapplication

Using conditioned mediumstead of cells for therapeutic purposes has another major adjvantage:
as a celfree treatment, the risk of adverse immunologic reacti@e minimaj infectious risks and
other potential longterm negative effects caused by the presence of exogenous call be
minimized

Nearly d of the experiments showin this workwere performed with secretome obtained in an
allogeneic fashion from healthy individualBhe question whetheMNC secretome obtained from

e.g. patients during AMI have the same effectcisrently addressed in our laboratonif both,
secretome from helthy and diseased individuals are similar effective, an autologous application
would be the next logical step.

In the clinical scenario MN€ecretome- I & | & 0 Acarf b Fekoddtittitéd in physiological
saline solution and administered likeconventional intravenous infusion therapy. Comparable blood
derived productse.g. intravenous immunoglobulin preparationsr plasma derivedcoagulation
factors have confirmed the clinical usefulness over the last decadBgfore testing PBMC/MNC
secretome in humans some important items have to be addressed. The complete production process
has to comply with good manufacturing practice (GMP) guidelines. Viral inactivation step$ohbe
introduced and since secretomes are produced from different donors, tests evaluating the
reproducibility of effects have to be included in a quality control protocol. This will hopefully lead off
an approval of the medical authorities and pave thay for first phase /1l clinical trials.
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Abstract  Although epicardial blood flow can be restored
by an early intervention in most cases, a lack of adequate
reperfusion at the microvascular level is often a limiting
prognostic factor of acute myocardial infarction (AMI).
Our group has recently found that paracrine factors secre-
ted from apoptotic peripheral blood mononuclear cells
(APOSEC) attenuate the extent of myocardial injury. The
aim of this study was to determine the influence of APO-
SEC on microvascular obstruction (MVO) in a porcine
AMI model. A single dose of APOSEC was intravenously
injected in a closed chest reperfused infarction model.
MVO was determined by magnetic resonance imaging and
cardiac catheterization. Role of platelet function and
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vasodilation were monitored by means of ELISA, flow
cytometry, aggregometry, western blot and myographic
experiments in vitro and in vivo. Treatment of AMI with
APOSEC resulted in a significant reduction of MVO.
Platelet activation markers were reduced in plasma samples
obtained during AMI, suggesting an anti-aggregatory
capacity of APOSEC. This finding was confirmed by in
vitro tests showing that activation and aggregation of both
porcine and human platelets were significantly impaired by
co-incubation with APOSEC, paralleled by vasodilator-
stimulated phosphoprotein (VASP)-mediated inhibition of
platelets. In addition, APOSEC evidenced a significant
vasodilatory capacity on coronary arteries via p-eNOS and
iINOS activation. Our data give first evidence that APOSEC
reduces the extent of MVO during AMI, and suggest that
modulation of platelet activation and vasodilation in the
initial phase after myocardial infarction contributes to the
improved long-term outcome in APOSEC treated animals.
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Introduction

Myocardial infarction remains one of the major health issues
worldwide. Early reperfusion of the culprit coronary artery
within a narrow time window by percutaneous coronary
intervention (PCI) and fibrinolytic agents has significantly
improved early mortality [59]. Although tremendous efforts
have been made in replacing infarcted myocardium, so far
no therapy has proven effective in clinical application. The
induction of myocardial repair by progenitor cells was
suggested a promising strategy based on encouraging data
from animal models [15, 23, 47, 48, 63]. However, the
efficacy of stem cells as therapeutic agents in human AMI is
currently under scrutiny [22, 26, 40, 62]. Based on recent
observations showing that the infusion of cultured apoptotic
peripheral blood mononuclear cells (PBMC) was able to
prevent experimental AMI in rodents [4, 38] we speculated
whether paracrine factors secreted from PBMC—termed
APOSEC (abbreviation for APOptotic cell SECretoma)—
are capable to attenuate AMI in a rodent and in a closed
chest porcine ischemia‘reperfusion AMI model. By a single
intravenous infusion of APOSEC, scar tissue formation was
significantly reduced. Additionally, an improvement of
haemodynamics with higher values of ejection, and a better
cardiac output was found in magnetic resonance imaging
(MRI) analyses. A possible mode of action was suggested by
showing that co-incubation of primary human cardiomyo-
cytes with APOSEC led to an activation of pro-survival
signalling-cascades {AKT, Erkl/2, CREB, c-Jun), and
increased anti-apoptotic gene products {Bcl-2, BAG-1) in
vitro, consequently protecting cardiomyocytes from starva-
tion-induced cell death [39].

However, this ascribed mechanism only partially
explains the beneficial effects of the “biological” APOSEC
in AMI. Although coronary blood flow is re-established
after PCI, no-reflow phenomena impair the beneficial effect
of reperfusion due to microvascular obstruction (MVO)
[51]. The two major pathophysiological mechanisms
associated with MVO are enhanced platelet activation in
the microcirculation and coronary vasoconstriction. Clini-
cal reports have evidenced that platelet activation is
directly correlated with the severity of myocardial damage
after AMI [8, 16, 17]. Besides, there is sufficient evidence
that the vasomotor state in the coronary vasculature is
closely linked to the no-reflow phenomenon [30, 60].
Based on these accepted pathophysiological concepts we
speculated whether APOSEC treatment has an effect on the
development of hypoxia-induced MVO.
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Here, we provide evidence that intravenous application
of APOSEC attenuates myocardial infarction by reducing
MVO in a porcine closed chest ischemia/reperfusion AMI
model. Moreover, we show that APOSEC is an anti-ag-
gregatory compound and has vasodilatory properties.

Materials and methods
Generation of porcine and human APOSEC

For large animal experiments, blood was obtained from
pigs by direct heart puncture under sterile conditions.
Peripheral blood mononuclear cells were purified by
Ficoll-Paque (GE Healthcare Bio-Sciences AB, Sweden)
density gradient centrifugation. Apoptosis of PBMC was
induced by Caesium-137 irradiation with 60 Gray (Gy) and
PBMC were resuspended in CellGro serum-free medium
(Cell Genix, Freiburg, Germany; 25 x 10° cells/ml). After
incubation for 24 h supernatants were dialyzed against
ammonium acetate (at a concentration of 50 mM), sterile
filtered, frozen and lyophilized. APOSEC from four dif-
ferent donor pigs were pooled for further experiments.
For in vitro experiments PBMC obtained from young
healthy volunteers (APOSEC healthy), patients suffering
from insulin-dependent diabetes (APOSEC DM), or
patients with congestive heart failure NYHASTI
(APOSEC CHF) were used (ethics committee vote: EK-Nr
2010/034; 2009/352). Secretome was produced according
to the protocol described above; cells were cultured at a
concentration of 1 x 10° cells/ml for platelet and a con-
centration of 2.5 x 10° cells/ml for HUVEC experiments.
UltraCulture (Cambrex Corp., North Brunswick, NJ, USA)
served as the carrier medinm. APOSEC pooled from six to
seven donors was used for the respective experiments.

Porcine closed chest reperfused infarction model
and administration of APOSEC

Animal experiments were approved by the University of
Kaposvar, Hungary (vote: 246/002/SOM2006, MAB-28-
2005). Two experimental settings were designed (Fig. 1).
Pigs (female large whites weighing approximately 30 kg)
received 75 mg clopidogrel and 100 mg acetylsalicylic
acid as a premedication. At the day of intervention animals
were sedated with 12 mg/kg ketamine hydrochloride,
1.0 mg/kg xylazine and 0.04 mg/kg atropine. A Maverick
balloon catheter (diameter: 3.0 mm, length: 13 mm; Bos-
ton Scientific, Natick, USA) was inserted into the left
anterior descending artery (LAD) and inflated after the
origin of the second major diagonal branch; ST segment
abnormalities were recorded by electrocardiography
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Fig. 1 Flow charts of the two

. X APOSEC
experimental settings of the | - after n=9
porcine acute myocardial Balfot(;n i;cDIu:mn 40 minutes reperfusion Cardiac MRI evaluation
: . : of the or
infarction experiments . administration of (after 3 days)
90 minutes Control medium
n=7
APOSEC ‘ Heart cath examinations ‘
Balloon occlusion after n=6 "
40 minutes reperfusion
of the LAD for ‘ ECG / Holter ECG ‘
i administration of
90 minutes Control medium
n=7 ‘ Repeated blood draws ‘

(ECG). ST-segment resolution was calculated as an
ST-segment decrease of >50 % of the initial ST-segment
elevation. Additionally, pigs were monitored by Holter
ECG during ischemia and until 60 min after reperfusion
(Gepa-Med, Vienna, Austria). Forty minutes after the start
of the LAD occlusion, the lyophilized secretome from
1 x 10 irradiated apoptotic porcine PBMC or Lyophilized
serum-free cell culture (resuspended in 250 ml of 0.9 %
NaCl solution) was administered intravenously over
25 min. After 90 min occlusion, the balloon was deflated
and reperfusion was established. Control coronary angi-
ography was performed to prove the patency of the infarct-
related artery and to exclude arterial injury. Euthanasia was
performed by the administration of saturated potassium
chloride 24 h or 3 days after AMI induction.

Magnetic resonance imaging

MRI imaging was performed on day three with a 1.5-T
clinical scanner (Avanto, Siemens, Erlangen, Germany).
Planimetric analysis of MRI images was performed using
QMass software (Medis, Leiden, The Netherlands). Simi-
larly to other studies [2], the presence of MVO was eval-
uated by observing the late hypo-enhancement within a
hyper-enhanced region on late enhancement MRI images,
10 min after the administration of intravencus Gadolinium
based contrast agent. Previously, infarcted areas were
semi-automatically segmented by thresholding the left
ventricular myocardium to the mean +2 x SD values of
unaffected myocardiom. MVO was manually assessed for
each subject when areas within the infarcted areas pre-
sented low signal intensity (ie., “dark zones” within
“bright” zones). Manual planimetry was used to define the
area of MVO for each slice and then areas were multiplied
by the slice thickness (8 mm) to get volumetric measure-
ments. Results are given in volume values (em®).
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Bari score analysis

To verify comparable basic conditions between groups
prior to balloon occlusion, Bari scores were calculated for
all animals based on LAD and CX pre-occlusion angio-
gram according to the method previously described [49].

APOSEC content evaluation

APOSEC produced from healthy donors, diabetic patients
and CHF patients was evaluated for levels of IL-8,
ENA-78, VEGF (all Duoset kits, R&D systems, Minne-
apolis, USA) following the manufacturer’s instructions.
Nitric oxide {(NO) was determined by measuring decormi-
position products nitrite and nitrate with a commercially
available colorimetric assay kit (Abcam, Cambridge, UK).

In vivo platelet function during ischemia/reperfusion

Plasma samples (3.8 % trisodium citrate tubes) were
obtained by a venous draw before occlusion (0 h), before
balloon deflation (90 min), after reperfusion (240 min) and
after 24 h. Secreted platelet activation markers sCD40L,
sCD62P, platelet factor-4 (PF-4) and thrombospondin-1
(TSP-1) were measured using commercially available
ELISA kits (Uscn, Wuhan, China).

In vitro platelet function analyses
Human platelet isolation

Blood was drawn from eight healthy human volunteers,
who declared to be free of any medication for at least
2 weeks. All blood donors gave their informed written
consent to the study. They were venipunctered with a 20-G
needle and the blood was anticoagulated with one/ten
volume of 3.8 % (w/v) trisodium citrate. Immediately after
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collection, blood was centrifuged at 125 g for 20 min to
obtain platelet rich plasma (PRP). To avoid contamination
with other cell types only the upper two-thirds of the PRP
fraction were used. Platelets were purified by gel filtration
using Sepharose 4B columns with HEPES-Tyrode buffer
containing 0.5 % human serum albumin as previously
described [6]. Experiments with porcine platelets were
performed with platelet-rich plasma.

Measurement of platelet activation

Isolated platelets were pre-incubated with APOSEC of
2 x 10° cultured cells for 10 min and then stimulated for
5 min with thrombin receptor-activating peptide TRAP-6
(BACHEM, Basel, Switzerland), adenosine diphosphate
(ADP; Sigma-Aldrich Corp., St Louis, MO, USA) or col-
lagen (MoeLab, Langenfeld, Germany). Platelets were then
either incubated with PE labeled anti-CD62P antibody,
FITC-labeled anti-CD63 or FITC-labeled anti-CD40L
(Becton-Dickinson, Austria) for 30 min, followed by fix-
ation in 1 % formaldehyde and then analyzed by flow
cytometry (FACSCalibur, Becton-Dickinson, Austria).

Platelet aggregation experiments

Platelet-rich plasma was stirred in the presence or absence
of APOSEC from 2 x 10° cultured cells in an optical
4-channel aggregometer (490-4D, Chronolog Corp., Hav-
ertown, PA, USA) at 37 °C for 5 min, thereafter the indi-
cated agonists were added and changes in light
transmission recorded over 10 min. After this period, the-
ophylline (300 pM) and adenosine (500 pM) were added
to stop further activation. Platelets were centrifuged at
1,000 g for 2 min to obtain supernatant which was ana-
lyzed for soluble CD62P, soluble CD40L and thrombo-
spondin (TSP-1} content. ELISA tests for sP-selectin
(Quantikine; R&D Systems, Minneapolis, MN, USA) and
sCD40L (Bender MedSystems, Vienna, Austria) were
performed according to manufacturers’ instructions.
Thrombospondin-1 was determined by immunoblotting, as
previously described [58].

Quantification of intraplatelet VASP phosphorylation

Isolated platelets were incubated with different concen-
trations of prostaglandin E; (PGE,;) and APOSEC
2 x 105) for 2 min followed (if indicated) by 3 min of
incubation with ADP. Cells were fixed in 1 % formalde-
hyde for 10 min, permeabilized with 0.5 % triton X-100
and incubated for 45 min with monoclonal antiphospho
VASP antibody, clone 22E11 (nanoTools, Teningen, Ger-
many}, which detects VASP phosphorylation at serine 239.
After a washing step, platelets were incubated with
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secondary fluorescein isothiocyanate (FITC) conjugated
polyclonal anti-mouse IgG antibody (Becton-Dickinson)
for 30 min and analyzed by flow cytometry.

In vivo measurements of vasodilatory mediators
during ischemia/reperfusion

Plasma samples (3.8 % trisodium citrate tubes) obtained
before LAD occlusion, 90 min after occlusion, after
reperfusion and 24 h after AMI induction were evaluated
for different vasodilatory mediators. Systemic levels of
prostacyclin (PGI,) and vasoactive intestinal peptide (VIP)
were determined by ELISA technique (Uscn, Wuhan,
China; antibodies-online, Aachen, Germany). Nitric oxide
was determined as described above.

In vitro analyses of vasodilatory effects of APOSEC
HUVEC culture and immunoblot aralysis

Primary human umbilical vein endothelial cells (HUVEC)
were obtained from CellSystems (CellSystems Biotech-
nologie, Troisdorf, Germany) and cultured in endothelial
cell growth medium (EGM-2, Lonza, Basel, Switzerland)
at 37 °C. For Western Blot analysis, 3 x 10° cells were
seeded in six-well plates and cultured in EGM-2 medium.
24 h later, cells were incubated with lyophilized APOSEC
from 2.5 x 10%cells or lyophilized control medium,
resolved in EGM-2 medium without growth factors, for
60 min (phospho-eNOS detection) or 24 h (iNOS detec-
tion). Western blot analysis was performed as described
previously [45]. Briefly, HUVEC were lysed in SDS-PAGE
loading buffer, sonicated, centrifuged, and denatured
before loading. SDS-PAGE was conducted on 8-18 %
gradient gels (GE Healthcare, Uppsala, Sweden). The
proteins were then electro-transferred onto nitrocellulose
membranes {Bio-Rad, Hercules, CA, USA). Immunode-
tection was performed with either a rabbit polyclonal anti-
inducible nitric oxide synthase (iINOS) antibody (Cell
Signaling Technology, Inc., Danvers, MA, USA), phospho
e-NOS antibody (Cell Signaling Technology, Inc.) or a
mouse monoclonal anti-GAPDH antibody (Acris, Herford,
Germany) followed by horseradish peroxidase-conjugated
goat anti-rabbit or goat anti-mouse IgG antisera (both
1:10,000; GE Healthcare). Reaction products were detected
by chemiluminescence with the ChemiGlow reagent
(Biozyme Laboratories Limited, South Wales, UK)
according to the manufactarer’s instructions.

Coronary perfusion assay

Coronary perfusion assay was performed as described
previously [1]. Hearts were obtained from untreated,
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sacrificed domestic pigs and transferred to the laboratory in
a modified Krebs-Henseleit buffer solution. Coronary
arteries were dissected from the heart and cut in 4 mm
thick rings. Each coronary segment was mounted in a
temperature-controlled 10 mL tissue bath containing a
modified Krebs-Henseleit buffer solution. To measure cir-
cular wall tension, the rings were suspended between two
L-shaped pins in a myograph. After approximately 1 hour,
vessels were contracted with endothelin-1 (30 nM; Cal-
biochem, Darmstadt, Germany). APOSEC was added to
the probes in different concentrations (dose escalation) and
changes in arterial wall tension were measured. In some
experiments NOS inhibitor L-NG-Nitro arginine methyl
ester (L-NAME) was added.

Immunohistochemical evaluation of covonary rings

Coronary rings isolated according to the above described
procedure were incubated for 60 min in the presence or
absence of APOSEC. Rings were fixed in 10 % neutrally
buffered formaldehyde solution and embedded in paraffin.
The tissue samples were stained with hematoxylin—eosin
(HE). For immunohistochemical stainings an antibody
recognizing eNOS, phosphorylated at Ser 1,177 (Biorbyt,
Cambridge, UK) was applied. Tissue samples were eval-
uated on an Olympus AX70 microscope (Olympus Optical
Co. Ltd., Tokyo, Japan) and captured digitally using Meta
Morph v4.5 software (Molecular Devices, Sunnyvale,
USA).

Statistical analysis

Results are depicted as mean + standard error of the mean
and were analyzed by student’s 7 test or repeated measures
analysis of variance (ANOVA) followed by Bonferroni
correction. Data analysis was performed with SPSS 18.0
(SPSS inc., United States). A p value less than 0.05 was
regarded as statistically significant (asterisk indicates
p < 0.05; double asterisk indicates p < 0.01).

Results
APOSEC reduces MVO in a porcine AMI model

APOSEC has recently been shown to effectively reduce
myocardial damage during AMI [39]. To define the impact
of APOSEC on MVO, pigs were evaluated 3 days after
myocardial infarction by MRIL. Areas of MVO were sig-
nificantly lower in pigs treated with APOSEC when
compared to control animals (Table 1; APOSEC:
03 £+ 0.1 cm®; control: 0.8 £ 0.1 cw®; p = 0.04). This
finding was confirmed by cardiac catheterization, as the

81

Page 5 of 14
Table 1 MVO analysis
Group MVO (cms) Qualitative
1 APOSEC 0 Not visible
2 APOSEC 0.427 Small
3 APOSEC 0 Not visible
4 APOSEC 1.24 Small
5 APOSEC 0 Not visible
6 APOSEC 0.56 Small
7 APOSEC 0 Not visible
8 APOSEC 0 Not visible
9 APOSEC 0.91 Small
10 Control 0.86 Small
11 Control 0.76 Small
12 Control 1.04 Small
13 Control 0.26 Very small
14 Control 0.96 Small
15 Control 0.72 Small
16 Control 0.97 Small

Pigs were evaluated 3 days after induction of AMI for areas of MVO

APOSEC treated animals had significant smaller areas of impaired
microvascular perfusion when compared to control animals
(APOSEC: 0.3 £ 0.1; control: 0.8 £ 0.1; p = 0.04)

Table 2 Cardiac catheterization analysis

Control APOSEC p value
Corr. TMI frame count 44 £36 287+£19 0.022
Myocardial blush grade 13+03 25403 0.033

Corrected TIMI frame counts were lower in animals treated with
APOSEC indicating a good microvasculature perfusion (p = 0.022)

Additionally, animals from the APOSEC group had a significantly
higher myocardial blush grade than control pigs (p = 0.033)

n=6-7

corrected thrombolysis In myocardial infarction (TIMI})
frame count was significantly lower in APOSEC treated
animals (28.7 £ 1.9 vs. 44.4 £+ 3.6; Table 2). In addition,
the myocardial blush grade, which directly reflects
myocardial tissue perfusion, was significantly better in
APOSEC treated pigs (mean grade 1.3 £ 0.3 vs.
2.5 £ 0.3; Table 2).

BARI scores

To rule out the possibility that differences in MVO could
be a result of differences in the coronary vascularisation,
Bari scores were determined from pre-interventional an-
giographies. A homogenous distribution of coronary ves-
sels was found between groups (Suppl. Fig. 1a).
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Area at risk measured by MRI

During the early phase of AMI, the area at risk (AAR)
determines the zone of ischemic injured myocardium. To
confirm that ischemic areas were comparable in both
groups we analyzed T2-weighted images in the MRI
analysis 3 days after LAD occlusion. No differences in the
AAR could be found between the two groups (control:
22.9 £ 2.2 vs. APOSEC: 20.2 = 1.4; p = 0.294; Suppl.
Fig. 1b), evidencing that the size of hypoperfused myo-
cardium at the time of the ischemic episode was similar in
the groups.

Haemodynamic monitoring and ECG data

Haemodynamic monitoring showed a trend towards better
left ventricle contraction capacity (dP/dt/Py in APOSEC
group, as compared to control group (27.2 £ 20.6 vs.
17.4 + 4.0 min~'). On-line ECG monitoring during coro-
nary occlusion and reperfusion showed ST segment reso-
lution in four out of six animals in the APOSEC group
compared to only one out of seven pigs in the medium
group. Holter ECG evaluations revealed a reduction of
ventricular arrhythmias (expressed in total number of
extrasystoles, couplet, triplet, and ventricular tachycardias)
during coronary occlusion and the perfusion period
(Table 3).

APOSEC inhibits platelet aggregation in vivo
and in vitro

Since platelets are the major contributor to MVO we
hypothesized that APOSEC has a direct influence on
platelet function. Systemic platelet activation markers in
plasma, obtained at different time points after AMI
induction, were measured. Levels of sP-selectin, TSP-1,
PF-4 and sCD40L were lower in the APOSEC group
when compared to control animals (Fig. 2a—d). These in
vivo findings were confirmed by in vitro experiments.

Table 3 Rhythmological evaluation

Isolated porcine and human platelets were stimulated
with different concentrations of collagen, ADP and
TRAP-6 with or without pre-incubation of APOSEC. As
measured by light transmittance aggregometry, platelet
aggregation could be inhibited by the addition of APO-
SEC (Fig. 3a, b), both in a maximal and a half-maximal
stimulation model.

The inhibitory effect of APOSEC on platelets was fur-
ther characterized by measuring surface expression of
different platelet activation markers. Levels of CDO2P,
CD63 and CD40L were significantly decreased after
treating platelets with APOSEC, indicating an inhibitory
role of APOSEC during platelet activation (Fig. 3c). These
findings were corroborated by the evaluation of secreted
activation factors in the supernatant of aggregation exper-
iments. As determined by ELISA, concentrations of
sCD40L and sCD62P were significantly lower after treat-
ing platelets with APOSEC (Fig. 3d). Thrombospondin has
recently been described as a sensitive and stable parameter
to monitor in vitro platelet activation. We therefore eval-
uated supernatants for amounts of secreted TSP-1 isoforms
by western blots. There was a strong band of 140 kD TSP-
1 detectable after ADP and TRAP-6 activation, which was
reduced upon coincubation of platelets with APOSEC
(Fig. 3e).

Enhanced VASP phosphorylation by APOSEC

VASP in its phosphorylated form represents a negative
regulator of platelet activation. We could show that incu-
bation of isolated human platelets with APOSEC led to an
increase of intraplatelet phosphorylated VASP. In addition,
coincubation of platelets with both APOSEC and different
submaximal effective concentrations of PGE,; increased
VASP-phosphorylation in a synergistic way (Fig. 4). This
is of special interest as PGE; represents a physiological
relevant inhibitor of platelet function that acts through an
increase of intraplatelet cAMP.

ST-resolution VES

Couplet

Triplet VT

Control APOSEC  Control APOSEC

Control

APOSEC  Control APOSEC  Control APOSEC

During - - 2387 £ 1615 280+110
occlusion

After 177 46 923+£310 450£358
reperfusion

107 +71 46+£30 107£85 02+02

188 86 8.0+£56

57+£34 24£18

48+33 34+20 32196 3424

ECG and Holter-ECG analyses revealed lower rates of persisting ST abnormalities and significantly fewer episodes of arrhythmias in pigs

receiving APOSEC

This was shown for VES ventricular extrasystole, coulets, triplets, VT ventricular tachycardia

n==6-7
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APOSEC induces coronary vasodilation

The role of vasodilators in the prevention and treatment of
MVO is well described [33]. We therefore assessed
vasodilatory mediators in seram samples obtained from the
AMI animal model. Both, NO and PGI, were found to be
increased after administration of APOSEC when compared
to control animals (Fig. 5a). In addition, HUVEC upregu-
lated INOS expression after 24 h of co-incubation with
APOSEC as determined by western blot. eNOS expression
was not altered (data not shown), however, the active
phosphorylated form of eNOS was increased 60 min after
treating HUVEC with the compound (Fig. 5b). p-eNOS
expression was also found elevated in coronary rings
60 min after treatment with APOSEC as determined by
immunchistochemical stainings (Suppl. Fig. 4).

Finally, we evaluated direct vasodilatory effects of
APOSEC. In APOSEC preparations NO was found in sig-
nificant concentrations (12 x 10° mL: 39.5 nM; 1.2 x
10° ml: 16.9 nM: 0.12 x 10° mL: 1.3 nM), however, PG,
or VIP was not detectable. Myographic evaluations using
isolated coronary arterial segments corroborated this finding.
Treating coronary rings with APOSEC resulted in a signi-
ficant dilation of the vessels in a dose dependent manner
(Fig. 5¢). This effect was not related to a de novo production
of NO, since blocking NO synthesis with L-NAME had no
effect on vasotonus (Suppl. Fig. 2).

APOSEC from healthy donors, diabetic patients
and CHF patients show comparable properties

To address the question if the observed effects of APOSEC
are limited to healthy donors, we produced APOSEC from
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diabetic patients and patients suffering from CHF. Levels
of three reference cytokines (IL-8, ENA-78, VEGF), which
are known to be highly abundant in APOSEC [38], and NO
were determined. No differences between APOSEC
(healthy), APOSEC (DM) and APOSEC (CHF) were
observed {Suppl. Fig. 3a). The functional relevance of this
finding was further evaluated in platelet aggregation and
vasodilation experiments. APOSEC (DM) and APOSEC
(CHF) were similar effective in inhibiting platelet function
(Suppl. Fig. 3b) and in inducing p-eNOS and iNOS
expression in HUVEC (Fig. 5b) when compared to
APOSEC (healthy).

Discussion

This study gives first evidence that APOSEC effectively
reduces MVO in a clinically relevant ischemia/reper-
fusion AMI model. This finding was associated with an
improvement in the myocardial blush grade and cor-
rected TIMI frame count, two clinically established
parameters of microvascular patency. Moreover, reso-
lution of ECG alterations during experimental occlusion
and reperfusion were mediated by treating animals with
APOSEC. The impact of APOSEC on two major con-
tributors of MVO was tested in vitro. Co-incubation of
platelets and APOSEC led to an increase of phosphor-
ylated VASP, consecutively inhibiting platelet aggre-
gation in vitro. Treating HUVEC with APOSEC resulted
in an induction of INOS and p-eNOS. Additionally,
direct vasodilatory effects of APOSEC were shown in
myographical evaluations of isolated coronary arterial
rings.
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For a long time, beneficial effects in stem cell therapy
were contributed solely to cellular mediated mechanism.
Recently, this concept was challenged by works showing
that paracrine signalling may be a significant additional
mode of action [19, 41, 52, 53]. The importance of
releasing pro-angiogenic and cytoprotective factors during
AMI has already been shown for mesenchymal as well as
for bone marrow derived stem cells [3, 14, 36]. We have
recently expanded the concept of regeneratory, paracrine
factors derived from stem cell, by showing that the secre-
tome of apoptotic PBMC attenuates myocardial infarction
[39]. The major advantage of PBMC over stem cells is that
they are a lot easier to access. Although secretome of stem
cells and PBMC both mediate similar effects, their secreted
factors slightly differ. In a protein chip array study Wollert
and colleagues showed that out of 174 secreted factors, 25
factors were present in higher concentrations in bone
marrow supernatants, and ten factors were found in higher
concentrations in peripheral blood leucocytes [36]. To the
best of our knowledge, our group was first to utilize the
potential of paracrine factors derived from PBMC in an
experimental AMI setting. Consequently, we have
addressed features of APOSEC relevant for microvascular
obstruction in this subsequent study.

After re-establishing blood flow in the occluded epi-
cardial vessel, the integrity of the microcirculation in the
vicinity of the post-ischemic myocardium is pivotal for a
patient’s prognosis. An open microvasculature was shown
to supply infarct related myocardium with blood and
avoiding myocyte necrosis [10, 42]. It is of utmost
importance to maintain this residual blood flow within the
AAR, since there is sufficient in vitro and in vivo evidence
of viable myocardium hours to days after coronary occlu-
sion [32, 44, 63]. If the preservation of microvascular flow
fails, viable myocardium is gradually lost. It is a currently
accepted notion that platelets are causative for microvas-
cular dysfunction by releasing vasoconstrictive substances
[21], by forming microemboli [28, 57] or by intravasal
thrombus formation in the microcirculation [7]. Moreover,
experimental evidence indicates that the detrimental effect
of platelets is dependent on their activation status [64].
Relevant to MVO are the observations of Barrabes et al.
[8], who showed in a porcine AMI model that ischemic
injury triggers macro- and microvascular platelet deposi-
tion even in distant areas not related to the occluded cor-
onary artery. This leads to impairment in coronary flow
reserve and contractile function. With advances in under-
standing the pathophysiology of microvascular malperfu-
sion, different therapeutic strategies inhibiting platelet
function have been proposed. However, to date only the
application of monoclonal antibodies blocking GPIIb-IITa
receptor improved microvascular flow and subsequently
reduced infarct size in animal models [37]. This effect
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Fig. 3 Influence of APOSEC on platelet aggregation and activation. p

Aggregation experiments are depicted in a: I collagen (10 pg/mL); IT
collagen (10 pg/mL) + APOSEC 1 x 10% TII collagen (10 pg/
mL) + APOSEC 1 x 107, b: lefi: I TRAP-6 (10 uM); IT TRAP-6
(10 uM) + APOSEC 2 x 10°; TII TRAP-6 (5 uM); IV TRAP-6
(5 UM} + APOSEC 2 x 10% V basal/APOSEC 2 x 10°, right
I ADP (50 uMy; II ADP (50 puM) + APOSEC 2 x 10°; I ADP
(20 uM); IV ADP (20 uM) 4+ APOSEC 2 x 10°; V basal/ APOSEC
2 x 105, c: surface exposure of CD62P, CD63, and CD40L after
stimulation with ADP or TRAP-6 in the presence or absence of
APOSEC. Influence of APOSEC on secreted activation markers is
shown in d and e. Levels of sCD40L, sP-selectin, and thrombospon-
din-1 were lower in the supernatant of APOSEC treated platelets
when compared to controls

could be confirmed in double-blind randomized trials
which have led to a class IIA recommendation of use of
anti GP IIb/Ila in the ACC/AHA guidelines [3, 46].

Currently there is no standard in measuring microvas-
culature dysfunction in vivo. Several techniques including
coronary angiography, contrast echocardiography, and
MRI are used clinically and experimentally to describe
MVO. Each of these techniques measures slightly different
biological and functional parameters [9]. We therefore
decided to confirm our MRI data with cardiac catheteri-
zation measurements. A low TIMI frame count indicates a
sufficient blood flow in the small vessels; on the other hand
a high TIMI frame count is associated with microvascular
occlusion [18]. The angiographic myocardial blush grade is
a standard method to clinically assess myocardial tissue
perfusion [24]. It has a direct impact on patients’ prognosis
since a persistently abnormal myocardial blush grade was
shown to result in reduced functional parameters in the
long-term [30].

No-reflow phenomenon is known to be associated with
persistent ST-elevation and ventricular arthythmias [12,
31]. About 25 % of patients ST-segment abnormalities
persist even though coronary blood flow has been restored.
Therefore, we sought to determine whether APOSEC has
an effect on ECG alterations during AMI. As shown in
Table 3, infusion of APOSEC led to a normalization of ST
segment alterations in the majority of treated animals. In
addition, arrhythmic episodes were lower in the APOSEC
group during occlusion and reperfusion.

The beneficial effects of APOSEC on MVO in our
porcine in vivo AMI model are in line with in vitro data
obtained after exposure of porcine platelets to APOSEC.
Co-incubation of platelets with APOSEC prevented plate-
let aggregation triggered by collagen. Based on these
findings further experiments were performed with human
platelets and similar effects could be observed. The addi-
tion of TRAP-6 at a final concentration of 10 uM and ADP
at a concentration of 50 pM caused platelets to fully
aggregate and this aggregation was effectively impaired by
preincubation of platelets with APOSEC. Interestingly,
APOSEC derived from PBMCs isolated from diabetic and
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