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Infarct zone
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Four recognized form of
myocardial RI

Lethal myocardial RI
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Microvascular
obstruction

Reperfusion-indug

arrhythmia .

Reversible

Myocardial stunning

Niccoli et al, JACC 2009



Blood vessel

Major components of
myocardial RI

Inflammation Wash out of lactic acid

 (neutrophils) Damaged sarcolemmal  H* Na*4 Na*HCO,

‘mem|
-



Pharmacological agents for
preventing myocardial RI (I)
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FX06 Fibrin-derived peptide; binds FIRE (2009)
to vascular endothelial-
cadherin and prevents
leukocyte infiltration and
plasma leakage

Exenatide Glucagon-like peptide Lonborg et al
(2011)
Adenosine Multifactorial effects on AMISTAD-II
endothelium including (2005)

vasodilation, neutrophil
inhibition, decreased free
radical formation

NO Vasodilation, neutrophil NOMI (2014)
inhibition, decreased free
radical formation
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Zacharowski K et al. J Mol Med 2006;84:469-477



Patients with STEMI (n=234)
Bolus of FX06 (200mg iv) twice versus placebo during PPCI
Primary endpoint: infarct size defined as total LGE mass after 5 days
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. Effect of Intravenous FX06 as an Adjunct
\"to Primary Percutaneous Coronary Intervention A,
for Acute ST-Segment Elevation Myocardial Infarction

Results of the F.I.LR.E. (Efhcacy of FX06 in the Prevention
of Myocardial Reperfusion Injury) Trial
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= Glucagon-like Peptide 1 Can Directly Protect the Heart
‘@0 Against Ischemia/Reperfusion Injury
/
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Exenatide Reduces Infarct Size
and Improves Cardiac Function in a

Porcine Model of Ischemia and Reperfusion Injury
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Infarct size (g)

@ European Heart Journal (2012) 33, 1491-1499 CLINICAL RESEARCH
EUROPEAN doi:10.1093/eurheartj/lehr309 Acute coronary syndmmes
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Exenatide reduces reperfusion injury in patients
with ST-segment elevation myocardial infarction

Patients with STEMI (n=172)
Exenatide (25mg; 15min prior to PPCI and infused over 6hr) vs. placebo
Primary endpoint: salvage index calculated from myocardial area at risk

A T A LR RS

Placebo E
60 = ek tide P=0.01] . Placeho P=l025
~— 'I:’T:cn:h::u & 1atide 6004 excratide o ilue
‘el L Y A YU P b D (- P']amm .....
exenatide Overall oy s Ant.MI
50,0 s 50,0 .
3
40.0 2 400+ 3
=
L |
3040 E 0L -
£
200 - 20,0
10,0 4 wod = e |
i} , £ | | | T T T
] 20,0 40,0 &0 BO.0 10010 A 200 40 0,0 20,0 [[ENNY]
Area at risk (g) Aren ot risk (g)

Lonborg J et al. EH] 2012;33:1491-9



Adenosine Inhibits Mechanisms
Involved in Reperfusion Injury

Platelets == TxA,, PAF, Leukocytes Calcium Oxygen
Ang I, NE, ET-1

lAZA LA Azmlr A, lA3 Aﬂ‘Aa
Platelet Vv trict; MPO Cellular Calcium Oxygen

Aggregation asoconstrction Proteases Overload Free
/ Radicals

Adherence to \ i
\ 4 Endothelium ‘/
No Reflow Cell Death

\ / AZNZB Angiogenesis

ADENOSINE — Vasculogenesis
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AMISTAD-I1

A Randomized,placebo-controlled, double blind

2118 anterior STEMI
P=0.023
. P=0.405 !
| |
P=0.074 Percentile
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%" 27 %
o 20 A 23 %
O 17 %
1]
"'_E 10 - l 11 %
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Placebo Pooled 50 ug 70 ug
adenosine adenosine adenosine
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AMISTAD 2: Primary Endpoints
(death, CHF at 6 months)
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151"

104"

Placebo 50 mcg/min 70mcg/min

Per-protocol, time to RX, apparent reperfusion success, etc.
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Nitric Oxide signaling pathway ((:t:))
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NO Inositol 1,4,5,

Nitric o: / \ -triphosphate

GTP

GSOlLIblIE; cGMP-independent
Henyaw NO target
Cyclase
Proteins containing thiol groups and
CGM P transition metal centers including:
Vascular NF-kB
smooth-muscle — Phospho- Caspases Sarcoplasmic
cell die ion channels .
iesterase cytochrome P-450 enzymes reticulum
lipoxygenases
cGMP-dependent protein kinases xanthine oxidoreductase
cGMP-regulated phosphodiesterases -type calcium
GMP lon channels l channel
| J
I
Vasodilation
Anti-infammation
Anti-apoptosis
Anti-oxidant
Inhibition of leukocyte/platelet activation
13 Griffiths MJD et al. N Engl J Med 2005;353:2683-95

Hataishi R et al. A J P Heart Circ Physiol 2006



Air space - 7 Release of
2 2 reactive
Type Il .
alve)c/)FI)ar cell U OxySell SPEcies
R Nitric oxide
ype
alveolar cell Formation of *
reactive nitrogen - k]
species 3 ,’
Aat& _J
o “".»o . — o~
— - T, ,~ -
FT Inactivation -,
- oglobi

- | Formation of
S-nitrosothiols

Y

/ X, A
‘-\
Plasma proteins

- . a> Leukocyte

cular space - Endothelial cel

14 Griffiths MJD et al. N Engl J Med 2005;353:2683-95
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Inhaled NO for Cardioprotection
during Ischemia

-

erythrocytes
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K ) mary “platelets’ NO.
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systemic
arteriole
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blood-borne NO derivatives:
SNO-proteins, SNO-Hb,
NO-Fe-Hb, nitrite

!

« Inhalation of 40 and 80 ppm NO for
24h reduced IS/AAR in mice

(Hataishi R et al. AJ P Heart Circ Physiol. 2006;
Nagasaka Y et al. Anesthesiology. 2008)

« Inhalation of 80 ppm NO for 4h reduced
|IS/AAR and improved functional
recovery in pigs, while 2 ug/kg/min
[V NTG failed to do so.

(X Liuetal JACC 2007)
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Nitric Oxide for Inhalation to Reduce
Reperfusion Injury in STEMI - NOMI

Stefan P. Janssens, MD, PhD on behalf of the NOMI investigators:
K.D. Bloch, MD, J. Bogaert, MD, PhD, B. Merkely, MD, PhD,

F. Van de Werf, MD, PhD, P. Vranckx, MD, PhD, J. Zalewski, MD, PhD

(?TEM] . Central Reading
undergoing
within 2-12h MRI Core Lab
Control (n=122) \l’ 4 mo.
|
48-72h i
TO : :
In-hospital (4-7d) Outpatient FU (4 mo)

N=248
Inhaled NO at 80 ppm (n=126) 1 l
Rcaﬁ';tc:ﬁ:i'z\gﬁgn First MRI Second MRI
LCC (n=117/115) (n=99/98)
Infarct size - LV function &
LV function & remodeling remodeling
>

All cardiovascular events

(n=107/107)




Nitric Oxide for Inhalation to Reduce )
Reperfusion Injury in STEMI - NOMI ( ‘

Stefan P. Janssens, MD, PhD on behalf of the NOMI investigators: ‘ J
K.D. Bloch, MD, J. Bogaert, MD, PhD, B. Merkely, MD, PhD,

F. Van de Werf, MD, PhD, P. Vranckx, MD, PhD, J. Zalewski, MD, PhD

NOMI: Kaplan-Meier for Composite Endpoint

IS/ILV m (death, recurrent ischemia, stroke or rehospitalization)
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X 80% 60 days 7.7% (4.1%, 14.3%) 15.2% (9.8%, 23.0%)
- 90 days 9.5% (5.4%, 16.5%) 16.9% (11.3%., 25.0%)
£ 70%| 120 days 13.0% (8.1%, 20.7%) 20.4% (14.2%, 28.9%)
s | [120d0ys | 13.0% (8.1%, 207%) | 20.4% (14.2%,
30 - H 9
S 60%| -
u
%’ 50%|
| o
20 S o
S
& 3%
o
10 - 8 20% : .
& ' g |
. 10%| ! ) 2 : '
0 - %o 30 60 %0 120 150 —
Number at risk Days since Study Drug Administration Deaths (%)
0
(I NO 119 109 106 104 97 5(4.1)
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>~ Pharmacological agents for (“,
preventing myocardial RI (II)

Cyclosporine Inhibitor of the CIRCUS (2012) In progress
mitochondrial permeability
transition pore

TRO40303  Reduces opening of the MitoCare (2014)
mitochondrial permeability
transition pore

Atrial Activates reperfusion injury  J-WIND (2007)
Natriuretic salvage kinase pathway
Peptide

17
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ADP P, H+

PTP (Mitochondrial permeability transition p
. Important target for cardioprotection

A nonselective channel of inner mitochondrial membrane
Opening of MPTP

— Mitochondrial membrane depolarization
& Uncoupling of oxidative phosphorylation
— Matrix swelling & OMM rupture

— APT depletion

— Cell death

ROS, Ca?,
P, low AW

P|C m 'ANT “c” ANT

Inner mitochondrial
membrane

CaZ+ CyP-D MPTP open
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Effect of Cyclosporine on Left Ventricular
Remodeling After Reperfused Myocardial Infarction

Effect of Cyclosporine on Reperfusion Injury
in Acute Myocardial Infarction

/0.029:0.003

Verrsrrssssvsresrs]

0.030+0.004

Cyclosporine A

Postconditionir
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Area of Hyperenhancement (g)
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ACS at initial LV angiography (%)

Skyschally A et al. Cardiovasc Drugs Ther 2010;24:85-87
Piot C et al. NEJM 2008;359:473-481
Mewton N et al. JACC 2010;55:1200-1205



2" TRO40303, a New Cardioprotective Compound, Inhibits
Mitochondrial Permeability Transition

HO

N/

TRO40303

504
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Infarct size reduction 38%

Schaller S et al. J Pharmacol Exp Ther 2010;333:696-706



European Heart Journal ESC HOT LINE FAST TRACK
sunorean  doir10.1093/eurheartjlehu331 Acute coronary syndr‘omes
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Effect of intravenous TRO40303 as an adjunct
to primary percutaneous coronary intervention

for acute ST-elevation myocardial infarction:
MITOCARE study results

TRO40303 (6 mg/kg; n=190)

bo (intravenous bolus)
ripheral vein,
, just before balloon inflation

Placebo (n=90)

Hospitalizatioﬁ

A4 4

A
v v v ¥ v
Vo D1 D2 D3-D5 V1/D30
Inclusion (24 h) (48 h) (72 h) Follow-up
and PCl \ /
Troponin 1, CK: CMR Echocardiography
at TO (baseline), 6 h, echocardiography safety assessment

12h,18h,24 h,36 h,48 h =
and 72 h after stenting | I 720 h after

stenting

21

MITOCARE Study Group. EHJ 2014



ff'MITOCARE

. 6000+
o | Study Results: m Conrol
[N O Cyclosporine
s o 50004
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06 12132430 3542 435450 66 72500 Hours
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Admission CK (U/L) between TRO40303 vs. Placebo (n=80) (n=83)
273.361£410.80 vs. 161.18+ 144.29 (p = 0.065)
~ 150- '9_4_ 4000 p=0.5699
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+{f§ MITOCARE
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L\ Procedural Characteristics
(Median (min-max), N patients or % per group)
Before PCI Placebo TRO40303
TIMI-flow: &

wicetige  Deleterious or pro-thrombotic

occlusion

Culprit Arte effect of TRO40303?7?

Culprit Artely : 11
TIMI-flow of culprit artery
after PCI Placebo TRO40303
Grade 0 5 6

6.25 % 12.05 %
Grade 1 0 } ’ 4 } ’
Grade 2 4 4
Grade 3 71 69

Procedural characteristics were well-balanced between the
two groups except for unsuccessful reperfusion

MitoCare — HEALTH-F2-2010-261034



MITOCARE

B / \,‘_\“.:“_‘ “,/_‘ M

No difference in AE’s in both study arms

CEC adjudicated SAE’s:

Number of events
Total number of events
Cardiogenic shock
Death

Heart Failure
Myocardial Infarction
Revascularization
Ventricular Arrhythmia

Number of patients with at
least one event

Safety

Placebo
11

ONORFRPEDN

Placebo

8 (10%)

TRO40303
26
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TRO40303
21 (24.7%)

Fischer exact Test: P=0.013

MitoCare — HEALTH-F2-2010-261034
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‘a Reperfusion injury salvage kinase signalling: taking a RISK
| for cardioprotection
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Ischaemic [ Ischaemic
preconditioning | postconditioning
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Intracellular
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Extracellular $
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Intracellular

RISK Pathway
AkVErk1/2

RISK
o} EE
__Mitochondria _
@l@ Mitochondria L
* Cell Survival

Reduction in myocardial infarct size
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@0 Human atrial natriuretic peptide and nicorandil as adjuncts
o reperfusion treatment for acute myocardial infarction
" (J-WIND): two randomised trials

Patients with AMI undergoing reperfusion treatment (n=1216)

ANP iv (0.025ug/kg/min for 3 days) vs. placebo

Nicorandil iv (0.067mg/kg then 1.67ug/kg/min for 24-h) vs. placebo
Primary endpoint: infarct size and LVEF

= (10°IU/Lh) ANP study (10* IU/L ) Nicorandil study
D 1.0 .
1 ANP L Nicorandil
ol L
5 I = Control
J 0.9 4 JE 0.9
= Control =
= 2
o Ee]
=E
§ g
. - = —
5 08 Hazard ratio=0267 g 08 Hazard ratio=0779
i |/ (05% €I, 0-089-0794) 2 L (95% CI, 0-307-1-973)
8 /s p=0.011 S A p=0.597
A A
0 T T T T T T T | 0 T T T T T T T 1
0 250 LO0 Jo0 1000 1250 1500 1750 2000 0 250 OO 750 1000 1250 1500 1750 2000
Days since reperfusion Days since reperfusion
Mumber at risk ! o Mumber at risk Y "Pe
ANP 74 246 213 164 130 83 23 Micorandil 266 237 203 152 113 71 39
Control 202 264 226 174 135 86 26 Control 72 243 210 163 119 21 50

Kitakaze M et al. Lancet 2007;370:1483-1493
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Pharmacological intervention (‘)
of cardioprotective signaling
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Study Clinical scenario Endpoint Intervention Placebo (n) Change ininfarct size
Mahaffey et al® STEMIAMI SPECT 101 96 ) Adenosine
Ross et al® STEMI AMI SPECT 702 703 O Adenosine
Fokkema et al¥ STEMIAMI CK 226 222 Adenosine
Desmet et al®® STEMI AMI MRI 51 49 1 Adenosine
Theroux et al® NSTEMIAMI CK-MB 2909 2910 | Cariporide
Mentzer et al* CABG CK-MB 2870 2891 Cariporide
Kitakaze et al** STEMIAMI CK 255 280 | Atrial natriuretic peptide
Kitakaze et al** STEMIAMI CK 269 260 Nicorandil
Bates et al”? STEMIAMI CK-MB 102 52 a PKC-G inhibitor
Mochly-Rosen et al”® STEMI AMI CK 227 227 O PKC-& inhibitor
Ottet al* STEMIAMI MRI 45 47 Erythropoietin
Najjar et al®® STEMIAMI MRI 68 68 Erythropoietin
Piot et al* STEMIAMI CK 30 28 - Ciclosporin A
1 1 | 1 | I I | | | 1 ] | | 1 | |
-80 -60 -40 -20 0 20 40 60 80 100 120 140 160 180 200 220 240
. gy e - % of mean value in placebo
Ischemic postconditioning "
Staat et al* STEMIAMI CcK 28 27 ——
Ma et al*® STEMI AMI CK 47 47 ——
Yang et al*! STEMIAMI K 23 18 ]
Laskey et al*? STEMIAMI CK 13 12 -
Thibault et al® STEMIAMI Tnl 17 21 -
Zhao et al** STEMIAMI Tnl 25 26 -
Lonborg et al*® STEMIAMI MRI 59 59 =
Sorensson etal*®  STEMIAMI K 28 38 - Placebo
Xue et al” STEMI AMI CK-MB 23 20 - - Slgnlﬁcant
Garcia et al® STEMIAMI CK-MB 22 21 =
Freixa et als? STEMI AMI K 40 39 O D Not signiﬁcant
Thuny et al®® STEMIAMI MRI 25 25 ——




Additional Issue

“* Whether reperfusion injury occurs at all in man?

“* Whether this type of injury really does account

for a significant part of the remaining infarct?

29



Take Home Message

“* No-Reflow and Reperfusion Injury
= Exenatide, adenosine?

“ Ischemic Pre- and Postconditioning
= CsA, ANP

“» Other Areas of Investigation

= NO, TRO40303

30
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