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Myocardial I-R Injury: Neglected Therapeutic Target
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Structure and Mechanism of MPTP Mitochondrial
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Mechanism of Ischemia-Reperfusion Injury

Major Mediators

1. Oxygen paradox

2. Calcium paradox

3. pH paradox

4. Inflammation
(granulocytes, plts)

__

~injury
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Mechanism of Ischemia-Reperfusion Injury

Major Mediators

1. Oxygen paradox

2. Calcium paradox

3. pH paradox

4. Inflammation
(granulocytes, plts)

Xxygen paradox
* Reperfusion generates oxidative
stress which itself can mediate
organ injury
« Oxidative stress reduces the |
bioavailability of nitric oxide ‘

0—7*

Lethal reperfusion
injury
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Mechanism of Ischemia-Reperfusion Injury

Major Mediators

1. Oxygen paradox

2. Calcium paradox

3. pH paradox

4. Inflammation
(granulocytes, plts)
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v/ Sarcolemmal-membrane damage

Calcium paradox
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Mechanism of Ischemia-Reperfusion Injury

Major Mediators l H paradox ~

P
1. Oxygen paradox ~ * Reperfusion
2. Calcium paradox v' Wash-out of lactic acid
3. pH paradox v" Activation of Na*/H* exchanger &

Na*/HCO5 symporter

4. Inflammation > Rapid restoration of physiologic pH

(granulocytes, plts)

Lethal reperfusion
injury
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Mechanism of Ischemia-Reperfusion Injury

Major Mediators

1. Oxygen paradox

2. Calcium paradox

3. pH paradox

4. Inflammation
(granulocytes, plts)

¥

Opening of MPTP
= Uncoupling oxidative
phosphorylation

Mitochondrial swelling
=>» Cell death
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Mitochondrial permeability transition pore (MPTP)

plays a key role in Ischemia-Reperfusion Injury

Lethal reperfusion
injury
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APOPTOSIS vs. NECROSIS
« Mechanisms of mitochondrial membrane permeabilization

Ischemia-Reperfusion

« Mitochondrial ROS generation
« Mitochondrial Ca* overload
 Normalization of pH

= MPTP opening Severe insult & MPTPs stay open = Necrosis

AC METE Severs | MPTPs stay open; ' Necrosis
Outer 99 OO XX : INSUlt | ATP is depleted .‘
mitochondrial ? it ik ’ :

membrane Calclum and
oxidative stress

Mitochondrial swelling,
rupture of outer
== membrane,

release of cytochrome ¢

Inner £X3
mitochondrial M

membrane §
3| MPTPs close; [
Q 9 Moderate = ATP production is Apoptosis
Cyp Insult maintained {

Moderate insult =» MPTPs transient opening =» Apoptosis
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Novel Necrosis Inhibitor, NecroX,
Prevents myocardial Ischemia-
Reperfusion Injury
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NecroX-7: from LG life scienc

Derivative and combination of

Anti-necrotic effect by some mec

via 1) Strong antioxidant

- Mitochondrial ROS and Ol

- Inhibition of ROS-generati
2) Inhibition of HMGB1
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In vitro study
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In vitro protocol

Hypoxia-Oxidative stress/Reoxygenation (H-O/R) model
using H9C2 rat cardiomyoblasts (myoblast cell line)

24 Hours of 24 HOlE O Fpoe 1.5 Hours of
incubation period 23.5 Hours 30min Reoxygenation
Hypoxia with 1% O2 Oxidative stress

with H,O, 400uM

Seeding :H9C2 cells Pre-treatment

0.5X10° Cells /35mm dish, . Vehicle: 0.01% DMSO

1.5X10° Cells /60mm dish, . Necrosis inhibitor: NecroX (20 pM)
1.5X108 Cells/100mm dish . Vitamin C (10 uM)

. Vitamin C (20 uM)

. Vitamin C (10 uyM) + Vitamin E (20 uM)
. N-acetylcysteine (250 M)

. Apoptosis inhibitor: Z-VAD-fmk (20 uM)
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Time (minutes)

Vehicle

Measurement of mitochondrial Ca?*influx

Hypoxia 24h + Oxidative stress with H202

Vehicle treated
group showed
prominent
calcium influx
(red stain) in the
swollen
mitochondria via
mPTP opening

Necrosis Inhibitor
revealed protective
effect on mPTP
opening under I/RI

Rhod-2 : Ca2* influx



Action Mechanism of NecroX
. ROS scavenging activity

Hypoxia only H,0, only H-O/R + Vehicle
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H-O/R + NecroX

DCF-DA fluorescence
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Hypoxia H,0, Vehicle] NecroX}] VitC Vit C Vit C NAC  Z.VAD
only only e (10 pM) (20 pM) + Vit E

H-O/R

H,DCF-DA assay
* Intracellular ROS probe
* Oxidization by ROS
=» DCF : highly fluorescent

H-O/R + NAC

H-O/R +VitC +VItE

NecroX has potent scavenging
activity on intracellular ROS.

. Intracellular ROS (DCF) Scale bar : 100 pm

E H-OIR : hypoxia-oxidative stress/reoxygenation.
S N U H Cardiovascular Center NAC : N-acetylcysteine



Action Mechanism of NecroX
. ROS scavenging activity

Hypoxia only H,0, only H-QIR + Vghicle

H-O/R + NecroX

Rh123 Fluoresence Intensity

Hypoxia H,0, Vehicle Vit C Vit C VitC NAC  Z.vAD

only only (10 pM) (20puM) +VitE
H-O/R
H-O/R +VitC +VitE [ H-OIR +NAC Dihydrorhodamine 123 (DHR 123) assay

\')

« Mitochondria-specific ROS probe
* Oxidization by ROS
=» Rhodamine 123 : highly fluorescent

NecroX has potent mitochondria-
specific ROS scavenging activity.

D Mitochondrial ROS (Rhodamine 123) — Scale bar: 50 pm

g H-OIR : hypoxia-oxidative stress/reoxygenation.
S N U H Cardiovascular Center NAC : N-acetylcysteine



Action Mechanism of NecroX
. Inhibition of ROS generating enzyme

1204
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40

NADPH oxidase activity
(% of control)
(=]
(=]

20+

Hypoxia H,O, Vehicle] NecroX | Vit C Vit C Vit C NAC  Z-VAD
only only — (10 pM) (20 pM)  + VIt E

H-O/R

NecroX has inhibitory effect on NADPH oxidase,
an important ROS-generating enzyme.

G H-OIR : hypoxia-oxidative stress/reoxygenation.
S N U H Cardiovascular Center NAC : N-acetylcysteine



Mltochondrlal membrane potential measurement
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NecroX preserved mitochondrial
membrane potential (Ay)
under H-O/R stress.

B High Ay, (J-aggregate)
B Low Ay (JC-1 monomer)

H-O/R denotes hypoxia-oxidative stress/reoxygenation.



Mitochondrial membrane potential

Hypoxia only
42.8%

103 10
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A2H
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- 160.9%
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" 29.1%
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o4 gl % .
Ty 3y 120- [ Low Ay, @ High Ay,
Ci ,9! 1004 T - —— T T -
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, transmembrane potential changed

from high to low gradient (Ay),
except NecroX treated cells.

H-O/R : hypoxia-oxidative stress/reoxygenation.
NAC : N-acetylcysteine
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Evaluation of mitochondrial swelling

1. Turbidity 2. Confocal imaging for mitochondria
P<0.05 HYDOXJ_@%_ q_n'ly' '-":.é:'%’;-_;{" >

H;0;
only

Vehicle

H-O/R + Vghicle _ |

NecroX-7 || Vitamin C Z-VAD-fmk
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. Mitochondria (MitoTracker) . Nucleus of dead cell (PI+)
Arrow indicated the swollen mitochondria after H-O/R stress.

S N U H Cardiovascular Center H-O/R denotes hypoxia-oxidative stress/reoxygenation.



TEM for mitochondrial swelling

== |ntracytoplasmic vacuole Preserved normal mitochondria

» Swollen/ruptured mitochondria
and degenerated crista

SN U H 6 Cardiovascular Center H-OIR denotes hypoxia-oxidative stress/reoxygenation.



PI/FDA staining & Counting the cell

120- 3 % of viable cell (FDA+) W % of necrotic cell (Pl+)

100 —_ p—

80

60+

Percentage (%)

40+

20

A |
Hypoxia H,0, Vehicle | NecroX | VitC Vit C Vit C NAC Z-VAD
only only (10 uM) (20 uM) + Vit E
H-O/R

NecroX protected H9C2 rat
Scale bar: 100 ym cardiomyoblasts from necrotic
cell death after H-O/R stress.

[ Viable cell (FDA+) [l Nucleus of dead cell (Pl+)

6 H-O/R : hypoxia-oxidative stress/reoxygenation.
SN U H Cardiovascular Center NAC : N-acetylcysteine



Necrotic cells by FACS

4 Hypoxia only i H,O, only ) H-O/R + Vehicle
2.6% ) . 61% | . 68.4%
g"‘g’ §“91 §“91 live cells (AnnexinV-/Pl-) 3 apoptotic cells (AnnexinV+/Pl-) [l necrotic cells (P1+)
B _ A ] 120- -|—
. . 34% | 1 % 0.9% 100, ] _
910" 9100 10! Floz 108 10' 91o°A 0! 102 103 104
H FL1-H g 804
H-O/R + NecroX | H-O/R + Vit C (10 yM) H-O/R+VitC (20 M) § _|
)  39.5% / g
C')E_ s E‘ V’g_ { 40-
— 3% BT EXS 20+
a o = o
o . = = >
& : ; f 1'30% 4 ~ : : . 2 : 09 E A l:'l.% Hy;:':);la ::;?; Vehicle | NecroX ]\.ngtuCM) (;agtHCM) +V\|;:itCE NAC z-vAD
FL1H FLI-H e Hypoxia + H,0,
H-O/R+VitC+VitE _  H-O/R+NAC H-O/R + Z-VAD-fmk
i | aa20 | B +2.67.2%
i i NecroX protected HI9C2 rat
S cardiomyoblasts from necrotic
c210" 10! ':{'(1)'2“ 103 10* 9100 10! Fl?l)-zH 103 104 . Ce” death after H_O/R StreSS .

Annexin-V

E H-O/R : hypoxia-oxidative stress/reoxygenation.
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In vivo study
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In vivo protocol | =4

Ischemia by
Ligation of LAD

45min. of Ischemia 14 days after I/RI injury

25min. 20min. 3 Days 11 Days

€ >
€—1—> NecroX (30 mg/kg)
P.O. daily

Reperfusion
s EchoCG under anesthesia Harvest
\ After EchoCG &
IV bolus infusion blood sampling
Like as Preconditioning (N=13) Formalin fixed tissue

1. Vehicle EchoCG under anesthesia

2. Cyclosporin A (CsA; 5 mg/kg)
for positive control
3. NecroX (1 mg/kg)

S N U H 6 Cardiovascular Center




NecroX preserved LVEF and inhibited LV remodeling
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NecroX-treated rats: Reduction in Myocardial Fibrosis

Control (N=13) Cyclosporin A (N=13)

NecroX (N=13)

Day 14 - Fibrotic myocardium

harvested 1 §

ntact myocardium
heart
Fibrosis area Fibrosis length Fibrosis percentage
P=0.011
P=0.011 P=0.011 | ]
4000- : P-0.027 ' 400- | ] ] 30- P=0.027
P=0.006 P=0.006
P=0.006

3000+ 3004

—

2000+ 200+

1000+

100+

Fibrosis area {arbitrary unit)
Fibrosis length (arbitrary unit)

Control CsA

S N U H 6 Cardiovascular Center
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Necrotic myocardium quantification

Control Cyclosporin A

NecroX

Black arrow indicated necrotic myocyte.

S N U H 6 Cardiovascular Center

Necrotic myocardium (% area)

[ Necrotic zone ] Non-necrotic zone

Necrotic myocardium (% area)

Control Cyclosporin A



Necrotic myocardium specific guantification

In viable cardiomyocytes, Necrotic cardiomyocytes bind to anti-MHC
anti-MHC Ab cannot bind the cardiomyocytes. antibody through broken sarcolemma.

Y A
~«

1N
(1]
i
i
J11 1

b

L >

e Y e
Viable T VAT (LTI D 1

i et I o i .

Cardiomyocytes ‘:m:Y J YL "IIIK:::%III!'*h N'ecrOtlc
< '()_ g < cardiomyocyte
>~

< Anti-MHC antibod Y > Anti-MHC antibody

Mechanism of anti-MHC antibody

WGA : Wheat germ agglutinin for sarcolemma stain
MHC : myosin heavy chain

S N U H G Cardiovascular Center



Specific Quantification for Myocardial Necrosis

Ischemia by
Ligation of LAD

45min. of Ischemia

25min.

20min.

12 hours

Anti-MHC antibody injection
via internal jugular vein

>

Reperfusion

Vv

IV bolus infusion

Like as Preconditioning (N=4)
1. Vehicle

2. Cyclosporin A (CsA; 5 mg/kg)
3. NecroX-7 (1 mg/kg)

Harvest &
OCT embedding

=» Why the anti-MHC Ab get injected before the ligation ?

S N U H 6 Cardiovascular Center



Necrotic myocardium specific quantification

| Control | CycIospormA NecroX

MHC positive cardiomyocyte (%)

=
=

P <0.01

=
=

MHC positive cardiomyocyte (%)
R .
1= S

| &l

=

Confrol Cyclosporin A NecroX

DNecrotic"myocyte (MHC+) .WA (Sarcolemma)

.Nucleus

White arrow indicated necrotic myocyte.

S N U H 6 Cardiovascular Center



Mechanism of NecroX on I/R injury

2 ¥ NeCrotig(y
- cardlomy?.c.:}lte -

{ $°*
- ' *
e X

Necrotic cardiomyocyte

Ischemia
IReperfusion

SN U H Cardiovascular Center



Clinical Trial: NEXsteM| RCT
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Clinical trials...

Phase | trial : successfully finished !

Phase Il multicenter RCT : on going

S N U H 6 Cardiovascular Center



Phase | clinical trial

. . . Example: "Heart attack”™ AND "Los Angeles”
ClinicalTrials.gov Searh forstuies sm

A service of the U.S. National Institutes of Health Advanced Search | Help | Studies by Topic | Glossary

Find Studies About Clinical Studies Submit Studies Resources About This Site

Home > Find Studies > Search Results > Study Record Detail Text Size -

Trial record 1 of 1 for.  LC28-0126
Previous Study | Return to List | Next Study

Study to Investigate the Safety and Pharmacokinetic Characteristics of LC28-0126 in Healthy Male Subjects

This study is not yet open for participant recruitment. ClinicalTrials.gov Identifier:
NCT01737424

First received: November 27, 2012
Last updated: November 28, 2012
Last verified: November 2012

Information provided by (Responsible Party): History of Changes
LG Life Sciences

Verified November 2012 by LG Life Sciences

Sponsor:

LG Life Sciences

Full Text View  Tabular View  No Study Results Posted Disclaimer  [E] How to Read a Study Record

P Purpose

To investigate the safety, tolerability and pharmacokinetic characteristics of LC28-0128 in healthy male subjects

S N U H 6 Cardiovascular Center



Phase || NEXsteMI RCT

« [NEXsteMI]
« NECRO-X to reduced reperfusion injury
« after emergent PCI in patients with STEMI

« Multicenter,
Randomized,
Double-blinded,
Placebo-controlled
« Efficacy & safety of single bolus IV infusion of Necro-X
Just before emergent PCI for patients with STEMI
« Area under curve of cardiac enzyme
* Dose-finding

S N U H E Cardiovascular Center



Phase || NEXsteMI| RCT
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Phase Il NEXsteM| RCT

Number of Planned Patients = 60

Treatment group No. of Pt.

Control Placebo 1 vial 15
Tx 1 LC28-0126 1mg 15
Tx 2 LC28-0126 3mg 15
Tx3 LC28-0126 10mg 15

SN U H G Cardiovascular Center



Phase || NEXsteMI RCT

[1st screening criteria]

1) Age : 20~75

2) Onset of chest pain <12 h

3) ST elevation > 0.1mV in two/more precordial leads
or new LBBB

[2"d inclusion criteria]

Occlusion at P.LAD or M.LAD (TIMI flow = 0 or 1)

Scheduled for emergent Primary PCI

S N U H Cardiovascular Center



Phase || NEXsteMI RCT

Placebo

>
<2 jnclusion criteria> LC28-0126 1mg
LAD occlusion on CAG/ >
Emergent PCI LC28-0126 3mg >
LC28-0126 10mg >
IP Injection Discharge

\ 4 <

Hospitalization

Day 1~Day 4
V1(-3h~Random) V2 V3 V4 V5 V6 V7
i Random~24h  24h~48h 48h~72h  72h~96h 96h~120h

Cardio marker/ PK X{|& (~ 72h)
*ST elevation

or new LBBB CMR CMR

< 1""‘/2nd criteria>

*pain < 12h

= DXIOIH|X HS ECho ECho
IP Kit no. 204

SN U H 6 Cardiovascular Center



Phase Il NEXsteMI RCT

Primary Efficacy Endpoint
PCl & 72A|ZHI}X| 2] CK-MB2| AUC

Secondary Efficacy Endpoint

1) PCI & 72A|ZFIFX| Q] Troponin 18] AUC

2) PCI & 72A|ZHIFX|2] CK ] AUC

3) PCI & Day 4, 300| CMRZ H7}%l Infarct size

4) PCI = Day 4, 300 CMR& T 7}=l LV function (LVEF, LVEDV, LVESV)
5) PCl & Day 4, 300]| Al&tx 20tz WIE LV (LVEFLVEDV, LVESV)

S N U H a Cardiovascular Center



Phase Il clinical trial;: NEXsteMI| RCT

 Planned Timeline

| O IND 20! (201314 128 29)

IRB 59l (20134 128 27Y)

JHA| 2 E (2014H 01 ~2014E 02F)

(201444 01)

CSR

ERIM ANALYSIS (2014H 73&) (20154 04SY)

PO (20144 123#)
DM/STAT

SN U H Cardiovascular Center



Novel Necrosis Inhibitor to prevent

Myocardial Ischemia-Reperfusion Injury

Hyo-Soo Kim, MD/PhD/FAHA

Cardiovascular Center & Department of Internal Medicine,
Seoul National University Hospital

S N U H Cardiovascular Center



Structure and Mechanism of MPTP

Impermeable Permeability
state transition pore
Cytoplasm -
ofo - :
. B ADP - .
Wil ANT )i ) m) [N
ATP Malnx ' \/ “+ tROS

. lons, JATP
Solutes < 1.6kD
O—O—l o

Opening of MPTP CyP-D

« Triggered by Opening of MPTP
v ROS overload v' Loss of ATP
v’ Ca?* overload v' Mitochondrial swelling
v" pH normalization = Necrotic cell death

SN U H 6 Cardiovascular Center Cell Physiol Biochem 2007;20:01-22



Structure and Mechanism of MPTP

Molecular components of MPTP
« Cyclophilin D (CypD)
« Adenine nucleotide translocase (ANT)

* Voltage-dependent anion channel (VDAC)

* Benzodiazepine receptor (BR)
* Creatine kinase (CK)
* Hexokinase (HK)

ode

Opening of MPTP

Triggered by

v" ROS overload

v' Ca?* overload

v" pH normalization
Consequences

v Loss of ATP

v' Mitochondrial swelling

= Necrotic cell death

[ NN N N ] ( EE NNV EEEENENN] FENNNNNN

VDAC
-@
JL. — M
SN U H v Cardiovascular Center

FEBS Lett. 2010:584(10):2161-6.



MPTP in Myocardial Ischemia-Reperfusion Injury

Blood vessel
Cardiomyocyte Cardiomyocyte
» H* H' - '

el — \\ash-out of lactic acid
Na*

Hypoxia —» Anaerobic respurahon — (exchanges

‘[’Lowered pH 1 exchay
[MPTP remains

closed

Restoration of

ger physiological pH
SR
> ROS > —>Ca?-j l
\Ca2' 7 -
* Y Myofibril

‘ MPTP opens  hypercontracture

Reperfusion injury
Mitochondrion
reenergized

During REPERFUSION

Neutrophil
influx

Myoﬂbrll contracture
inhibited

Mltochondnon

4
\d i A

During ISCHEMIA

* Inhibited Ox-Phos « Mitochondrial ROS generation
= ATP depletion & Acidic pH « Mitochondrial Ca?* overload

« Minimal Mitochondrial Ca?* uptake * Normalization of pH

= MPTP: closed = MPTP opening = Cell Death

SN U H 6 Cardiovascular Center J Clin Invest. 2013;123(1):92-100.



Myocardial Ischemia-
Reperfusion Injury
. Neglected Therapeutic Target

S N U H E Cardiovascular Center



Prevention of Myocardial Reperfusion Injury

[l [l L] Intervention Target Patients (n) Outcome
« Cardioprotection Trials |z
EMIP-FR Trimetazidine Glucose metabolism 19725 No difference in mortality at 35 days
MAGIC Magnesium Membrane 6213 No difference in mortality at 30 days
stabilisation
. . Metabolism 120 Percentage reduction in myocardial infarct size (as % of myocardium
° A . T d th t f atrisk), by MRI at 4 days
I m S . O re u Ce e am O u n O n eC ro S I S Metabolism 20201 No difference in mortality at 30 days
= = = = Sodium 430 (stage1);  Nodifference in myocardial infarct size, by enzyme
after myocardial ischemia-reperfusion.
GLP1 receptor 107 Increase in myocardial salvage index at 90 days, by MRI

* No cardioprotective interventions B O ot
h ave b een I n CI u d ed I n g u I d el I n eS O r 4 hinfusion Complement 5745 No difference in mortality at 30 days

Inflammation 232 No difference in myocardial infarct size, by MRI at 5 days or 4 months
. . .
C I I n I C al p raCt I C e . 1 Protein kinase C 1083 No difference in myocardial infarct size
Natriuretic peptide 569 15% reduction in myocardial infarct size, by enzyme and 2-0%
receptor absolute increase in left-ventricular ejection fraction
HEBE-III Epoetin alfa Protective kinases 529 No difference in left-ventricular ejection fraction at & weeks or
-

~=sdistinf=ent -ize by erzyme or troponin T

-ventricular ejection fraction or myocardial infarct

However, several are currently under investigation

ocardial infarct size at 6 days or 3 months, by MRI

- CyC I oS p 9] ri N , TRO40303’ NO’ Metfo rm I n ’ etc ocardial infarct size at 514 days, by SPECT

‘‘‘‘‘‘‘‘ e Aiblriermen i tramnmin T e laft sinmbeicnilar ainctinm fmctinn.

Notable forthcoming or ongoing studies

CIRCUS Ciclosporin . g972
CYCLE Ciclosporin . 444
EMBRACE Bendavia - 200
MitoCare TRO40303 - 130
DETO X-AMI Oxygen - 6600
PRESERVATION 1 IK-5001 - 306
MVO Vasodilators . 297
GIPS-lI Metformin - 380
NOMI Nitric oxide - 230
References or NCT identifiers of trials are provided in the appendix (pp 1-2). PCl=percutaneous coronary intervention. STEMI=5T-segment elevation myocardial infarction. TIMI=thrombolysis in myocardial infarction.

Table 3: Cardioprotection trials of more than 100 STEMI patients

SN U H Cardiovascular Center Lancet 2013; 382: 644-57




Prevention of Myocardial Reperfusion Injury

 Cyclosporin A (CsA; inhibitor of MPTP opening)

« Mechanism of Action
— CsA binds to & inhibits cyclophilins
— CsA/CypD complex inhibits MPTP opening

Impermeable Permeability
state transition pore
Cytoplasm .
olo /\ -
= = g <
>
> ADP - O
[eoocesococee 000000 000000 00
) ! |
(I anT i P
ATP Matrix : \/ - + $ROS

s IOFIS,
t(Ca ]/ Solutes < 1.6KD

CyP-D

SN U H U Cardiovascular Center Cell Physiol Biochem 2007;20:01-22



NECRO-X DATA IN OUR LAB

 Hypothesis / Aim of study
* To reduce the infarct size of the heart
after ischemia-reperfusion injury
by using the necrosis inhibitor, NecroX-7

= The necrosis inhibitor will reduce
the necrotic cell death and the infarct size
In the In vitro and in vivo models of
myocardial ischemia-reperfusion injury

S N U H G Cardiovascular Center



In vitro evaluation

. Mitochondria swelling measurement (Turbidity)

. Mitochondria swelling using Confocal Images

. TEM for Mitochondria swelling and Nucleus

. P1/ FDA staining and cell count

. FACS analysis using Pl / Annexin-V

. Mitochondria membrane potential measurement using JC-1
. Western blot for necrotic/apoptotic signaling pathways

. Ca?* influx in mitochondria under hypoxia-oxidative stress/reoxygenation stress

© 00 N O 0o B~ W N P

. ROS scavenging activity measurement (DHR 123, DCF-DA)

10. NADPH oxidase activity measurement

S N U H E Cardiovascular Center



Measurement of mitochondrial Ca4* influx

Under hypoxia-oxidative stress/reoxygenation condition

Vehicle ( 3~5 minutes)

[ Vehicle-treated H9C2 cells ]

* Condition: Hypoxia (24hrs) - Reoxygenation (90mins)

o : free Ca2+ level

* Green (Mitotracker) : mitochondrial shape

H9C2 cells pretreated with vehicle (DMSO) exhibiting rapid
increase in Ca2+ influx and mitochondrial swelling.

Necrosis Inhibitor (over 30minutes)

[ NecX-treated H9C2 celis ]

. r?, 4 "
-‘.." "v't;
ak ¢
- oy 1
‘.. -
. 220 EF
l7 9 o o
.1' p c . “
*
. d', ';—'
3 HEE
* Condition: Hypoxia (24hrs) - Reoxygenation (90mins)
o : free Ca2+ level

* Green (Mitotracker): mitochondrial shape
H9C2 cells pretreated with necrosis inhibitor (NecX) showing
minimal increase in Ca2+ influx and preserved mitochondrial shapes.



Measurement of inflammatory cytokine
& cardiac enzymes at 12 hours after I/R injury

IL-6 TNF-a HMGB1
10+ 0.8-
8- —
—_ ) = 0.6
- £ =
E D 6- 2
g =~ — 04
w 0 44
[ |_|_ (3
= = =
- 2 T 0.2
- 0- 0.0-
Control CsA NecroX Control CsA NecroX Control CsA NecroX
LDH CK Troponin T
3000- 2000 - 10+
T 8l
1500- £
—_— =
A —
5 g £ 6-
= = 1000 —=
5 X £ 4
- © S
500 oy )
= i
0- 0- 0-
Control NecroX Control CsA MecroX Control CsA NecroX

S N U H E Cardiovascular Center



IL-6

IL-6 (pg/mL)
TNF-a (pg/mL)

Control CsA NecroX Control

LDH

3000+ 2000+

15004

CK (IUL)
>
(=]
S

LDH (lU/L)

5001

0- 0-
Control MNecroX Control

S N U H ' Cardiovascular Center

TNF-a

CsA

CK

CsA

NecroX

| |

NecroX

HMGB1 (ngijiL)

Troponin T (ng/mL)
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IHC for HMGB1 at 12hr after I/RI

Brownish
stained HMGB1

Why 12 hours
after MI/R injury?
: Necrosis is early
process in MI/R

S N U H 6 Cardiovascular Center



NecroX blocked the necrotic signhaling pathways

Apoptosis
Inducer

Veh JNecroX§ VitC Z-VAD Veh DR
Full length PARP1
(116kDa) -

Cleaved-PARP1
(89kDa; apoptosis)

Cleaved-PARP1
(55kDa; necrosis)

Cleaved caspase-3

a-tubulin

Cleaved PARP-1 (55 kDa) / a-tubulin Cleaved caspase-3 | a-tubulin

£l
&

-
ha
=

=
o
3

Cleaved PARP-1(55 kDa) / aubulin
& -
° -
Cleaved caspase-3 | a-tubulin
e a
r

Veh|NecreX] VitC ZVAD Veh DR * Veh|NecroX|VitC ZVAD Veh R

. Apoptosis Apoptosis
H-OR inducer H-O/R inducer

S N U H 6 Cardiovascular Center

Seeding with HOC2 cells

24 hours of 24 hours of Hypoxia 45 min. of
incubation 23.75 hours | 15 min Reoxygenation
Hypoxia Oxidative stress (H,0,)

Harvest
Pre-treatment

Cleaved-PARP1 (55kDa), the necrotic fragment
was significantly expressed in the Vehicle-treated
HIC2 cells under H-O/R stress.

The necrotic fragment was reduced by NecroX.

The main mechanism of cell death after H-O/R
stress was not apoptosis but necrosis that was
prevented by NecroX.

Veh: Vehicle
DR: Doxorubicin (apoptosis inducer)
H-O/R: Hypoxia-Oxidative stress/Reoxygenation



NecroX blocked the necrotic signaling pathways

RIP1 | g-actin RIP3 | B-actin
H-O/R 15 0.8
Hypoxia H,0, ven INecrox]vit C z-VAD
only only "
g 12 £
RIP1 —_ i < 04
& £
e 05 o
RIP3 "
o 0.0-
Hypoxia H:0: Veh [NecroqVitC 7.vAD Hypoxia H;0; Veh |[NecroX]VitC ZVAD
Phospho-p38 only only only only
H-O/R H-O/R
Total p38 Phospho-p38 / total p38 Phospho-JNK [ total JNK
0.20 0
8 z
Phospho-JNK o T s
g :
%u.w £
Total JNK 2 !
] s
.E 0.05 g 0.5
= £
B-actin 000 oo
Hypoxia H:0: Veh VitC Z.VAD Hypoxia H,0: Veh |Necroq VitC Z-VAD

only only only only

H-OR H-O/R

* Necrotic signal pathways were effectively
blocked by the treatment with NecroX.

E Veh: Vehicle
S N U H Cardiovascular Center H-O/R: Hypoxia-Oxidative stress/Reoxygenation



