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The complement system and cascade

= Group of approximately 20 plasma proteins
= Essential part of the innate immune/defense system
= Many complement proteins are produced in the liver

= Activation
» Antibodies

» Bacteria/viruses

C5bCoCTCE C9 subunits
complex channel

Conestat alfa and IRI




The complement system and cascade

Role of complement in many diseases
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The complement system and cascade

Alexion Provides Update On Phase 2 Clinical Trial
g bl With Eculizumab In Antibody Mediated Rejection
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The complement system and cascade
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Complement activation
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The complement system — a hot topic
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C1 esterase inhibitor (C1INH)

= Human plasma protein — multiple-action-multiple-target inhibitor

(complement, coagulation and contact (kinin) system, fibrinolysis)

Fibrinolysis
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Coagulation system Plasminogen — Plasmin
X — b
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Panagiotou A, Frontiers Immunol 2018
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C1INH is a potent MASP-1/-2 inhibitor
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Infarct Size (%)

Ischemia/reperfusion injury (IRI)

Blocked Lumen in Branch
of Left Coronary Artery

Myocardial ischemia in absence

704 - of reperfusion
Infarct size, 70%
60+
50+
40-
Myocardial ischemia with reperfusion

30+ = Reperfusion reduces infarct size by 40%
Part of the remaining 30% infarct is due
to lethal reperfusion injury and

20+ is therefore preventable
10+
Myocardial ischemia with reperfusion
54 -

and cardioprotection

o4 Preventing lethal reperfusion injury reduces

infarct size by a further 25%, realizing the
full benefits of reperfusion

Ischemia

0 |

Hypoxic injury

www.msdmanuals.com

Reperfusion: spontaneous,
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Examples of IR

IRI injury is a feature of many diseases

« Major (cardiac) surgery
« Sepsis (DIC)

* Autoimmune diseases
» Transplantation

* Trauma / major bleeding

_\|_| Universitatsspital
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Mechanisms of IR _

Coagulation system

Macrophages

T cells oo Complement system
1T

B-cells Inflammation * Cytokines

Neutrophiles

Endothelial cells

Free oxygen radicals Kinin system

Unstable Molecule
(Free Radical)

)

- Tissue damage
Conestat alfa and IRI Ce" death
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Mechanisms of IR _

Coagulation system
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IRl and the lectin pathway of complement

Yerebral ischemia / Cardiac ischemia
& '

3

P ¢ ¢ ¢ 3 | = WA )
E ... v e j >
3 ] T%vev— _ e i
2 MASP-2-/-
o
: Ll Lectin pathway
E deficient

’ >

Lectin pathway
deficient

Lectin pathway deficiency attenuates IRl in animal models
(cardiac, cerebral, renal, muscle, gut ischemia)

Gesuete R et al., Ann Neurol. 2009 Schwaeble WJ et al., PNAS. 2011
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IR| and lectin pathway inhibition

Cerebral ischemia Renal ischemia

5007 -O-sham
400 -@- control antibody Ak
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o 300
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S 2000 —— 0 12 24 3% 48 60 T2
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‘@ 1004 o
fo & T
= 0 ! . . Van der Pol et al., Am J Transplant 2012
vehicle Lectin pathway inhibitor Orsini F, Circulation 2012

Inhibition of the lectin pathway limits ischemic damage in
animal models (cerebral, renal, intestinal ischemia)
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Of mice and humans....

Right kidney :'LE:; L
(RK)
‘4
.

Conestat alfa and IRI
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IR| and the lectin pathway in humans

Cerebral ischemia
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Lectin pathway deficient MBL >100 ng/mi

Osthoff M et al., PLoS One. 2011
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C1 esterase inhibitor (C1INH)

= Human plasma protein — multiple-action-multiple-target inhibitor
(complement, coagulation and contact (kinin) system, fibrinolysis)

Fibrinolysis
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Panagiotou A, Frontiers Immunol 2018

_\|_| Universitatsspital
Conestat alfa and IRI 26.10.2019 4 Basel



Future applications of rhC1INH in IRI
Renal ischemia

* A reduction in renal perfusion is the consequence of many diseases

* Infections
* Heart failure
* Kidney transplantation

* Trauma
- - 1.0+
° Major surgeries %\
. Ve
oot L-‘.I:-:'- ) -----‘__-_l'}__.--‘ _______
* Associated with a worse prognosis 0 TRmmy, TS
S e,
* Very little interventions available = KDIGO stages Tl
g 0.8 —MNo AKI o g
S --KDIGO 1 .
4 -7 "KDIGO 2
? — KDIGO 3
@
E
7 0.7
w
survival in KDIGO stages compared with no AKI
KDIGO 1: HR 3.2 (95% CI 1.6 - 6.3)
KDIGO 2: HR 4.7 (95% Cl 2.2 - 10.1)
0.6 KDIGO 3: HR 5.3 (95% CI 2.1 - 13.1)
Petdja L, J Cardiothorac Vasc Anesth 2017
0.5
T I T T T T
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rhC1INH as potential treatment for renal IRI

Complement deposition in the kidneys

Survival
1001 e g -—-% 5% Sham+PBS
90- 4 Sham+ C1INH
_ 80 8 IR +P8S
= IR+ CIINH
Z 701 i
% i \
¥ 507
8 40-
S 30y
201 —
10- H
c L) L Ll 1 L] L] L L] 1
0 10 20 30 40 50 6 70 80 90
Time (days)

~ rhC1INH
— placebo

placebo rhC1-INH

Castellano G, Am J Patholog 2010; Danobeitia JS et al., PLOS one 2017
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rhC1INH as potential treatment for renal IRI

Survival
1004 SRS L S b ¥ &7 Sham+PBS
90 ‘ 4 Sham+ C1INH
B8 IR +PBS
© 80' =& IRl +C1INH
2 707 "
E ]
ﬁ s \
¥ 501
g 40+ L

| Renal transplantation

Castellano G, Am J Patholog 2010; Danobeitia JS et al., PLOS one 2017

Glomerular complement deposition

Nephroprotection (infarct, sepsis, surgery, trauma...)

Conestat alfa and IRI

26.10.2019
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Future applications of rhC1INH in IRI
Ischemic stroke

* Third leading cause of death

(0= * Leading cause of disability in adults
Treatment Good outcome up to 4.5 hours
* Intravenous fibrinolysis (clot lysis) after onset of symptoms

e Conservative management (70-80%!)

Future treatment
* Intravenous fibrinolysis +/- endovascular thrombectomy
* Only endovascular thrombectomy

Good outcome up to 6 (-24h) hours after onset of
symptoms

Emberson J et al., Lancet 2014

Conestat alfa and IRI 26.10.2019 24 -




rhnC1INH as potential treatment for cerebral IRI

501 Infarction volume

3

40-

304

20+ ok o

Infaction volume, mm

Salline pre 3h rl)ost 6h rl)ost 18h Ipoy

~

rh-C1INH

rhC1-INH 3h

Gesuete R et al., Ann Neurol. 2009

Is rhC1INH superior to plasma-derived products?

Conestat alfa and IRI 26.10.2019 25

Infarction volume

Ischemic stroke = blood clot in the brain



Same, same but different

Human plasma derived C1INH Conestat alfa (rhC1INH)

N-glycans

a8 4
4
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Lectin pathway inhibition
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Future applications of rhC1INH in IRI

Ischemic stroke

* Third leading cause of death

e

Treatment
* Intravenous fibrinolysis

Future treatment

* Conservative management (70-80%!)

* Intravenous fibrinolysis +/- endovascular thrombectomy

* Only endovascular thrombectomy

Good outcome up to 6 (-24h) hours after onset of
symptoms

. 3
Infaction volume, mm

Emberson J et al., Lancet 2014
Gesuete R et al., Ann Neurol. 2009
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* Leading cause of disability in adults

Good outcome up to 4.5 hours

0

1
Saline

*%*

Q)re
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rh-C1INH
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Future applications of rhC1INH in IRI
Myocardial infarction

* Major cause of death worldwide
» Effect of current treatment has reached a plateau.

Treatment
e Coronary angiography
* «Blood thinner»

Puymirat E, Circulation 2017
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Future applications of rhC1INH in cardiac IRI

C1INH
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Future applications of rhC1INH in IRI
Myocardial infarction Troponin T

~ 12:00
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E o
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S 0l 2 oo
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104 —&— C1-INH Group Hours after onset of symptoms

Fattouch K et al., Eur J Cardiothorac Surg 2007
Thielmann M et al., Eur J Cariothorac Surg 2006
De Zwaan C et al., Eur Heart J 2002
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Various other potential future applications

Traumatic
brain injury

Transplantation Sepsis

Severe infections

Cardiac surgery

Veno-arterial (VA) ECMO

supports both heart and lungs

Transcatheter

aortic valve
replacement
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Conclusion

Ischemial/reperfusion injury is common!

Pharmacological interventions have not yet been successful

rhC1INH is a promising compound for the treatment of IRI
= Multiple-target, multiple-action inhibitor of important IRI pepetrators
= Successful intervention in animal models of IRI
= Safety is excellent

= ?superior to pdC1INH

Future trials in patients with myocardial infarction or stroke warranted
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Thank you very much for your attention

Contact:

Michael Osthoff, MD

University Hospital Basel

Division of Internal Medicine
Petersgraben 4, 4031 Basel, Switzerland

Email: michael.osthoff@usb.ch
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