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COMPLEMENT: HEAT LABILE BUT NOT RESISTANT TO THERAPEUTICS

Approved indications for anti-complement therapeutics
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COMPLEMENT SYSTEM — FUNCTIONS
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PROXIMAL COMPLEMENT ACTIVATION

Classical & Lectin Pathway Alternative Pathway
C3
C4b2a 45 C3(H,0)Bb
CP/LP convertase early AP convertase
C3a A

C3b ‘
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Schmidt CQ et al. Blood 2022

e 5-}_:}':;;[-1:5 - Paroxysmal Nocturnal Hemoglobinuria: Firenze, 3-4 ottobre 2024

Grand Hotel Baglioni

at theerossroads of somatic mutations, clonal expansion and immunity



PROXIMAL COMPLEMENT ACTIVATION

Classical & Lectin Pathway

A

Alternative Pathway

s-0-4

C3 autoactivation

Specific recognition of activated enzyme spontaneous
PAMPs & DAMPs complexes hydrolysis
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C2 FB, FD
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CP/LP convertase early AP convertase
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PROXIMAL COMPLEMENT ACTIVATION

Classical & Lectin Pathway Alternative Pathway
Specific recognition of activated enzyme spontaneous
PAMPs & DAMPs ’ complexes hydrolysis
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PROXIMAL & TERMINAL COMPLEMENT ACTIVATION

C3

Classical & Lectin Pathway

A

Alternative Pathway

Specific recognition of activated enzyme spontaneous
PAMPs & DAMPs complexes hydrolysis
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th e C4a, C2b C3 Ba, FD
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AP convertase
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9 9y MAC « deposited

Berends ETM et al. BMC Biology 2015

Terminal pathway activation
proceeds efficiently ONLY
on surfaces

Jore MM et al. Nat Struct Mol Biol. 2016
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COMPLEMENT CASCADE: UNDER CONTROL

Complement

regulators

Classical & Lectin Pathway

A

Alternative Pathway

Specific recognition of activated enzyme spontaneous
PAMPs & DAMPs complexes hydrolysis
C4 C3(H,0) —— C3
CD55 c2 FB, FD
CRl C4a, C2b Cc3 Ba, FD
C4BP | >| <

; +7 CP/CP convertase lv P Vert
Terminal Pathway \ ¢ early A% corWertase
, C3a A CD55
AC5a ‘/, S | AP CRl
€ ——— i —— C3b amplification C3b
7/_\ o " loop '\ Factor | Factor H
1 *
Inflammatory ©ob Primed C5 o %\ o F//;acl‘il’aﬁo" + Factor H
) N .
C6 o FB, FD Cab 4 Cotagy IC3b, 4 MCP
I c7 C5 priming e C3dg
c8 « + CR1
CD59 | |co «
C5 C3b (£ Cab)
densely
deposited
MCP (= CD46)
CR1 (=CD35) Mannes M et al. Blood 2021

i , »Iaalroxysmal Nocturnal Hemoglobinuria:

Schmidt CQ et al. Blood 2022

Firenze, 3-4 ottobre 2024
Grand Hotel Baglioni

at theerossroads of somatic mutations, clonal expansion and immunity



COMPLEMENT SYSTEM — FUNCTIONS

Complement
effector
functions

C3
Complement
regulation

Complement
activation
cycle

Opsonisation
Anaphylatoxins
Membrane attack complex

Out of balance:

Schmidt CQ et al. Blood. 2021
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COMPLEMENT CASCADE: OUT OF CONTROL IN PNH

Mannes M et al. Blood 2021
Schmidt CQ et al. Blood 2022
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COMPLEMENT CASCADE: OUT OF CONTROL IN PNH

Classical & Lectin Pathway Alternative Pathway
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PNH & ANTI-C5 THERAPY

Classical & Lectin Pathway Alternative Pathway
Specific recognition of activated enzyme spontaneous
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THE FIRST COMPLEMENT INHIBITOR: ECULIZUMAB TARGETING C5

> ‘life transforming therapy’ approved for

« paroxysmal nocturnal haemoglobinuria (PNH)
» atypical haemolytic uraemic syndrome (aHUS)
» generalised myasthenia gravis (gMG)

* Neuromyelitis optica spectrum disorders (NMOSD)

> cost of therapy: about 400 000 Euro per annum
> risk of meningococcal infection (despites vaccination)

> not all patients benefit fully (e.g. for some PNH patients
transfusion dependency remains)

reviewed in Schmidt CQ et al. Eur J Immunol. 2024
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TIME COURSE OF APPROVED ANTI-C5 COMPLEMENT THERAPEUTICS:

Approved indications for anti-complement protein therapeutics
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eculizumab

ravulizumab

PK breakthrough
described

(Kelly et al 2008)

Antibodies

ravulizumab

anti-C5
eculizumab
ravu
eculizumab
>
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time Schmidt CQ et al. Immunol Rev. 2023
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RAVULIZUMAB

« monoclonal humanized antibody based on Eculzumab
* 4 amino acids changed for improved FcRn cycling

Human germline
Variable framework regions
’ heavy
' chain

Complementarity determining
regions (murine origin)

“—— e« 2 amino acid changes

Human kappa
light chain
constant region

Human IgG2 heavy chain
constant region 1 and hinge

e o ot « 2 amino acid changes
G—

J Lee JW, Kulasekararaj AG. Expert Opin Biol Ther. 2020
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RAVULIZUMAB

« monoclonal humanized antibody based on Eculizumab
* 4 amino acids changed for improved FcRn cycling

S Extracellular space
W’ ALxXN1210:C5
Ad

\A I

Endothelial or epithelial cell

Lee JW, Kulasekararaj AG. Expert Opin Biol Ther. 2020
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RAVULIZUMAB VS. ECULIZUMAB DOSING IN PNH

Eculizumab Dosing Schedule

Dose (mg) 600 600 600 600 900 900 900 900
] | | | | | | | _ Continues every
I D | ! | i 2 weeks
Weeks ] 2 3 4 5 7 9 11
Induction phase Maintenance phase

Ravulizumab Dosing Schedule

(for 70 kg Patient)
Dose (mg) 2700 3300 3300 3300
| | | | ~ Continues every
| 1 | | - 8 weeks
Weeks 1 3 11 19
Loading :
dose Maintenance phase

Stern RM, et al. Ther Adv Hematol. 2019
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RAVULIZUMAB VS. ECULIZUMAB IN PNH: 301 & 302 STUDY

Measurement of free C5 in patient blood

301 study (Ecu or Ravu)

Ecu:

Mean free C5 (ug/mL)

;Z [ 1. /L 1 I/

| S 5 I g

BL/1 8 15 22 29 43 57 71 85 99 113 127 141 155 169 183
Visit (Day)
b 4.0 1
3.5 4

Ravu:

Mean free C5 (ug/mL)
(]
<

1.0 1
0.5
0.0 1 —8—o 8— o —8— —8
BL/1 8 15 22 29 43 57 71 85 99 113 127 141 155 169 183
Visit (Day)
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Ravu:

Mean free C5 (pg/mL)
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1.5 4

1.0 4

0.5

0.0

302 study (switch from Ecu to Ravu)

4.0 1

|
1
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Visit (Day)
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TIME COURSE OF APPROVED ANTI-C5 COMPLEMENT THERAPEUTICS:

Approved indications for anti-complement protein therapeutics

=1 Em ]

eculizumab

ravulizumab

PK breakthrough
described

(Kelly et al 2008)

Antibodies

ravulizumab

anti-C5

extravascular eculizumab
hemolysis
described ravu.

(Risitano et al 2009)

eculizumab

2007 2011 _ 2017 2019 2021
time Schmidt CQ et al. Immunol Rev. 2023
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PROXIMAL CASCADE IS STILL ACTIVE UNDER C5 INHIBITION

RES macrophages:
—> clearance of C3-

Classical & Lectin Pathway Alternative Pathway opsonised PNH-RBCs:
L) .
Y *' - extravascular haemolysis
Specific recognition of activated enzyme t _ .‘f
PAMPs & DAMPs ' complexes Smgriﬁ];?; ’ e~ .
C c3 =
C5 inhibitor ca C3(H:0)
Cc2 FB, FD
C4a, C2b Cc3 Ba, FD
Trigger of
) C4b2a d b C3(H,0)Bb complement RBCs from eculizumab
Terminal Pathway \ .~ CP/LP convertase early AP con activation treated PNH patients
e 022
AP :
....... C3bBb = P| amplification  C3b ‘ "
loop ol
AP convertase 1 o)) - . .
Primed C5* o Neens LO Loy, T 3 = s
Ba, FD%\ M“W_ 8 e W
FB, FD C3b 4 actor IC3b, = 5 -
C5 priming e C3dg c + EO
e <
C3b :
+ C4b .
densely( ) / Anti C3d FITC
deposited
Risitano et al. Blood 2009
Hill et al. Haematologica 2010
Hochsmann et al. Vox Sang 2012
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TIME COURSE OF APPROVED ANTI-C5 COMPLEMENT THERAPEUTICS:

Approved indications for anti-complement protein therapeutics the u neXpeCted
B Em ] always happens ...
B Residual C5 PD breakthrough A b
= r?qr;?n'oltli(ct;?dugh activity described unraveled l)l <K«11]<l
(Risitano et al 2015) (Harder et al 2017) (Mannes et al 2021) BRAM STOKER

eculizumab

ravulizumab

PK breakthrough
described

(Kelly et al 2008)

Antibodies

ravulizumab

; Ex vivo analysis shows that CP
anti-C5 : _
is completely blocked while AP
extravascular is not. (Wehling et al 2016) eculizumab
hemolysis
described Residual C5 activity is ravu.

(Risitano et al 2009) boosted during infections

(Harder et al 2019)

eculizumab

>
2007 2011 2017 2019 2021

time Schmidt CQ et al. Immunol Rev. 2023
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RESIDUAL AP C5 ACTIVITY — LITERATURE EXAMPLES IN/EX VIVO

Clinical & Experimental Inmunology
The Journal of Translational Inmunology

(W T=TEL LRSS C I PO GG ORIGINAL ARTICLE doi:10.1111/cei.12890

Monitoring of complement activation biomarkers and eculizumab

in complement-mediated renal disorders C. Wehling,* O. Amon,’
M. Bommer,' B. Hoppe,’®

(Fig. 4a). While the haemolytic activity of the classical path- K Kentouche,’ G. Schalk,*
way was constantly undetectable under treatment, aremain- & Weimer, ' M. Wiesener,”

. . - " B. Hohenstein,*® B. Tonshoff,!
ing haemolytic activity of the alternative pathway was

R. Biischer,*** H. Fehrenbach, "
observed, with APH50 values up to 20% (Fig. 4b). C3 levels  _N. Goki* and M. Kirschfink*

immunologgy

in most aHUS cases presented here the function of the classi-
cal and alternative pathway was inhibited completely, in
some patients (e.g. aHUS patients 3 and 6 at T1) the alterna-
tive pathway in particular showed remaining haemolytic
activity up to 67%, despite high concentrations of
eculizumab.
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WHAT WE DO NOT EXACTLY UNDERSTAND — ONE EXAMPLE

« there are two versions of breakthrough events under
Eculizumab therapy: pharmacokinetic & pharmacodynamic

LDH course 5 patients (set 2)

) i no signs of infections; PK breakthrough at the
600 R fg&_’ggﬁud'zm 4 . #05 end of dosing interval
500 - ',.": CRF'.Er-I #,"' e 06.10.2015: patient reported infection
40°C fever e ,x"'
=400 - * S P #08: 01.06.2015, LDH: 264
= -=="" “upper respiratory tractinfection”
5 300 | o '
200 - -
#12
100 g y .
22/11/2013 27/12/2014 31/01/2016 06/03/2017

Harder MJ et al Front Immunol. (2019) 10:1639
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Pharmacodynamic
breakthrough of
C5 Inhibitors
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AP RABBIT-RBC ASSAY IN SERUM OF A HEALTHY INDIVIDUAL

100 A

% total lysis

20 A

80 A

60 A

40

-€—NHS
X PBSE

0,01 0,1 1

Concentration Ecu [uM]

@ ~-
‘?\0\_

Harder MJ et al Blood. 2017 129:970-980
Mannes M et al. Blood. 2021. 137:443-455
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AP RABBIT-RBC ASSAY IN NHS & SERA OF PNH PATIENTS ON ECU

PR

-—N\HS P#4

: o
100 - —@-Pi#l —@—P#5 Rabbit @
o s P#2 X PBSE Erythrocytes
g 6= P#3 (r-RBC)
g human
2 4 serum
O\O ‘L >4 Ad . e ik . 4 h4
20 4 e PEEN ARy PAES ::: ::: ::: ‘:‘ : f ECU ‘
0 e ——rrrr X,
0,01 0,1 1

Serum (25%)
(

_ Mg-EGTA)
Concentration Ecu [uM]

S
® “° vo Yo %

+rRBC @

r
Y
\f. \‘ Spectrophotometre
x 1‘: ‘:‘_’ /N
™

patient @ or @

Harder MJ et al Blood. 2017 129:970-980 serum with ' ‘
Mannes M et al. Blood. 2021. 137:443-455 Eculizumab Protection Lysis
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RESIDUAL AP C5 ACTIVITY — LITERATURE EXAMPLES IN VITRO

A
‘% » Similar, residual C5
£ 6 activity effects seen also
< &0 by other laboratories
20 :
10
0
1 10 100 1000 10000 100+
nM OmCI

From: Nunn MA et al J Immunol. (2005) 174(4):2084-91

1% serum

Coversin
(a) {b)
T g -0~ 0:25% NHS B go. ©-0-25% NHS
2 O 0-5% NHS ® o+ 0-5% NHS
= 1% = —r— 19
S ol 1% NHS S el 1% NHS . . ' : _
5 S 10-% 104 109 107 104
£ 40 & 40f P Cancentration inhibitor (M)
@ w
W
% o0k 220 &x: Altemnative pathway
g | g S g - 10% serum
% o 1 1 1 1 1 1 % 0 H00 : .
T UNAS0 31625125 25 50 nMomci| T ANMSO 05 1 8 nMecu N = = RaCH
5:_? o-2.5% NHS Eg} 0-2.5% NHS § —— RaCl3
e O 3.75% NHS L T 3.75% NHS ~+ RaCl4
E’*li y —A-5% NHS 5133 T—&—&  -2-5%NHS E 501 —— OmC
=3 - =
R = = AN S eof O g
= % & 80}
f: I E_Q_Q\GLB::E 2
£ B 258 0 : : : ,
g 4o 2 20r 10 109 104 107 104
D 1 ] 1 L ] 1 L D
£ "ANHSO 08 4 20 100 500 nMOMCI 8 ANHS 0 05 255 12 60 300 nM ecu Conentratian inhibior (M}
NHS NHS
From: Blom AM et al Clin Exp Immunol. (2014) 178(1):142-53. From:

Jore MM et al Nat Struct Mol Biol. (2016) 23(5):378-386



STRUCTURAL KNOWLEDGE ABOUT C5 & ITS ACTIVATION IS PATCHY

assumed engagement of C5 with C3bBb:

C5:Ecu

Schatz-Jakobsen JA et al J Immunol. (2016) 197(1):337-344.

the problem:

., Cba
** scissile
bond

C5:Coversin

;
&N

Jore MM et al Nat Struct Mol Biol. (2016) 23(5):378-386



AP RABBIT-RBC ASSAY IN SERUM OF PNH-PATIENTS ON ECU

AP-mediated lysis of rabbit RBCs in NHS or serum from 5 Ecu-treated PNH patients with addition of

Ecu Coversin
100 100 -
g e H(01-1 == #(5
— 60 —de= #02-1 X PBSE| g0 -
g e £03 Ecu
= 40 - 40 -
=
20 20
-, Cba
** scissile
ﬂ —TT=TTTTIT T TTTT .x\ 0 =TT T T bond
0.01 0.1 1 0.01 0.1 1

Ecu (added) concentration [puM] Coversinconcentration [uM]

How severe can
this residual C5
activity get?

TED

> Sera from different PNH patients have different levels of residual haemolysis
> C5 double inhibition efficiently & completely inhibits C5 activation

Harder MJ et al Blood. 2017 129:970-980; Schatz-Jakobsen JA et al J Immunol. (2016) 197(1):337-344.; Jore MM et al Nat Struct Mol Biol. (2016) 23(5):378-386



CORRELATING STRENGTH OF C-ACTIVATION WITH RESIDUAL C5 ACTIVITY

allo-antibodies ~
analyte (as surrogate e. g 7 f

(e.g. ecullzumab) autoantlbodles
\ RBCs @
v PNH patient
( blood group 0

l

~——
( "ff% determination of lysis of antibody-

sensitised PNH Il RBCs (FACS analysis)




CORRELATING STRENGTH OF C-ACTIVATION WITH RESIDUAL C5 ACTIVITY

Three titers of anti-PP1Pk . anti-PP1PX titer: - Eggg
& increasing conc. of Eculizumab (50% serum) - (026)
100 -

8 Harder MJ et al Blood (2017) 129:970-980

m

o 80 n

T i

= 60

o

© 40 -

2}

2

- 20 A

) i B

0 B ==m e

0.04 0.07 0.15 : 1.2
eculizumab [uM]
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CORRELATING STRENGTH OF C-ACTIVATION WITH RESIDUAL C5 ACTIVITY

Three titers of anti-PP1PX - anti-PP1Pk titer: : 88;
& increasing conc. of Eculizumab f (50% serum) - (0:6)
100 -

8 Harder MJ et al Blood (2017) 129:970-980
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0: 80 .
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= 60
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L
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eculizumab [uM]
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CORRELATING STRENGTH OF C-ACTIVATION WITH RESIDUAL C5 ACTIVITY

— “pharmacodynamic breakthrough”

» depends on the strength of complement activation
(C3b density)

Three titers of anti-PP1Pk anti-PP1Pk titer: : 883
& increasing conc. of Eculizumab (50% serum) - (0-6)

100 -
Harder MJ et al Blood (2017) 129:970-980

% lysis of PNH IIl RBCs
iy (o)) (0}
o o (@)

N
(@)
1

o
1

0 0.02 0.04 0.07 0.15 0.3 0.6 1.2
eculizumab [uM]

e @ e vev



Molecular mechanism of
activating the Complement
component C5 and implication

for 1ts inhibition



TEXTBOOK KNOWLEDGE, QUESTIONS AND HYPOTHESIS

CBa
ﬂ) C3a release “ mﬂﬁﬁcatioq ‘
‘ C3bBb:C3 C3bBb:C3b
C3b deposition on foreign surface .

C3 convertase high C3b density

o
>

-

concept 2: ,priming event”

How is C5 activated?

What is the molecular arrangement of the C5 convertase?

What implications do these questions have on Complement inhibition?



REQUIREMENTS FOR C5 ACTIVATION

Berends et al. BMC Biology. 2015: 13:93

* Fluid phase: >> next to no C5 activation

» High C3b density (on a surface) needed for C5 activation

- Is a fluid phase convertase really sufficient?

- Is this convertase then bi- or trimolecular?



C5 BINDING TO C3B ON ERYTHROCYTES

C3b deposition

Binding of C5

(detected with anti-C3c antibody)

(C5 labelled with fluorescein)
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Harder MJ et al BLOOD (2017) 129(8):970-980



HEMOLYSIS POSSIBLE WITH FLUID PHASE CONVERTASE?

40 % Fl-depl. Serum
+ C5 double inhibition

Mannes M et al. Blood. 2021. 137:443-455

40 % Fl-depl. Serum
+ C5 double inhibition

High C3b density



HEMOLYSIS POSSIBLE WITH FLUID PHASE CONVERTASE?

C3b (1 pl, 1 mg/ml)

Factor B (1 pl, 1 mg/ml) 2 min
Factor D (1 pl, 1 mg/ml) wmpp  added 10 mM EDTA

MgCl, (10 mM)

\ J
1

measured supernatant at 405 nm

C5 (75 pg/ml) .%

C6 (64 ug/ml)

C7 (56 ug/ml) 10 min, RT 30 min, 37° C
C9 (60 ug/ml)

PBS

Mannes M et al. Blood. 2021. 137:443-455



HEMOLYSIS POSSIBLE WITH FLUID PHASE CONVERTASE?

non-opsonized cells

C3b-opsonized cells

100 -
100 - )
80 cells in H,0 cells in H,0
X cells in PBS X 8o cells in PBS
a 60 - C5-9 '; C6-9
% C5-9 + convertase 2 60 Cc5-9
E 40 g C5-9 + convertase
& S a0
< 2
20 -
20 4
0 0

No
convertase!!!!

-> Fluid phase convertase is sufficient for lysis
—> High C3b density cause lysis without convertase activity

Mannes M et al. Blood. 2021. 137:443-455



HYPOTHETICAL C5 CONFORMATION MODEL

@):@—’@; X

unproductive state metastable transition state C3,50

—
high density C3b surface very high density C3b surface
unproductive state ,primed” state C5b-like
_ ’
- csconf

Mannes M et al. Blood. 2021. 137:443-455



C5 BINDING TO C3B — CONCLUSIONS & LITERATURE

1. C5can be cleaved (activated) only when in addition to the enzyme-
generating components C3b is present on a solid surface

2. Newly discovered property of surface-bound C3b: C3b is capable of
reversibly binding C5

3. Aspecial configuration of surface-fixed C3b prepares or modulates
the substrate C5 to make it accessible for cleavage by (fluid) C3
convertases

A new function of the activated third component of complement:
binding to CS, an essential step for C5 activation

W. VOGT, GISA SCHMIDT, BEATE VON BUTTLAR & L. DIEMINGER Max-Planck-
Institut fiir experimentelle Medizin, Department of Biochemical Pharmacology, Géttingen, Germany

Vogt W et al Immunology. 1978 Jan;34(1):29-40



IS THE C5 CONVERTASE A TRIMOLECULAR COMPLEX OF C3bBb3b?

SPR experiment with chip assembled convertases C3bBb:

Binding to on-chip AP convertase

120
100
80
60
40
20

C3bBb

convertase +
buffer

response units

CMD chip

-20 -+ Y r Y ¥
0 200 400 600 800
time [s]

Mannes M et al. Blood. 2021. 137:443-455



SUMMARY POINTS PHARMACODYNAMIC BREAKTHROUGH OF C5

1. Strong complement activation (high C3b densities)
overrides the terminal pathway inhibition by eculizumab or
other stoichiometric C5 inhibitors

2. These C5 inhibitors reduce but do not abolish terminal
complement activity (unless two orthogonal C5 inhibitors)

3. The more powerful complement is activated, the less
effective is terminal pathway inhibition by diverse anti-C5
agents = pharmacodynamic breakthrough




IMPLICATIONS FOR THE COMPLEMENT CASCADE

Bimolecular (fluid phase) convertase is sufficient for C5
conversion after priming on a C3b opsonized surface



‘EVOLUTION" OF APPROVED COMPLEMENT THERAPEUTICS:

Antibodies

Peptide

Approved indications for anti-complement protein therapeutics

=1 | J

PD breakthrough Residual C5 PD breakthrough
mentioned activity described unraveled
(Risitano et al 2015) (Harder et al 2017) (Mannes et al 2021)

eculizumab

ravulizumab

PK breakthrough
described

(Kelly et al 2008)

ravulizumab

i Ex vivo analysis shows that CP
ant-C5 is completely blocked while AP
extravascular is not. (Wehling et al 2016) eculizumab
hemolysis
described

(Risitano et al 2009) boosted during infections

(Harder et al 2019)
eculizumab

anti-C3

Pegesizaag™"

>

2007 2011 2017 2019 2021

time

Residual C5 activity is ravu.

mm) C5i>>> C3i

Can these remaining
problems be
addressed by C3
Inhibitors?

Schmidt CQ et al. Immunol Rev. 2023



Other Complement inhibitors to
overcome the short-coming of

the C5 inhibiting approach



C3 PEPTIDE INHIBITORS : COMPSTATIN FAMILY

« PEGCETACOPLAN: Two compstatin Cp0O5 moieties are bridged by a 40 kDa polyethylene
glycol (PEG)

( ) 1 2 3 45 6 7 8 9 10 11 12 13 14 Kp (nM) . . pr
Compstatin I-[C-V-V--—--Q-D-W-G---H-H-R-C] -T 1600 g g Cere SRS
Analog CpO1 Ac-I-[C-V-W----Q-D-W-G---A-H-R-C]-T 150
Analog Cp05 Ac-I-[C-V-1MeW-Q-D-W-G---A-H-R-C]-T 12 >
Analog Cp10 Ac-I-[C-V-1MeW-Q-D-W-Sar-A-H-R-C]-TI 4.4 b olyethylenealycol (PEG)
Analog Cp20 Ac-I-[C-V-1MeW-Q-D-W-Sar-A-H-R-C]-mI 2.3
Analog Cp40 y-I-[C-V-1MeW-Q-D-W-Sar-A-H-R-C]-mI 0.5
ABM?2-Cp20 ABM2-I-[C-V-1MeW-Q-D-W-Sar-A-H-R-C]-mI D:15 Sl i
Cp40-KKK y-I-[C-V-1MeW-Q-D-W-Sar-A-H-R-C]-mI-KKK 0.21 i — . ¢
&
G ASPAVEL| .
1080 mg M
Infusionslésung '
Solution for infusion
Pegcetacoplan ﬁé”M
Pegcetacoplan
-
Fo e 19 7
:a:lvchstecnﬂasche ?
9Sobi s

Lamers C et al. Trends in Pharmacological Sciences, 2022



C3 PEPTIDE INHIBITORS : COMPSTATIN FAMILY

« Comstatins: Mode of action:

compstatin compstatin

C3bBb C3b 54 C3bBb

v e

4 N
C3 \4—», C3bBb
\_ compstatin J

Janssen BJC et al. J Biol Chem. 2007



PNH & C3 INHIBITION BY PEGCETACOPLAN VS. ECU

16-Wk Randomized,
4-Wk Run-in Controlled Period 32-Wk Open-Label Pegcetacoplan Period

Pegcetacoplan monotherapy (N=41)

Pegcetacoplan

1080 mg

P E GAS U S subeutaneously Pegcetacoplan

twice weekly

+

phase 3 clinical trial cculizumab p—

Eculizumab (N=39)

pegcetacoplan

! !

Baseline Day 1 Analysis of Primary
1:1 Randomization End Point

4-Wk Run-in Perio
(pegcetacoplan+ Randomized, Controlled Period

» eculizumab) (pegcetacoplan or eculizumab)

Pegcetacoplan

3

Lo

)

> T T I

(4] s 1

< 11.4 7 11.5

£

o

& !

£ =2 + T

f 8.5 2.3 Eculizumab 3.6

s

3

> 6

V
0 T T T T T T T T
Baseline Dayl Wk2 Wk4 Wke Wk3 Wk 12 Wk 16

No. with Available Data
Pegcetacoplan 41 40 40 40 39 37 38 37
Eculizumab 39 37 38 39 36 39 39 38

Hillmen P. et al. N Engl J Med 2021



NEW GENERATION OF COMPLEMENT THERAPEUTICS: A PROXIMAL INHIBITOR

2021:

The HEW EMGLAND JOURMAL of MEDICINE

ORIGINAL ARTICLE

2022:

The HEW EHNGLAND JOURNAL of MEDICINE

Pegcetacoplan versus Eculizumab
in Paroxysmal Nocturnal Hemoglobinuria

Peter Hillmen, M.B., Ch.B., Ph.D., |eff Szer, M.B., B.S., llene Weitz, M.D.,
Alexander Réth, M.D., Britta Héchsmann, M.D., Jens Panse, M.D.,
Kensuke Usuki, M.D., Ph.D., Morag Griffin, B.M.5c., M.B., Ch.B.,
Jean-Jacques Kiladjian, M.D., Ph.D., Carlos de Castro, M.D.,
Hisakazu MNishimeor, M.D., Ph.D., Lisa Tan, R.N., Mohamed Hamdani, M.5.,
Pascal Deschatelets, Ph.D., Cedric Francais, M.D., Ph.D.,

Federico Grossi, M.D., Ph.D., Temitayo Ajayi, M.D., Antonio Risitano, M.D., Ph.D.,

and Régis Peffault de la Tour, M.D., Ph.D.

REVIEW ARTICLE

Dan L. Longo, M.D., Editer

Breakthrough Hemolysis in PNH with
Proximal or Terminal Complement Inhibition

Rosario Notaro, M.D., and Lucio Luzzatto, M.D.



BREAKTHROUGH HAEMOLYSIS WITH PROXIMAL INHIBITORS

« Could it be pharmacokinetic BTH (PK-BTH)?

» Could it be pharmacodynamic BTH (PD-BTH)?

» MAC-mediated erythrocyte lysis despite
excess of C3 inhibitor over C3



Can there be a C5 convertase without C3b?



COMPLEMENT CASCADE UNDER C3 INHIBITION (1)

* Classical & Lectin Pathway

Specific recognition Activated enzyme
of PAMPs & DAMPs complex

C4/
C4b2a %
CP/LP C3 convertase \\‘

(£C4b) +///

Densely deposited
Densely deposited

Mannes M et al. Blood. 2021



C5 ACTIVATION WITHOUT C3 (1)

REGULAR ARTICLE { .blOOd advances

Absence of complement component 3 does not prevent classical
pathway-mediated hemolysis

Lingjun Zhang,' Yang Dai,' Ping Huang," Thomas L. Saunders,” David A. Fox? Jijun Xu,"* and Feng Lin"*®

'Departmenl of Inflammation and Immunity, Lerner Research Institute, Cleveland Clinic, Cleveland, OH; 2Trm'\sgemc Animal Model Core and ®Division of Rheumatology,

University of Michigan, Ann Arbor, MI; and “Depanment of Pain Management, Anesthesiology Institute, and SCole Eye Institute, Cleveland Clinic, Cleveland, OH
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COMPSTATINS: C3 INHIBITING CYCLIC PEPTIDES — THE BEGINNINGS

- ‘§O 100

serum = 5%

% ER lysis
[+)] o]
ja (]
1l

p 100 -
Y o
HH:O CP % 60 - serum < 1%
® 0 ide
S ES:

1 10 100
@ Peptide concentration (uM)
Sahu A et al J Immunol. 1996



Yes, there can be ‘a C5 convertase’ without C3b!

How does i1t work?



EFFECT OF C3 BLOCKAGE DURING STRONG AP/ CP ACTIVATION

110 -
< 90 + t
@ 70 -
/)]
> 50
o
£ 30 -
2 10 -
X
-10 —r
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Mannes M et al. Blood. 2021



C3/C4 SURFACE DEPOSITION AFTER AP/CP ACTIVATION WITH C3 INHIBITORS

AP CP
Cpgo
80 % NHS
80 % NHS + anti-Forssman|

+ C5 double inhibition

C3/C4 surface opsonization after alternative pathway activation

2-104 2 500 -
1.5-10¢ ,7 400 4
L 4.4n2 P 300 A
= 110 ’ 200 -
5-10° ’ 100 -
(W = s e < ___. 0
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0 e L — — — - 0
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AP: complete C3 inhibition
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CP: residual C3 deposition
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% ..,."i
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Mannes M et al. Blood. 2021



C4b BINDS C5 IN A SIMILAR MANNER TO C3b

SPR experiment with chip immobilised C3b or C4b:

C5 binding to C3b

e 430 “ .
T 350 £ 400 1K, (estimate): 2.54 pM
; 250 ; 300 (£ 0.32 pM)
C3b S 150 € 200
g 50 % 100
= -50 4 ' v . - . = 0 F—rrrTTE——rr,
SAP chip 0 50 100 150 200 250 0.01 0.1 1 10
time [s] C5 concentration [pM]
C5 binding to Cdb
a 2 1000
E E K; (estimate): 1.17 uM
0 ]
co (GAGISS a ;o
® ®
SAPChip (071)) e —————
=50 50 150 250 0.01 0.1 1 10
time [s] C5 concentration [pM]

Mannes M et al. Blood. 2021



COMPLEMENT CASCADE UNDER C3 INHIBITION (2)

* Classical & Lectin Pathway

Specific recognition Activated enzyme
of PAMPs & DAMPs complex

C4/
C4b2a %
CP/LP C3 convertase \\‘

Terminal pathway " h
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@ cs5o Primed C5

C6

c7

Cs8 C5 priming /

C9 /
C5 /

/
/
Q- =

(+C4b) <«
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Densely deposited

Under C3 inhibition

(or absence of C3) & strong
CP/LP activation:

C3 bypass activation of C5

Mannes M et al. Blood. 2021



C3 BYPASS IN PRECLINICAL MODELS - ‘HISTORIC REPORTS’



C3 BYPASS IN PRECLINICAL MODELS - ‘HISTORIC REPORTS’

Detection of C5 activation products in C3 knockout or C3-depleted animals:
(often attributed to extrinsic pathway activation)

Huber-Lang M, Sarma JV, Zetoune FS, et al.
Generation of C5a in the absence of C3: a new complement activation pathway.
Nat. Med. 2006;12(6):682—687.

Ramos TN, Darley MM, Weckbach S, et al.

The C5 convertase is not required for activation of the terminal complement pathway in murine
experimental cerebral malaria.

J. Biol. Chem. 2012;287(29):24734—-24738.

Auger JL, Haasken S, Binstadt BA.

Autoantibody-mediated arthritis in the absence of C3 and activating Fcy receptors: C5 is activated by
the coagulation cascade.

Arthritis Res. Ther. 2012;14(6):R269.



CLINICAL MEANING OF C3 BYPASS: EXAMPLE AMY-101 IN SEVERE COVID-19



CLINICAL MEANING OF C3 BYPASS: EXAMPLE AMY-101 IN SEVERE COVID-19

Skendros P et al. Sci Adv. 2022

SCIENCE ADVANCES | RESEARCH ARTICLE

CORONAVIRUS

Complement C3 inhibition in severe COVID-19 using
compstatin AMY-101

Panagiotis Skendros', Georgios Germanidis?, Dimitrios C. Mastellos>, Christina Antoniadou’,
Efstratios Gavriilidis', Georgios Kalopitas?, Anna Samakidou®, Angelos Liontos>,

Akrivi Chrysanthopoulou’, Maria Ntinopoulou', Dionysios Kogias', loanna KaranikaZ, Andreas Smytlis’,
Dainora Cepaityte?, lliana Fotiadou’, Nikoleta Zioga', loannis Mitroulis’, Nikolaos K. Gatselis®,
Charalampos Papagoras', Simeon Metallidis?, Haralampos Milionis*>, George N. Dalekos®,

Loek Willems®, Barbro Persson’, Vivek Anand Manivel’, Bo Nilsson’, E. Sander Connolly®,
Simona lacobelli®, Vasileios Papadopoulos’, Rodrigo T. Calado'®, Markus Huber-Lang"’,
Antonio M. Risitano'2, Despina Yancopoulou'3, Konstantinos Ritis', John D. Lambris'**

Complement C3 activation contributes to COVID-19 pathology, and C3 targeting has emerged as a promising
therapeutic strategy. We provide interim data from ITHACA, the first randomized trial evaluating a C3 inhibitor,
AMY-101, in severe COVID-19 (PaO2/FiO2 < 300 mmHg). Patients received AMY-101 (n=16) or placebo (n=15) in
addition to standard of care. AMY-101 was safe and well tolerated. Compared to placebo (8 of 15, 53.3%), a higher,
albeit nonsignificant, proportion of AMY-101-treated patients (13 of 16, 81.3%) were free of supplemental oxygen
at day 14. Three nonresponders and two placebo-treated patients succumbed to disease-related complications.
AMY-101 significantly reduced CRP and ferritin and restrained thrombin and NET generation. Complete and sus-
tained C3 inhibition was observed in all responders. Residual C3 activity in the three nonresponders suggested
the presence of a convertase-independent C3 activation pathway overriding the drug’s inhibitory activity. These
findings support the design of larger trials exploring the potential of C3-based inhibition in COVID-19 or other
complement-mediated diseases.



CLINICAL MEANING OF C3 BYPASS: EXAMPLE AMY-101 IN SEVERE COVID-19
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CONCLUSIONS: C3 BYPASS ACTIVATION OF C5

* ‘historic’ preclinical models in C3-deficient animals reported
data that are consistent with a C3 bypass activation of C5

« first indications that such bypass may exist in the clinic



CONCLUSIONS: STOICHIOMETRIC C3 INHIBITORS

« complete inhibition of AP-mediated C5 activation

* insufficient inhibition of CP-mediated C5 activation

‘ potential implications for PD breakthrough events with
proximal complement inhibitors in the clinic



Complement cascade: historic milestones

e 1. 1. Januar 1882.

Sonntag

5

NITTMQ ATT T
DEUTSCHE

MEDICINISCHE WOCHENSCHRIFT.

Mit Beriicksichtigung der tffentlichen Gesundheitspflege und der Inferessen des &rztlichen Standes,

Achter Jahrgang.

Redacteur Dr. P. Birner.

Druck und Verlag von (. Reimer in Berlin

I. Aus der medicinischen Poliklinik zu Greifswald.

Paroxysmale Haemoglobinurie.
Von
Dr. P. Striibing, Assistenzarzt.

Wenn die Lehre von der periodischen resp. paroxysmalen Haemo-
globinurie in den letzten Jahren auch werthvolle Bereicherungen erfahren
hat, so sind doch unsere Kenntnisse von dem IKrankheitsbilde, nament-
lich was seine Genese anbetrifft, noch unvollkommen und lickenhalt.
Unklar sind uns die niheren Bedingungen, unter denen der einzelne
Anfall, der Paroxysmus der Krankheit, als Ausdruck pathologischer

strengungen und auf die vielfachen Durchnissungen bei erhitztem Korper,
denen er wihrend dieser Zeit ausgeselzt war. Nach seiner Enilassung
aus dem Dienste, im Sommer 1876, bhemerkte er, dass sein Urin zu-
weilen dunkelbraun, ja schwarz aussah. Diese Farbenverinderung zeigle
sich stets nur bei dem, am Morgen nach dem Aufstehen gelassenen
Urin und spitestens bis Mittag hatte derselbe wieder seine gewdhnliche
gelbe Farbe angenommen. Gleichzeitiz wurde, wie schon oben bemerkt,
die Gesichtsfarbe blass und nahm ein graugelbliches Colorit an,

Im Laufe der letzten Jahre hat G. an Korperkriften ausserordent-
lich verloren. Er klagt jetzt hauptsichlich tiber Mattigkeit, leichle Lr-
miidung nach korperlicher Anstrengung und fiiber Schmerzen in der
Milzgegend.

‘First’ description of PNH



Complement cascade: historic milestones

Fodor (1887): Die faehigkeit des Bluts bakterien zu vernichten. Deutsch. Med. Wschr. 13, 745

Nuttall (1888): Experimente uber die bacterienfeindlichen Einfluesse des thierischen Korpers. Z.
Hyg. Infectionskir. 4, 353.

Buchner (1889, 1891): Uber die nahere Natur der bakterientodtenden Substanz in Blutserum. Zbl. Bakt.
(Naturwiss.) 6, 561. >>> “heat labile substance in blood” Alexine

Hans Ernst August Buchner (1850 — 1902)
German bacteriologist (Munich)

https://en.wikipedia.org/wiki/Hans_Ernst_August_Buchner

—

Bordet (1895): Immune lysis by of two factors: a heatlabile lytic factor (similar to alexin) and a heat-

stable factor kills Vibrios; heat stable factor was termed sensitiser (antibody)

Bordet & Ehrlich Immune lysis of erythrocytes by of two factors; Ehrlich coined ‘Complement’
(1898/1899):

Bactericidal
activity in
serum

Lachmann P. Mol Immunol. 2006;43:496-508
Nesargikar PN, Spiller B, Chavez R. Eur J Microbiol Immunol (Bp). 2012;2:103-111



Complement cascade: historic milestones

HIGHLIGHTS
REVIEW
The complement model disease paroxysmal nocturnal
hemoglobinuria

Christoph Q. Schmidt!, Britta Hochsmann®3 and Hubert Schrezenmeier®3



Traditional mechanism:
Trimolecular C5 convertases

Novel mechanism:
Bimolecular C5 convertases
& C5 priming

In presence of C5 inhibitors:

Conformational activation —
C5

conf

In absence of functional C3
& with strong CP/LP
activation: C3 bypass

Mannes et al. Blood 2021
Schmidt & Smith. Immunol Rev 2023.

GRAPHICAL SUMMARY: UNEXPECTED RESULTS >>> NEW COMPLEMENT INSIGHTS

' C3bBb3b or

_ C4b2a3b
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THANK YOU FOR YOUR
ATTENTION

=+ Paroxysmal Nocturnal Hemoglobinuria: Firenze, 3-4 ottobre 2024

Grand Hotel Baglioni

at theerossroads of somatic mutations, clonal expansion and immunity



COMPLEMENT CASCADE UNDER C3 INHIBITION (2)

* Classical & Lectin Pathway

Specific recognition Activated enzyme
of PAMPs & DAMPs complex

C4/
C4b2a %
CP/LP C3 convertase \\‘

Terminal pathway " h
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@ cs5o Primed C5

C6
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Cs8 C5 priming |

C9 /
C5 /

/
/
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Under C3 inhibition

(or absence of C3) & strong
CP/LP activation:

C3 bypass activation of C5

Mannes M et al. Blood. 2021
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