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Oral Factor Villa mimetic project
Inno8

The project aspiration is to develop
an orally administrated next-generation Factor VII|
mimetic drug for convenient prophylactic treatment of
Haemophilia A



Coagulation Cascade and Hemophilia

Approx. 1:5,000 male births (X-linked)

Initiation phase Types

Cell-based triggering in sub-endothelia e Haemophilia A: lack FVIII activity
extrinsic pathwa ofe
Fluid-based triggering ‘ { P L Hemophllla e Haemophilia B: lack FIX activity

(intrinsic pathway) e Other (FXI, FXIII, FVIL..)
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e Severe (less than 1% activity)
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Propagation phase

ATIII

Current treatments
e Plasma-derived factor products
e Recombinant factor products
e Bispecific antibody - Emicizumab

Typical joint bleeding in hemophilia patient

PAR-1/4

Resting platelet Activated platelet

Thrombin burst

Fibrin clot
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Cell-based coagulation model developed by Prof. Ulla Hedner and colleagues,
He S, Blombdck M, Jacobsson-Ekman G, Hedner U. (2003)J Thromb Haemost. 6:1215-9.







Camelid antibodies

Conventional IgG

= Camelids generate 3 types of antibodies

= Conventional IgG1

= Long hinge camel IgG2

= Short hinge camel 1gG3 Long hinge heavy chain
camel IgG

The V,H format

= V,H: variable heavy domain of Heavy Chain antibody

= V,H is small format (12-14 kDa) and can be expressed as a single domain Short hinge heavy chain \
with retained antigen binding camel IgG

= Sequence similarity to human IgG is high

IgG3

< Moz

% V,H drug format
4

Muyldermans S. (2013) Nanobodies: natural single-domain antibodies. Annu Rev Biochem. 82: 775-97.
Hamers-Casterman C, Atarhouch T, Muyldermans S, Robinson G, Hamers C, Songa EB, Bendahman N, Hamers R. (1993) Naturally occurring
antibodies devoid of light chains. Nature. 363: 446



Conc (nM)

V,H as oral drug format

PK steady-state modeling

Protracted bi-VyH: Dosage: 10 mg/day @ Mw: 29 kDa @ 75 kg patient @ T¥2: 14 days
Modelled %F = 1, 2 and 3 %

Modelled T2 = 7, 14 and 21 days
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Basic principle for oral drug format
DOSAGE x POTENCY x HALF-LIFE x BIOAVAILABILITY
gives clinically relevant C

PK steady-state modeling

Protracted bi-VyH: Dosage: 10 mg/day @ Mw: 29 kDa @ 75 kg patient @ %F: 2%
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Inno8 | Screening for lead based on library from Ablynx

Llama & alphaca immunizations Initial screenin,
Library established in phage display Front-runner pairs

Front-runner pair selections Boosting TGT peak activity
Anti-FX/-FIX CDR mutagenesis

Front-runner 1

Anti-FX Anti-FIX Anti-FX Anti-ALB
V,H V,H V,H V,H
110x % B
% k)
49802 506G02 ALB23002
Anti-FIX
V,H Front-runner 2
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Front-runner 3

) Anti-FX Anti-ALB Anti-FIX
Anti-ALB
V,H V,H V,H
V,H H 5 H P H
ALB23002 503A06 ALB23002 10G06

Optimization campaigns
Iterative cycles

Front-runner selection
Format reconfiguration for oral drug candidate

Fatty acid protractor moiet
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Inno8 | Boosting FVIlla-mimetic activity via machine learning

anti-FX (702c012)

anti-FIXa (10e01)

sequence encoding
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Inno8 | A very potent Factor Vllla-mimetic molecule

Thrombin generation in vitro assay testing of Inno8
Tested with coagulation triggers tissue factor (TF) and factor Xla (FXla)
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— Inno8 10 nM — |nno8 3 nM — HA control —— |nno8 -« Emicizumab SIA Normal level

— Emicizumab SIA 300 nM --- HA + 100 [U/dL FVIII

The effect of FVIlla mimetics on in vitro thrombin generation

® Inno8 shows similar in vitro effect as Emicizumab SIA at ~90-folds lower molar concentrations. does not necessarily translate directly to clinical efficacy,

SIA = Sequence identical analogue, SD = standard deviation



Inno8 | Screening for fatty acid conjugation site

NB bi-V,H model sequence, not Inno8
ViHantiex ’ CDRs: A...A
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Relative activity (-)

Inno8 | Screening for fatty acid conjugation site

Mw: 30912 Da,
bi-V,H w/Cys

Conjugation

TCEP
reducing agent
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Cys

1 C18 fatty diacid Br-derivative
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AMw: -119 Da,
de-blocked Cys

47458.72

61584 62

1.2

0.8

31600.52

AMw: +816 Da,
fatty acid conjugate

CDR2 VHHanti-FX
Y J
b ,l) ~CDR3

Y {

W FX activation peptide
(Aa35-38)

® Bi-V,H screening for fatty acid conjugation
sites identified expressable variants and
conjugatable surface exposed sites.

® Penalty on activity of most fatty acid
conjugation sites on anti-FX V;H, while several
allowable conjugation sites identified on anti-
FIX VH.

® C-term extension of anti-FIX V,H part chosen

FSUSUUNS PR 05 as fatty acid conjugation site for Inno8.
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Inno8 | Fatty acid bi-VH conjugates screening in vivo

attachment site,

C-te
Anti-FX Anti-FIX
VH VH

rm extension

Protractor/variant ID
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Screen in /\/Y
rat = W\/\/\/\/\/\/\)L
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Fatty diacid conjugates of bi-VHs identified as protractors that provide orders-of-magnitude enhanced half-

(x2 C16 diacid) 9504 ([

(C18 diacid) 8543 |

(no protractor) 5362
(C18 diacid) 8506

(no protractor) 0895
(Tetrazole diacid) 8503
(C20 diacid) 8502

(C18 diacid) 8498

(C12 diacid) 8499

(no protractor) 7214

life compared to non-protracted bi-V,H.

Plasma half-life

2 3 4 5 6
MRT-HL (days)

Double C16 fatty diacid chosen as protractor for Inno8 based on in vivo screenings.

cmpd plasma conc (pM)

cmpd plasma conc (pM)

Example screening fatty diacid VyH conjugates in IV rat
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Inno8 | Screened variants in numbers
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Inno8 | API tablets with absorption enhancer SNAC and NAM

SNAC Sodium N-[8-(2-hydroxybenzoyl)amino]caprylate
OH
0

H
N \/\/\/\)’I\
O~ Na*

®  SNAC: Small fatty acid derivative APl absorption enhancer

O

®  Absorption takes place in the stomach in a local buffered environment
" The effect is time-dependent and occurs primarily via transcellular route
®  SNAC have been used for development of oral GLP-1 (peptide) drug

NAM niacinamide
O
78\
= /V,aé

®  NAM: B3 vitamin precursor and used as formulation excipient
" NAM shows efficient solubilizing effects, especially for Inno8 and derived bi-V Hs

®  SNAC/NAM co-formulation show enhanced effect on oral uptake of Inno8 and derived bi-V,Hs

Stomach

(") SNAC/NAM

Gastric mucosa

@ Ari




compound conc (pM)
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Variant screening in vivo

Inno8 | Screening of pl variants for oral bioavailability

Screening of bi-VEH pl variants

oral gavage rat model

Example of oral gavage screening in rat

’ VHHanti-FX

1xNeu-to-Neg, 1xNeu-to-Pos
1xNeu-to-Neg, 1xNeu-to-Pos
3xNeu-to-Neg, 1xPos-to-Neu, 1xNeu-to-Pos
2xNeu-to-Neg, 1xPos-to-Neu, 1xNeu-to-Pos
3xNeu-to-Neg, 1xPos-to-Neu
2xNeu-to-Neg, 2xPos-to-Neu
3xNeu-to-Neg, 2xPos-to-Neu, 1xNeu-to-Pos
3xNeu-to-Neg, 2xPos-to-Neu, 1xNeu-to-Pos

3xNeu-to-Neg, 2xPos-to-Neu

’ VHHanti-FIX

none muts

none muts
2xNeu-to-Neg, 1xPos-to-Neu
TxNeu-to-Neg, 2xPos-to-Neu
2xNeu-to-Neg, 1xPos-to-Neu
1xNeu-to-Neg, 2xPos-to-Neu
2xNeu-to-Neg, 2xPos-to-Neu
2xNeu-to-Neg, 2xPos-to-Neu

2xNeu-to-Neg, 2xPos-to-Neu

pl theoretical, seq-based

8.36
8.36
6.57
6.56
6.42
6.42
6.09
6.09

5.82

(e

|
JVNS
|
INVN +

0.05

pl surface residues investigated for effect on oral uptake

—r
—=&—  8.36 pI 1xNeu-to-Neg, 1xNeu-to-Pos / none muts variant SNAC+NAM
——

6.42 pI 2xNeu-to-Neg, 2xPos-to-Neu / 1xNeu-to-Neg, 2xPos-to-Neu variant

8.36 pI 1xNeu-to-Neg, 1xNeu-to-Pos / none muts variant SNAC

600 800 1000 1200 1400
Time after dosage (min)

vHHanti-FX

surface charge

VHHanti-FIX

0.1 0.15
Oral bioavailability (%)

" Improved effect on oral uptake in oral rat
model by lowering pl and introducing
negative or neutralizing surface charges
of bi-VHs.

®  Selected mutations used in Inno8 to
lower pl from 8.3 to 5.2.



Inno8 | Oral uptake of Inno8 tablet in dog ﬁ
|

Tablet formulation testing in vivo
Trained beagle dogs for testing pharmacokinetics of Inno8 administered intravenously and orally in SNAC/NAM tablets

Single V. injection Multiple peroral tablet administrations
1000 10
) )
— ; —
| S 100 S
pais £ S
— ro—
08 10 08 0.1 Variation in AUC,,,
= = After 1t dose: 62.1 CV%
- 0.1 mg/kg (n = 2) - = study 1 After 5t" dose: 37.4 CV%
1< — 0.05 mg/kg (n =4) 0.01 — study?
| 1 | | | | | | 1 | 1 | | | | | | | | | | 1
™ © N & © O ™ O N & © O
A RN R GRSIRAGNAIN O R AV P P o PGV O
Pharmacokinetics Time (h) Time (h)

= Terminal half-life of Inno8 in beagle dog:
115 hrs based on I.V. administration.
= 5-days repeated dosage of Inno8 tablets in beagle dog:
Observed exposure concentrations between 1-5 nM w/reduced variability over dosage time.



Inno8 | Lead compound developed for oral treatment

De-risked potential immunogenicity sites

pl lowering muts . .
Linker C-term linker

\ CDR activity boosting muts
l disulfide l
g :

disulfide
N

\\ a ntI-FX (702€012) a nti—FIXa (10E01) GQACPC selected among >10,000 variants screened

RSN II

2 x C16 fatty diacid Cys-conjugation

Lead = Inno8

Engineered bi-V H fatty diacid conjugate JLN A Mo gm0
* Mw 29.5 kDa (from tri- to bi-V,H) 0 0

= pl 5.2, reduced from pl 8.3 Optimized for oral PK ) OWN .
* Protractor: 2 x C16 fatty diacid C-term Cys-conjugated \)J\N”VNWAO/\/O\/\NJK/ o O

Anti-FX domain (lineage, 702€012)

= Binds the Aa35-38 segment of the activation peptide in FX
= 6 activity boosting muts ViHantiex
= 2 hallmark/humanization muts

= 3 (+2) pl reducing muts

= 1 (+1) immunogenicity de-risking muts

Anti-FIXa domain (lineage, 10E01)
= Binds the protease domain of FIX(a)

FX activation
peptide

N Aa35-38
= 9 hallmark/humanization muts (Aa )

Crystal structures

= 3 plreducing muts

= (+1) immunogenicity de-risking mut orotease domain



Conclusion

Inno8 was developed from comprehensive engineering of V;Hs obtained from llama & alphaca

Extensive optimization campaigns lead to Inno8 demonstrating
= high potency in vitro
= |ong half-life in vivo using C16 fatty diacid protractor
= oral bioavailability in vivo using SNAC enhancer and NAM
=  de-risked immunogenicity profile in vitro

Thus, Inno8 may have the potential to be the first-in-class for oral treatment of Haemophilia A
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