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Von Willebrand Factor (VWF)
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Leebeek et al, NEJM, 2016



Von Willebrand Disease (VWD): a congenital bleeding disorder
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Coagulation factor VIlI Von Willebrand factor
Men (mostly) Men and women
1 male birth / 5000 From 0.1 to 1% of the population

7000-8000 symptomatic patients in France

6000 patients in France mostly with a partial quantitative deficiency

2500 patients with a severe form in France 50 to 100 patients with a severe form in France
Bleeding in muscles and in the joints leading to Mucocutaneous bleedings: Gl tract, nose,
severe joint damage and arthropathy mouth, gynecological

Numerous treatments available. Constant

: . Treatments unchanged for the past 30 years
innovation



VWD and quality of life
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Recurrent theme in Quality of Life-studies:
- Severe/moderate VWD patients have clinically and statistically significant reductions in nearly all
health related-Qol domains, both for the physical and mental aspects

In particular, women express considerable morbidity in emotion and pain

Recent study on depression and anxiety (US study)
Rate of depression was found to be 64% in VWD patients!

— Need to develop new treatments also for moderate VWD

Idea: To develop a simple and easily administrable treatment aiming to
increase half-life of endogenous VWF in order to:

- increase its plasma concentration

- decrease bleeding symptoms Barr et al, Am ) Hematol, 2003

De Wee et al., ] Thromb Haemost, 2010
Xu et al., Haemophilia, 2017
Roberts et al., Haemophilia, 2022




Albumin and FcRn
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Major Types:

Albumin (60%)

Major component of osmotic pressure of plasma

M Globulins (35%)

Antibodies (immunoglobulin) and transport proteins

M Fibrinogens (4%)

Functions in blood clotting

I Other (<1%)

Various roles (a-1-antitrypsin, coagulation factors, etc.)

Half-life : 21 days!




Albumin and FcRn
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Blood (physiological pH)
Major Types:

Albumin ' FcRn
Albumin (60%) F

Albumin dissociates
at physiological pH

Major component of osmotic pressure of plasma

I Globulins (35%)

Antibodies (immunoglobulin) and transport proteins ' ’ 7

Endocytic
M Fibrinogens (4%) vesicle

Functions in blood clotting /o ‘

M Other (<1%)

Various roles (a-1-antitrypsin, coagulation factors, etc.)

Sorting of

FcRn-albumin &
EcRn binds albumi complexes
cRn binds albumin ‘ﬂl
in acidified ’ _”

endosomes .
Recycling
endosome

i Acidified
endosome

Half-life : 21 days!




Albumin and FcRn
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Blood (physiological pH)
Major Types: '
Albumin FcRn
| Albumin (60%) w Ve } Albumin dissociates
Major component of osmotic pressure of plasma F at physiological pH

M Globulins (35%) ‘\

Antibodies (immunoglobulin) and transport proteins ' . ’

Endocytic

M Fibrinogens (4%) vesicle

Functions in blood clotting ’ Q

M Other (<1%)

Various roles (a-1-antitrypsin, coagulation factors, etc.)

Sorting of
FcRn-albumin

|
FcRn binds albumin complexes

in acidified , o
endosomes 5
Recycling

endosome

v Acidified
endosome

Half-life : 21 days!

Aim: develop a molecule that creates a bridge between VWF and albumin




Generation of KB-V13A12
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Classical IgG Camelid heavy chain
antibody antibody



Generation of KB-V13A12
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Generation of KB-V13A12

Classical IgG Camelid heavy chain
antibody antibody
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Generation of KB-V13A12
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Classical IgG Camelid heavy chain
antibody antibody
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Generation of KB-V13A12
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Characterization of KB-V13A12 in vitro

CONCI_R‘ES FRANCAIS
d’HEMOSTASE
SAINT-MAO pscnee

AAA(GGGS)4

c-myc

AlphaFold

VWF
(0—3 pg/ml)
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nanobody (100 nM)
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Characterization of KB-V13A12 in vitro
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AAA(GGGS)4

-~ KB-V13A12/pH 7,40

AlphaFold ’/ Anti-VWF antibOdY'HRp —- KB-V13A12/pH 5,60

3 —
' 3x 20min at 37°C
Phosphate-citrate buffer

pH 7,40 or 5,60

VWF
(0-3 pg/ml

OD 450 nm
T

Anti-VWE-OptiAlb12
nanobody (100 nM) 1-

Serum
albumin

N 0

0.001 0.01 01 1 10

VWEF (pg/ml)

- KB-V13A12 binds albumin and VWF simultaneously
- The [albumin]-[KB-V13A12]-[VWF] complex is stable at lysosomal pH




Effect of KB-V13A12 in vivo
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KB-V13A12 Mouse model
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KB-V13A12

5mg/kg -
s.C. injection
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Effect of KB-V13A12 in vivo

Modulation of VWEF levels
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Mouse model

DO D+1 D+3 D+7
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One-way ANOVA

A single subcutaneous injection of KB-V13A12 elevates VWF levels for up to 10 days
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Effect of KB-V13A12 in vivo

Modulation of VWEF levels

kkkk kkkk K*kkk

Mouse model

Time (days)

A single subcutaneous injection of KB-V13A12 elevates VWF levels for up to 10 days
The rise in VWF level is accompanied by a rise in FVIII levels

expressing 10% hVWEF: 5 -+ KB-V13A12
Type 1 VWD = Ctl
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Functional effect of KB-V13A12 in vivo
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Tail clip bleeding model

(3 mm) > A dorsal vein

WT mice or mouse 7
model expressing 10% 0,—-\ / i
4 O

hVWE: Type 1 VWD

Q lateral vein
Q ventral artery
anesthesia \ euthanasia

I I
30 min of bleeding under
ketamine/xylazine
anesthesia
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Functional effect of KB-V13A12 in vivo

Effect on bleeding

WT mice or mouse
model expressing 10%
hVWE: Type 1 VWD

0.0251
Tail clip bleeding model — 450- ]
(3 mm) > dorsal vein 5 E O
&, 5 . @
O o
) O)-e o = | =
Q k& lateral vein = 5 150 ° h
== ~ °
Q ventral artery (O EPREPRY mﬂﬁﬂ
| | One-way ANOVA
© A
anesthesia \ euthanasia \‘\\‘\\G’K\‘Q\\ \NO,\‘!QG

I I
30 min of bleeding under
10 min ketamine/xylazine
anesthesia

- VWD type 1 mice lose more blood compared to wild-type mice




NEY Functional effect of KB-V13A12 in vivo
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KB-V13A12 (5 mg/kg)
s.c. injection 0.7113
3 days before procedure 0.0051
Tail clip bleeding model — 450 !
WT mice or mouse AN (3 mm) 7 dorsalvein 8 o g0 -
model expressing 10% .‘ S g
hVWF: Type 1 VWD () \a®a @S 1501 5 o
Q \. @ lateral vein 3 : C())
Q ventral artery O-eeeeeees mﬂﬁuoqm
el' ,\I ,\I One-way ANOVA
anesthesia \ euthanasia '\\G’K\‘Q ,\‘!Qe J\‘KQG AL
' ' WO o e
30 min of bleeding under \(\g'\‘
10 min ketamine/xylazine X
anesthesia

- VWD type 1 mice lose more blood compared to wild-type mice
- KB-V13A12 restores functional hemostasis in VWD type 1 mice
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