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“Gain of function” == Neonatal hepatitis or cirrhosis

“Loss of function™ s Emphysema
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Strnad, NEJM 2020
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Chromosome 14

SERPINA1 gene '
v v

° Génétique : bon b Ible

ey 5
« SERPINA1L => AAT ‘qx Nl H
* Allele sauvage = PiM (_Hepatocytes Sillle Zalll

TI'|!IIH.II|.‘1IUII promaoters

* Principale mutation => PiZ
* homozygote : génotype/phénotype PiZZ => synthése de Z-AAT

« Autres mutations: S, My, NUIl... > 100 variants
» +/- pathologique (déficient, précipitant, dysfonctionnel...)
* Phénotypes intermédiaires

Stoller et al. Lancet. 2005
Renoux et al. Orphanet J Rare Dis. 2018
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« Atteinte pulmonaire :
« Asymptomatique => emphyseéme pulmonaire
 Traitement : supplémentation alAT

* Atteinte hépatique :
« Asymptomatique => cirrhose (3-20%)
* Traitement :
* Préventif : alcool, obésité, vaccination VHB, VHA

« Complications : HTP, cholestase +00ms

» +/- acide ursodésoxycholique

» Transplantation hépatique 7o
E — Childran
% Aduts
E p=0.11

Fim
Strnad, NEJM 2020 = L L !

Time post LT (years)

Guillaud, Dig Liv Dis 2020 .
e
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Strudture Mauvais repliement
native

Polymere

Intermédiaire

. N\ A
Mutation SERPINA1
(Glu342Lys) => Allele Z

L sécrétion

Protéasome

Stress protéique =

« gain de toxicité hépatique » Strnad, NEJM 2020

Remih, Curr Op Pharmacol 2021
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Shrudture Mauvais repliement
native

Polymere

Intermédiaire

Mutation SERPINA1
(Glu342Lys) => Allele Z

L sécrétion

Protéasome

Thérapie génique

Stress protéique =
« gain de toxicité hépatique »
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@ene therapy strategies)
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Gene repair Gene supplementation Gene silencing
[ BERRRARRRRRRRRERRERRER)
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R Defective/absent 4 Absent protein / Mutated protein
P i L

\ \ Imm\h"ﬁﬁﬁm
P

Functional protein Functional protein Absent protein

P

Maestro, JHEP Rep, 2021
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(Gene therapy strategies)

...‘

Gene silencing

Maestro, JHEP Rep, 2021
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=> Inhiber le fonctionnement d’'un géne muté ou inactiver son produit protéique

Cytosol

*TIIIIIIIIIT,

siRNA
- mRNA silencing
through RISC

TTIT ol

ASO
- mRNA degradation
through RNase H

ON y —

mRNA

LU
Antagomir or miR mimic
-> translational inhibition

or upregulation

Nucleus

Alkhouri, Exp Op Investig Drugs, 2021
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ARO-AAT
A -« Saline Control B p <0.0001
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;31’522&364;’55057 Baseline Saline ARO-AAT RNAi-Control
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Relative Z-AAT monomer in liver

Wooddell et al. JCI. 2020
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ARO-AAT reduces serum and intra-hepatic Z-AAT protein in PiZZ alpha-1 antitrypsin deficient
patients with liver disease leading to improvements in clinically relevant liver biomarkers

Serum Z-AAT Reduction Total Liver Z-AAT ALT
i - 450-001 1404 WEassine 150+ MW Bassline
-= 450-003 oy O'Week 24 O'Week 24
204 a- 450-004 g 1254
- 450-005 £ 1004
40 I 1004
§ g = .
g o 2 a0l = 75
% 8- F34% S0 [ -EEA
= — E '2'3-] TR.E% I?zzﬁ H 257 H
100 T T T T T T u] . EL i
o 4 ] 12 % 20 450-001 450-004  450-005 450-001 450-003
& lln Wesk &
Liver Bxstography Pulmonary Function Overtime (FEV1pp)
259 pBaseline
Owesk 24 Subject Baseline Whkd Wkie Whk24
20
o ] 450-001 56.0 51.0 55.0 52.0
m
- o 450-003 Br.0 83.0 84.0 78.0
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Strnad et al. Poster AASLD 2020
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A HepG2 cells B PiZ transgenic primary hepatocytes
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Characterization of an ASO that effectively reduces AAT levels in cells.

Guo et al. JCI, 2014
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A Human AAT reduction C
'g 140%6 + = Liver mMRNA m Plasma AAT
 —4
(,8, Soluble AAT [ , - - g
&: GAPDH [e= s e : . — -
2 Insoluble AAT |
§ GAPDH

B
PAS-D
Baselme (6-wk age) BS (14-wk age) AAT-ASO (14-wk age) : Ctrl ASO (14-wk age)
D Liver soluble AAT protein E Liver insoluble AAT protein
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150 150
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0 = 0 s
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Soluble and aggregated AAT protein levels were reduced in PiZ mouse livers after AAT-ASO treatment.
Guo et al. JCI, 2014
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Oligonucleotides antisens (ASO

Liver hAAT mRNA levels Plasma hAAT levels
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0%

hodad BT h e - prorl

Relative to PBS control p

Relative to predose

PBS AAT-ASO control ASO BL Wk 3 Wk 4 Wk S Wk 6 Wk 7 Wk s
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AAT-ASO treatment prevented Z protein aggregate formation and liver injury in young PiZ mice Guo et al. JCI, 2014




—  FILIERE DE SANTE MALADIES RARES.

Z

FILFOIE

Oligonucléotides antisens (ASO)

DU FOIE DE L'’ADULTE ET DE L'ENFANT

>

cyno AAT mRNA % control
2

Cynomolgus primary hepatocytes
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Robust AAT reduction in cynomolgus hepatocytes and in vivo after AAT-ASO treatment

Guo et al. JCI, 2014
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Effects of AAT-ASO knockdown in smoke-induced COPD model.

Stearns, PlosOne, 2021
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e
Gene repair
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Functional protein

Maestro, JHEP Rep, 2021
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 CRISPR = Clustered Regularly Interspaced Short Palindromic
Repeats

» « Ciseau moléculaire »
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Cas9 enzyme

PI*MM SERPINA1

5'
Genomic DNA g

IR

5' Genomic DNA from

from a PI*ZZ a PI*ZZ individual
individual = ik with insertion of
/' .% PAM sequence\ PI*"MM SERPINA1

PI*ZZ SERPINA1  PAM sequence PI*MM SERPINA1 PAM sequence

T TITTTTTTTTTTTTIT
¥

¥

Q PI*MM AAT

Rahagi, Ther Adv Chro Dis, 2021

‘ PI*ZZ AAT
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Shen, Hum Gen Ther, 2018
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« Thérapie genique = axe prometteur du ttt du DAAT

* Interférence ARN = blocage de la synthese de Z-AAT
* SIRNA et ASO
« Réduction de Z-AAT circulante et dans le foie
« Amélioration du BH, diminution de la fibrose
» Risque d’aggravation de I'atteinte pulmonaire ?

* CRISPR/Cas9 = « réparation de 'ADN »
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 Essais therapeutiques a venir / en cours

« |dentifier les patients a risque d’atteinte sévere
« |dentification de polymorphismes génétiques
» Registre EASL/ERN

» Cohorte francaise (DEFI-ALPHA 2 ?)
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Merci de votre attention

mathias.ruiz@chu-lyon.fr
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