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Thérapie génique



Addition de gènes

ÅHGB 205

Å3 patients drépanocytaires à Necker
ÅPremier succès publié en 2017

Ribeil et al, NEJM 2017

Megan D. Hoban et al. Blood 2016;127:839-848



HGB 205 (suivi à long terme)

Magrin et al, Nature Medicine 2022



Protocole clinique HGB 205

Julie Kanter et al, American 

journal of haematol. 2023



Protocole clinique HGB 206

ÅGroup C 

Ån=35

ÅMédiane Hb 8,5 Ÿ

11g/dl

ÅHbAT87Q >40% hb

ÅRépartition hb T87Q 

= 85±8% RBC

ÅPas de recurrence de 

VOE sévère (n=25)

ÅPhase 3 HGB 210 : US

Julie Kanter et al, NEJM. 2021



Nette amélioration des paramètres dôh®molyseavec
normalisation de la biliribine libre mais réticulocytes
toujours >120G/L et LDH subnormale ou légèrement
élevée.

Protocole clinique HGB 206



Drepaglobe essai français 
2018

ÅVecteur qui produit Hb thérapeutique‍AS3

Å3 mutations (G16D, E22A, T87Q) par rapport à la Béta globineŸ effet anti-falciformation

ÅA22 et Q87 altèrent respectivement les contacts axiaux et latéraux nécessaires à la formation des
polymères HbS. D16 augmente l'affinité pour les chaînes alpha, conférant ainsi à la ɓAS3 un avantage
compétitif pour l'incorporation dans les tétramères d'Hb.

Ån=4 patients traités

Å2 patients ayant VCN <2 avec HbS entre 20-30% permettant lôarr°tdes programmes dô®changes
transfusionnels mais reprise de lôHUpour patient à 20% hbT. Persistance de lôan®miehémolytique
chronique mais gain de >2g/dl dôh®moglobinetotale pour les 2.

ÅPuis 2 échecs consécutifs de la prise de greffe

ÅArrêt des inclusions



Post-Transcriptional Genetic
Silencing of BCL11A to Treat

Sickle Cell Disease

ÅLentivirus

ÅEfficacité intermédiaire

ÅReactivation of HbF production via
a short hairpin RNA (shRNA)
targeting BCL11A mRNA
embedded in a microRNA (shmiR)

Esrick et al, NEJM 2021



Dimitrievieska et 
al, Blood reviews 

2024



Edition de gènes : HbF Induction

ÅGene expression modification to increase foetal haemoglobin
production: a phase 1-2 trial using CrispR-Cas 9 technology
(CTX001)

Frangoul et al, NEJM 2020







Induction HbF

ÅAllelic correction rate >80%

ÅEHA June 2021
Ån=15 TDT including 6 ɓ0/ɓ0 or

severe genotypes all independent of
transfusion after infusion

Ån=7 SCD: no recurrence of CVO 7
patients with follow-up >1 year:
durable response Target 90 patients
(45 TDT, 45 SCD)

Frangoul et al, NEJM 2020





EHA 2024, Abstract S273 Exagamglogene Autotemcel For Severe Sickle Cell Disease/
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Etude RUBY  CRISPR/Cas12a

ÅEdition CD34+ au niveau de la boîte CCAAT distale (-118 à -113) des régions promotrices du 
gène de la ɾ-globine (HBG1/2) à l'aide d'une nucléase d'édition de gènes hautement 
spécifique et efficace, AsCas12a. 

ÅCes modifications imitent les variantes naturelles de la persistance héréditaire de l'HbFdans 
les promoteurs HBG1/2 et réactivent l'expression de la ɾ-globine, ce qui entraîne une 
ÐÒÏÄÕÃÔÉÏÎ ÓÏÕÔÅÎÕÅ ÅÔ ÃÌÉÎÉÑÕÅÍÅÎÔ ÓÉÇÎÉÆÉÃÁÔÉÖÅ ÄȭHbF(>80% in vitro).

ÅA Phase I/II, multicenter, open-label, single-arm study, evaluatesthe safety, tolerability , and 
efficacyof EDIT-301 in subjectswith severeSCD. SevereSCD definedÁÓ Іς severevaso-
occlusive events(VOEs) per year in the 2-year period prior to informed consent



RUBY study
CRISPR/Cas12a

ÅFour subjectshavereceivedEDIT-301 treatment. Onecycleof apheresissufficient for
all patients

ÅHbFlevels>35%, no reported VOEs.

ÅHb increasedby ÇȾdLױ4.5 from baseline(BL) to ÇȾdLױ16.4 at 6 months (Subject1) and
increased by ÇȾdLױ3.6 from BL to ÇȾdLױ12.1 at 3 months post-EDIT-301 infusion
(Subject2). Percentageof F-cellswas 96.5% at 6 months (Subject1).

R Hanna et al, abstract EHA 2024

https://pubmed.ncbi.nlm.nih.gov/?term=%22Hanna%20R%22%5bAuthor%5d


ASH 2024 
Reni-Cel, an 
Investigational AsCas12a 
Gene-Edited Cell 
Medicine, Led to 
Sustained Hemoglobin 
Normalization and 
Increased Fetal 
Hemoglobin in Patients 
with Severe Sickle Cell 
Disease Treated in the 
RUBY Trial

Å October 29, 2024, n=28 , median of 9.5 months post - reni - cel 
infusion, with 11 patients having >1 year follow - up. 

Å Since reni - cel treatment, 27 of the 28 patients were free of 
vaso - occlusive events (VOEs). 

Å M ean total hemoglobin increasing from 9.8 g/dL at baseline to 
13.8 g/dL at Month 6 (n=18). , fgvcn"jgoqinqdkp"*JdH+"Ł62'"ykvj"c"
mean HbF percentage of 48.1% (n=18).

Å The mean percentage of F - cells increased early and was 
sustained at >90% from month 4 through last follow - up (n=20). 

Å Markers of hemolysis, including absolute reticulocyte count, 
indirect bilirubin, lactate dehydrogenase, and haptoglobin, 
improved or normalized by Month 6 and were generally 
maintained or improved as of last follow - up.

Å Sustained clinically meaningful improvements were observed in 
pain, physical, and social patient - reported outcome domains 
following treatment with reni - cel .

Å M edian time to neutrophil engraftment of 23 days and median 
time to platelet engraftment of 25 days, which is important for 
limiting infection and bleeding risk. Two serious adverse events 
(SAEs) assessed by the investigators as possibly related to reni -
cel treatment have been reported in the RUBY trial.



BEACON (ASH 2024)
Phase 1/2 Study
Evaluating the Safety
and Efficacy of a 
Single Dose of 
Autologous CD34+ 
Base Edited
Hematopoietic Stem 
Cells (BEAM-101) in 
Patients with Sickle
Cell Disease with
Severe Vaso-
Occlusive Crises

ÅEdition de base ex-vivo : substitution de 
A vers G dans le promoteur du gène 
HBG1/2 qui code pour la gamma 
globine.

ÅModification du site de fixation du 
r®presseur de la synth¯se dôHbF 
BCL11A permettant une réactivation de 
la production de celle-ci.

ÅExcellents r®sultats en terme dôHbF 
produite au-del¨ de 60% dôh®moglobine 
chez quatre patients ayant un recul 
suffisant (six patients traités dont un 
patient décédé EI Busulfan) 



HGB_206

Lovocel

Drepaglobe

ɓAS3
BCH-BB694

CTX-001

Exacel

RUBY

Renicel

BEACON

BEAM-101

Nb de patients 35 4 
6 (dt un 

7ans)
46 28 6

Nb de cycle 

mobilisation
2 (1-4) 1 1 2 (1-6) 1?

1 (n=3), 2 

(n=3)

Nb dô®chec 

prod
0 0 0 8 ? 0 0

Durée aplasie 

PNN/Pl
20 J / 36 J 25 J/ 34J 22 J / 33 J 27 J /34,5 J 23 J / 25 J 17J / 20 J

VOE
0 sévère / 

2
4 2 3/36 (9) 1 NA

HbT/F

Hb totale

Hb T87Q 

>40%

13,4g/dl

Hb AS3 

20-30%

11g/dl

Hb F 20-41%

9.3-11.4g/dl

HbF 44%

13,2g/dl

HbF 48,1%

13,8g/dl

HbF >60% 

11 à 18,2G/dl

Hémolyse Oui Oui Oui Oui Oui Oui

Médiane suivi > 4ans > 3ans 6-24 mois > 2ans 9,5 mois 3 mois

EI grave

2 

leucémies 

dans bras 

A

2 rejets
1 patient tjs

transfusé

Un décès 

(COVID pdt 

aplasie)

Un décès 

(Bu? M4)



Harmonisation des définitions



Prime editing approaches to ɓ-hemoglobinopathies

Gene correction

Precise correction of the SCD 

mutation

Prime editing 

all base conversions

reverse

transcriptase

pegRNA

nCas9

Anzalone, Nature, 2019

Li , Blood, 2023

Everette, Nature Biom Eng, 2023

Slides by A Miccio



Prime editing: correction of the SCD mutation

ABE mRNA

Synthetic 

gRNA

Human SCD HSPCs

RP-HPLC (globins) 

Everette, Nature Biom Eng, 2023

Genome editing efficiency

Sickling assay

Slides by A Miccio


