
Haematopoietic Stem Cell Gene Therapy
…. moving toward standard of care ?

Hong Kong 2018
2nd International Summit on HUMAN GENOME EDITING

Adrian J Thrasher
UCL Great Ormond Street Institute of Child Health
London WC1N1EH



Disclosures….

Founder and consultant at Orchard Therapeutics. 
Consultant for Rocket Pharmaceuticals, Generation bio, and 4Bio 
Capital Partners



HSC

M
E

Primary immunodeficiency: a rare disease paradigm....

Newborn screening



1000

3000

5000

7000

T 
Ly

m
ph

oc
yt

es
/µ

l

months after gene therapy  

10 20 30 40 50 60 70 80

9000

SCID-X1 Gene Therapy (UK/France, 20 patients)

**
*

*

MoLV U5U5R
SD SA

RIL2RG MoLV

*



SCID-X1 gene therapy, (UK 10 patients, 10-17yr fu)…



ADA-SCID: disease pathophysiology…



Summary of ADA-Deficient SCID Patients 
Retroviral Vectors, Myelosupressive Conditioning

Center # Pts F/U (yrs)1 Off Enzyme Survival DFS2

Milan 18 0.8 – 11.5 15/18 100% 83.3%

London 8 0.5 – 7.5 4/8 100% 50%

CHLA-NHGRI
UCLA-NHGRI

6
10

3–7
0.2-4

3/6
9/10

100%
100%

50%
90%

TOTAL 42 0.2 – 11.5 31/42 100% 73.8%

1 As of January 2013
2DFS ≡ Alive without BMT or PEG-ADA re-start

Gaspar, Aiuti, Kohn, unpublished
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Enhancer-mediated insertional mutagenesis...





Measuring mutagenesis in vitro....



Parallel trials in US (Boston, Cincinnati, Los Angeles), Paris, London
Interim efficacy and safety analysis of the first 9 patients enrolled

Median follow-up 29.1 months (12.1-38.7)
No myelosuppressive conditioning

U5U5R RΔSD PREEF1s IL2RG



Insertion near lymphoid proto-oncogenes are far less frequent….

Hacein-Bey-Abina, Pai et al, NEJM 2014

Frederic Bushman, University of Pennsylvania



ADA-SCID: disease pathophysiology…



Phase I/II, open-label, non-randomised, trial to assess the
safety and efficacy of EF1αS-ADA lentiviral

vector mediated gene modification of autologous
CD34+ cells from ADA-deficient individuals

UCL-GOSH and UCLA: enrolled >50 patients August 2018



LV gene therapy for ADA SCID (OTL101) –
cumulative data

CD34+ cells transduced with lentiviral vector, fresh and cryopreserved 
formulations

Cohort size 48 patients treated (follow-up of 1-60  months) as of June 2017

Survival 100% survival 

Immunological and 
metabolic recovery

• Immunological and metabolic recovery in 47/48 patients 
• 47/48 patients with > 6 months follow-up off ERT 

Patients off immunoglobulin 
replacement therapy

majority with > 18 months follow-up off IgRT

Risk of leukaemia No evidence of persistent clonal dominance 



Choice of therapies….



Broadening HSC gene therapy landscape……

~200 patients and rising



Orchard Therapeutics – Confidential Information

HSC gene therapy: delivery of proteins to other tissues
Potential to treat diseases with CNS manifestations

Source: Capotondo et al. PNAS 2012;109:15018-15023
Brain of a wildtype mouse transplanted with GFP-LV transduced HSPCs after Busulfan conditioning
Green = GFP (green fluorescent protein); blue = nuclei staining
Morphology of the ramified parenchymal cells resemble microglia at different stages of maturation (source: A. Biffi)

Distribution of genetically modified cells in mouse brain

19

HSC-derived myeloid cells migrate into 
brain across BBB



Orchard Therapeutics – Confidential Information

MLD: preservation of motor and cognitive function (Biffi et al.) 

GMFM: gross motor function measure
Data from Sessa (Lancet Neurology 2016) in 9 patients. Median follow-up: 36 months (18-54 months)

20

Chronological age (months)Chronological age (months)

Treated with OTL-
200Untreated

Cognitive function within normal range in 8/9 patientsMotor function stable or comparable to healthy 
participants in 7/9 patients



PGK-GFP knock-in in HSPCs

Efficient knock-in of a PGK-GFP cassette into the WAS locus in HSPCs

PGK-GFPHA HA

AAV6 donor 
vector

GFP+ cells
Day 14

Colony forming efficiency in edited HSPCs
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No lineage skewing observed in vitro

Genome editing in HSPCs

gRNA MS-gRNA

Gene editing: efficient targeting of HSPCs ?…



WAS locus

Donor 
template

Edited locus

Ex1

coWAS

ATG

ATG

Ex1

coWASHA HA

Gene editing strategy

Gene editing strategy

gRNA

*
Ex1 Ex2

WAS
locus

coWASHA HA

Gene editing tools

AAV6

Cas9

WAS gene

Gene editing approaches for WAS…

Alessia Cavazza



WASP-/- HSPCs

WASP expression (FACS)

Gene Targeting (ddPCR)
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mean WASP % 40 25 5

Copy Number 1 1 1.2

coWAS_pA coWAS_UTR WW1.6

mean WASP % 75 45 20

Copy Number 1 1 3.5
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Genome targeting restores WASP expression in WASP-/- HSPCs

ddPCR

Macrophages
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Successful editing of WAS HSPCs…



Gene editing and repair: CRISPR Cas9 IL7Ra SCID.....



Efficient gene editing in allogeneic T cells (Qasim, Veys…)….
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