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Kaufmann, Buening, Galy, Schambach, Grez, EMBO Mol Med 2013

Nishimasu et al. 2014
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Lentiviral gene therapy for X-CGD
Successful transduction of myeloid stem cells

Kohn et al. ASH2018, ASGCT 2019, Submitted
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Lentiviral gene therapy for Fanconi Anemia
Successful transduction of fragile polyclonal HSC  
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Spinal Muscular Atrophy Gene Therapy

scAAV9 gene transfer of SMN1 in SMA type 1 
PI Jerry Mendell
Columbus Ohio – AveXis (Novartis)
A single IV injection
low dose cohort 6.7E+13 vg/Kg  none walk. 
Medium cohort 2E+14 vg/Kg all have reached development milestones

https://www.c-span.org/video/?c4745365/nih-pediatrics-success-story-gene-therapy&start=502
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Gene editing in the clinic since 2017, actively in ex vivo
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Now, 9 approved gene therapy drugs in Europe/US
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Ongoing gene therapy trials in 2019 in hematology indications
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Currently about 1000 ongoing gene therapy trials
(clinicaltrials.gov)
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25 years to develop CAR-T cells

2 approved products

Aderse events

Many trials

Hundreds of patients

A driving force  
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HIV  gene therapy

About 10 ongoing gene therapy trials (clinicaltrials.gov)

CCR5 shRNA/TRIM5alpha/TAR decoy-transduced autologous CD34 during HSCT for lymphoma (UCSD, UCSF, MSKCC)

Cal-1 (LVsh5/C46) drug product (StLouis, Paris)

Multiplex shRNA anti HIV (Shangai)

CCR5 deletion by CRISPR during HSCT for malignancy (Beijing and affiliated hospitals)

CD4 CAR+CCR5 ZFN T-cells (Upenn)

DNA vaccine + IL12 (UCLA, SF)

AAV8-VRC07 IM (NIH)
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Apparent limitations rAAV vectored immunoprophylaxis

AAV VIP limitations

Lack of Ig maturation

Ig glycosylation

Active [C]

Frontiers in Immunology, 2014

Induction of antibodies and T cell responses to 
capsid

Toxicity
(Loss of therapeutic efficacy)
Prevents redosing

Induction of T cells and antibodies against the 
transgene product and gene-modified cells

Loss of therapeutic efficacy
Inflammation/Toxicity

AAV capsid seropositivity nAbs
Ineligible persons
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Limitations
Human B cells remain difficult to 
transduce  
(Amirache et al, Blood, 2014)

Gene transfer in B cells
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March 2019
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Lentiviral pseudotyping and immunization

VSVg

p24

p17

Denard et al. Proteomics 2009

A. Galy -Sept 30, 2019     17



Syncytins, env genes exapted for placentation

Lavialle et al. Physiological Transactions of the Royal Society, 2013
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Human and murine syncytins

Typical retroviral envelope structures

Fusogenic properties

Involved in biological membrane fusion processes (placentation, 

skeletal mmlmuscle regeneration, osteoclast differentiation

Hu Syn1 Hu Syn2 Mu SynA Mu SynB

Receptors ASCT1/2 MSFD2a GPI anchored

protein Ly6e

Not 

determined yet

Blaise et al, PNAS 2003;   Potgens et al, Histo and CellBio, 2004; Cheynet et al, J.Virol,2005;  Esnault et al, PlosGenetics 2013; Lokossou et al, Viruses, 2014

Bacquin et al, J.Virol,2017
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Spleen B lymphocytes are efficiently transduced after a single intravenous

administration of LV-SynA in mice

Vector integration analysis

PBS LV-SynA
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FACS-purified B cells

ImmunohistostainingBioluminescence analysis
Day 20 post-injection (spleen)
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In vivo

4µm sections of spleen are blocked

with PBS-BSA 5% during 30min and

stained with anti-B220 (1/20) and

anti-luciferase (1/50) for 2h, then with

a goat anti-rat-Alexa594 (1/1000) for

1h30 and with a donkey anti-goat-

Alexa488 (1/1000) for 1h30.
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Total spleen

Spleen B cells from are sorted by FACS

at 21 days post-injection, they are 7AAD-

CD19+B220+CD3-. A PCR on PSI

sequence is performed on B cells gDNA.

A qPCR on WPRE sequence is

performed on total spleen cells gDNA

at 21 days post-injection. Statistics

were done using Kruskall-Wallis test.
LV-SynA & LV-SynB vectors allows an efficient transduction of 

murine mature and immature primary B cells

LV-SynA vectors transduced human primary B cells
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B cells : 7AAD-CD19+B220+CD3-

T cells : 7AAD-CD19-B220-CD3+

CD4+ T cells : 7AAD-CD19-B220-CD3+CD4+

Non B cells : 7AAD-CD19-B220-

Pre-pro-B : 7AAD- CD19- B220+ ckit- CD43+ CD24-

Pro-B : 7AAD- CD19+ B220+ ckit- CD43+ CD24-

Pre-B : 7AAD- CD19+ B220+ ckit- CD43low CD24+

Mature B : 7AAD- CD19+ B220+ ckit- CD43- CD24-

Cells were transduced with 1x10e5 IG/mL of LV-SynA or LV-SynB in presence of VF1 (12µg/mL). The transgene

ΔNGFR expression was measured by FACS 4 days post-transduction. Murine cells were cultured in RPMI

medium + 10% FCS + 1% glutamine + 50µM β-mercaptoethanol. Human cells were cultured in X-Vivo medium +

10% FCS + 1% glutamine + 2µg/mL CD40L + 50ng/mL IL-21.
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Human PBMC

B cells : 7AAD-CD19+CD20+

In vitro

Youna Coquin PhD student

Coquin, Ferrand, Galy. Unpublished, Presented at ASGCT, May 2019
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Induced antigenic specificity replacement Induced class switch replacement

SYNB project: CRISPR-mediated Ig gene editing in B cells for immunotherapy

ANR-AAPG. A. Galy, M. Cogné, G. Semana
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Therapeutic potential of anti-HIV bnAbs

………
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HIVbnAbs
Collaboration VRI
Y. Lévy
G.Pantaleo
C. Fenwick

Lentiviral bnAb gene transfer

Ig gene editing for bNab specificity replacement
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Greiner et al. iScience 22 Feb 2019
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Technology
Preclinical

models
Translation 

capacity
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Accélérateur de Recherches 
Technologiques en Thérapie 

Génomique

Accelerator of Technological Research
in Genomic Therapy
A. Galy, PhD. Inserm



Platform of genomic engineering for immunotherapy

Antibody-
Reprogrammed
B cells

CAR
T-cells

HSC
Gene 
Correction

Rare genetic diseases
Cancer
Infectious diseases

Product development, Bioproduction and Controls
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ART-TG Technologies

CRISPR

Patent N° EP16194180.2
TatBeclin transduction enhancer
Patent N° EP16305466.1
Novel lentiviral vector pseudotypes …..

Patents  

Production
(LV/IDLV)
Purification
Controls

Cell Processing ie CB   

Genetic modification
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Hilma Af Klint (1908)
Guggenheim, NYC, March 2019 

A vision of Gene Editing and the Promises of Genetic Immunotherapy 
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