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Successful engraftment of gene-corrected
hematopoietic stem cells in non-conditioned
patients with Fanconi anemia
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Fanconi anemia (FA) is a DNA repair syndrome gener
ated by mutations in any of the 22 FA genes discovered to
date™. Mutations in FANCA account for more than 605 of
FA cases worldwide®”, Clinically, FA is associated with con-
genital abnormalities and cancer predisposition. However,
bone marrow failure is the primary pathelogical feature of FA
that becomes evident in 70-80% of patients with FA during
the first decade of life*%, In this clinical study (ClinicalTrials.
gow, NCT03157804; European Clinical Trials Database, 20M-
006100-12), we demonstrate that lantiviral-mediated hema-
topoistic gene therapy reproducibly confers engraftment
and proliferation advantages of gene-corrected hematopoi-
etic stem cells (HS5Cs) in non-conditicned patients with FA
subtype A. Insertion-site analyses revealed the multipotent
nature of corrected H5Cs and showed that the repopulation
advantage of these cells was not due to genotoxic integrations
of the therapeutic provirus. Phenotypic correction of blood
and bone marrow cells was shown by the acquired resistance
of hematopoietic progenitors and T lymphocytes te DNA
cross-linking agents. Additionally, an arrest of bone marrow
failure progression was observed in patients with the highest
levels of gene marking. The progressive engraftment of cor-
rected H5Cs in non-conditioned patients with FA supports
that gene therapy should constitute an innovative low-toxicity
therapeutic option for this life-threatening disorder.

Although the very low number of hematopodetic stem cells
(H5Cs) In patents with Fanconl anemda (FAY has limited the

2% and Juan A. BuerenD123*

collection of H5Cs in previous gene therapy trials® %, the prolifera-
tiwe advantage observed in naturally reverted hematopodetic stem
and progenitor cells (H5PCs) from mosalc patients with FA™ ™ sug-
gested that the Infuston of low numbers of gene-corrected HS5Cs
might be sufficlent for their engrafiment after autologous tramns-
plantation. Mevertheless, none of the gene therapy trials conducted
to date have shown engraftment of corrected H5Cs in patients
with FA™", Several factors may account for these negattve results,
including the collection of low numbers of H3Cs from bone marrow
(BM) or granulocyte colony-stimulating factor (G-CSF)-mobilized
pertpheral blood (PBR), the use of prolonged transduction protocols
with gamma-retroviral vectors, or the absence of patients’ condi-
tioning before the infuston of transduced cells (see review In ref. '%).

The use of CI34+ cells mobilized with G-C5F and plerixafor,
together with the short transduction of these cells with FANCA len-
tiwiral wectors, enabled us to demonstrate the repopulating pobential
of gene-corrected FA subtype A (FA-A) HSCs In a xenogenic trams-
plantation model™. Om the basis of our preclinical observations, we
developed the current clinical trial in which gene-corrected HS5Cs
were relnfused tn pattents with FA withoat any cyvtotoxic conditbon-
Ing regimen.

CD34t cells were obtained from pediatric patients (aged
l-6years) before the development of severe BM fallure (BMEF)
(see Extended Data Fig. 1 and the main incluston criterla of the
FARNCOSTEM-1 HSC mobilization trizl in the Methods). In con-
trast, because the primary objective of the FANCOLEN-1 gene ther-
apy trial was to evaluate the safety of the therapeutic strategy, only

Hematopaoletic Innovative Theraplas Divislion, Centra da Investigaciones Energéticas, Medioamblentales v Teonokigicas, Madrid, Spaln *Centro dea
inwestigacion Blomdica en Red de Enfermedades Raras, Madrid, Spain. finstiuta de Investigacionas Sanfarias de la Fundacian limeénez Diaz, Madrid,
Spain. «Divisian of Transtatianal Onoology, German Cancer Reseanch Centar and Mational Center for Tumnor Dilseases, Heldelberg, Germarry. SGenatverk,
Haldelberg, Germany. “Department of Ganetics and Micrablalogy, Unhversiat Autdnoma da Barcelona, Barcedona, Spain. "Servicle de Gendtica, Hospital
dela Samta Crew | 5ant Faw, Barcelona, Spain Snsthuto de Investigackones Blomeédicas, Hospltal de 12 Santa Crew | Sant Fau, Earcalana, Spain. *servich

de Hematalogla y Oncologia Pediatrica, Fundackin de Invastigacion Elomedica, Hospital Intantil Unhwersitario Miflo lesis, Madrid, Spain. Servicio

de Hematologla, Hosplial UniversHarko Fundacidn Jiménez Diaz, Irstiteio de Investigaciones Sanitarias de la Fundaclén Jiménaz Dilaz, Madrid, Spain.
"Universite de Farls (IRSL, INSERM, CMRS), Farks, France. ®Hapital 5aint-Louls, Farls, FrRnce. "Sarvicio de Onoologia y Hematologla Pediatricas, Hospkal
Urilvarsiar Wall ' Hebiran, Barcelona, Spain *Waill 4 Hebron instiut de Recerca, Barcelona, Spain. “Gansthon, Evry, Franca “Hospital Universitario
Conastla, San Sebastidn, Spain. "Osaklidetra Basque Health Service, Pediatric Cnoolagy and Hematology Unlf, Cruces University Hospital, Barakaldo, Spain.
Esarvicha de Hematologia y Oncolagla, Hospital Sank loan de Dew, Barcelona, Spain. *Roceet Phammna, Mew vork, MY, USA. “e-malt juan busrangciemat o

1296

MATURE MEDNCIME | WOL 25 | SEFTEMBER 2017 | 1326-1401 | www.natura comyaturemedicing



