
 1 

DATA PRESENTED ON WAS GT PROGRAM FROM SR-TIGET GROUP 
Speakers and presentations 

 
Francesca Ferrua 
Hematopoietic Stem and Progenitor Cell Lentiviral Gene Therapy for Wiskott-Aldrich 
Syndrome: Up to 10.5 Years of Follow-Up in 17 Subjects 
 
Maria Carmina Castiello 
B cell reconstitution in WAS patients after Gene Therapy  
 
Maria Pia Cicalese 
Restoration of follicular T cells in patients with Wiskott-Aldrich Syndrome after gene 
therapy 
 
 
SUMMARY 
 
Wiskott-Aldrich Syndrome (WAS) is a rare, X-linked, life-threatening primary 
immunodeficiency and platelet disorder caused by WAS protein (WASP)-encoding gene 
mutations. WAS is characterized by micro-thrombocytopenia, eczema and increased risk of 
infections, autoimmunity and tumors. WASP is a key regulator of cytoskeletal organization in 
hematopoietic cells, it is involved in cell signaling and plays a fundamental key role in T- and 
B-lymphocyte biology. Patients with impaired WASP expression show alterations in humoral 
immunity, self-tolerance, and pathogen clearance due to inadequate antibody production. 
Mutations in WASp gene can manifest with variable severity, ranging from X-linked 
thrombocytopenia (XLT, Zhu score 1-2) to a severe WAS (Zhu score 3-5). 
Although WAS can be treated with allogeneic hematopoietic stem cell transplantation 
(HSCT), a suitable donor is not always available and HSCT can be associated with long-
term complications such as graft-versus-host disease, rejection, autoimmunity, and toxicity 
from myeloablative conditioning. Importantly, HSCT carries higher risks in patients ≥5 years 
of age [Burroughs, et al. Blood 2020; Albert, et al. Blood 2022]. 
Ex vivo autologous hematopoietic stem and progenitor cell (HSPC) lentiviral gene therapy 
(GT), OTL-103, is being studied as an alternative treatment. OTL-103 is an investigational 
GT composed of autologous CD34+ HSPCs transduced ex vivo with a self-inactivating 
lentiviral vector (LV) encoding human WAS cDNA under the control of the endogenous 
human WAS promoter leading to its physiological expression in HSPCs and their progeny 
[Ferrua, et al. Blood 2019]. 
 
Here we report updated safety and efficacy results of OTL-103 in 17 male subjects treated at 
San Raffaele Hospital (Milan, Italy) as part of a Phase I/II clinical trial or Expanded Access 
Program (EAP) with up to 10.5 years of follow-up. 
 
NCT01515462 (Trial): Eight subjects were treated with OTL-103 at a median age of 2.2 
years (range, 1.1 – 12.4), with 3/8 subjects aged ≥5 years. Bone marrow (n=5), mobilized 
peripheral blood (mPB, n=2) or both (n=1) were the HSPC sources. Prior to GT, all subjects 
received reduced-intensity conditioning (RIC) with rituximab, busulfan, and fludarabine. At 
data cutoff (04-Dec-2020), median follow-up was 8.4 years (range, 5.2 – 10.5). 
 
EAP: Nine subjects were treated with OTL-103 following RIC at a median age of 3.8 years 
(range, 1.4 – 35.1), with 4/9 subjects aged ≥5 years, 2 of whom were adults. MPB was the 
HSPC source. At data cutoff (12-Feb-2021), median follow-up was 3.3 years (range, 0.4 – 
4.9). 
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At time of analysis, overall survival was 100% (Trial) and 89% (EAP). One EAP subject died 
4.5 months post-GT due to deterioration of a pre-existing neurological condition considered 
unrelated to OTL-103 by the investigator. To date, there have been no reports of OTL-103-
related adverse events (AEs) or serious AEs and no signs of insertional mutagenesis, 
replication-competent lentivirus, or engraftment failure. 
Sustained engraftment of genetically modified HSPCs resulted in restoration of WASP 
expression in lymphocytes and platelets. A reduction in severe infection rate was observed, 
with 2.1 and 1.4 events per person-year of observation (PYO) (Trial and EAP, respectively) 
in the 12-month pre-GT period which decreased to 0.1 events per PYO >6 months post-GT, 
resulting from immune reconstitution with normalization of T-cell function. Immunoglobulin 
replacement therapy (IgRT) cessation occurred in all evaluable subjects; median time to 
cessation was 577 days (range, 307 – 1843) (Trial) and 158.5 days (range, 91 – 503) (EAP). 
The severity and frequency of bleeding events reduced post-GT, with 3.4 and 1.9 events per 
PYO (Trial and EAP, respectively) in the 12-month pre-GT period which decreased to 0.1 
events per PYO >6 months post-GT. No severe bleeding occurred after the 6-month post-
GT period. All subjects discontinued platelet transfusions; median time to platelet transfusion 
independence was 85.5 days (Trial) and 20 days (EAP) post-GT. Trial subjects had a 
median platelet count of 11.5x109/L at baseline, which increased to 67.5x109/L (n=4, Year 
8), and EAP subjects had a median platelet count of 21.5x109/L at baseline which increased 
to 54.5x109/L (n=4, Year 3). At baseline, 7/8 Trial and 7/9 EAP subjects had eczema, which 
later resolved in all evaluable subjects. All evaluable subjects (or their caregivers) reported a 
normalization or improvement of social life post-GT with a median Lansky/Karnofsky 
performance index demonstrating no physical limitations or need for assistance with 
activities. Seven subjects received GT at ≥5 years of age and similar clinical benefit was 
seen regardless of age at GT including in 2 adult subjects with previous splenectomy. 
 
B cells play a crucial role both in immune competence and self-tolerance and defects in their 
development and function result in immunodeficiency and/or autoimmunity. We and others 
have demonstrated the pivotal role of WASp in the homeostasis of B cell compartment and 
the contribution of WASp-deficient B cells to immunodeficiency and autoimmunity in WAS. 
Thus, the amelioration of B cell defects in WAS patients will contribute to the overall clinical 
benefit achievable by a definitive cure. We previously showed the short-term analysis of the 
B cell reconstitution of a Phase I/II clinical trial (NCT01515462) in 4 subjects treated with 
OTL-103, a drug product composed of autologous CD34+ hematopoietic stem and progenitor 
cells transduced ex vivo with a lentiviral vector (LV) encoding human WASp cDNA under the 
control of the endogenous promoter.  
We reported updated results on the B cell reconstitution of 17 WAS patients treated with 
OTL-103 at San Raffaele Hospital as part of the same clinical trial or expanded access 
programs (EAP) with up to 10 years follow-up, providing the longest follow-up reported to 
date. 
We analyzed the B-cell subset distribution in the bone marrow and peripheral blood of WAS 
patients before and after GT by flow cytometry and monitored B cell parameters over time. 
The analysis of the last step of B cell differentiation confirmed the increase of small-Pre BII 
cells and the decrease of immature B cells in bone marrow of untreated WAS patients as 
compared to age-matched healthy donors (HD), likely due to a reduced retention in bone 
marrow niche. This finding was associated with the increased proportion of transitional B 
cells in peripheral blood which normalized 6-12 months post-GT. We observed a progressive 
increase of total memory B cells in WAS patients which reached normal values for age 18-24 
months post-GT, suggesting that the slow reconstitution of antigen experienced B cells is 
secondary to the proper reconstitution of the naïve B cell pool and the T cell compartment. 
Given the relevance of adaptive immune system reconstitution after treatment, we deeply 
monitored the reconstitution of six distinct memory B cell subsets: four subsets which 
generate from primary and secondary germinal center (GC) responses, and two memory B 
cell subsets generating independently from GC. We confirmed that the absence of WASp 
mainly affects T-cell independent responses of B cells and only mildly impairs the generation 
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of early memory and class-switched memory B cells in germinal centers. Interestingly, each 
memory B cell subpopulation showed specific kinetics of reconstitution upon GT. Early 
memory B cells reached the range of reference values (6-12 months after GT) first, followed 
by GC-independent memory B cells (6-24 months after GT). Switched memory B cells 
represented the subset requiring the longest time to recover upon GT (more than 24 
months).  
All treated WAS patients showed improved immunoglobulin serum levels over time and 
discontinued intravenous immunoglobulin with a median time to discontinuation after gene 
therapy of 10 months. 
To further monitor the composition of the peripheral B cell compartment, we analyzed the 
expression of two complement receptors, CD35 and CD21, involved in maintenance of self-
tolerance and less expressed in B cells from patients with WAS. In parallel, we verified the 
presence of an unusual population phenotypically identified as CD21low that were enriched in 
autoreactive and unresponsive B cells that could be involved in the breakdown of B-cell 
tolerance. We observed the correction of these autoimmune-associated immunophenotypic 
perturbations in GT-patients with frequencies remaining stable until the last follow-up. 
 
Although many of the biological functions and clinical symptoms of WAS are restored after 
curative treatment, humoral autoimmune may recur. We hypothesize that at the core of this 
defect there are alterations in the quantity and quality of germinal centre (GC) responses 
that are controlled by two subsets of CD4+ T cells known as follicular helper (Tfh) and 
follicular regulatory T (Tfr) cells. Tfh cells are specialized in “helping” the GC response by 
promoting class switch recombination, affinity maturation of GC B cells, while facilitating the 
differentiation of memory B cells. The distribution, number and activation profile of circulating 
Tfh subsets have been associated with the clinical outcome of numerous diseases spanning 
from autoimmunity to immunodeficiency. Tfh cell-mediated antibody responses were shown 
to be modulated by Tfr cells, a population of FOXP3+ regulatory T cells that express 
CXCR5. WASP-deficient patients show an altered response to pathogens, with the presence 
of autoantibodies and reduced number and activity of Tfh cells, with a predominant Th2 and 
Th17 Tfh cell polarization. There is indeed an explicit relationship between plasma CXCL13 
concentrations and GC frequencies in lymph nodes in a series of different conditions. 
Because the role of Tfh and Tfr cells in WAS is currently poorly understood, we hypothesize 
that Tfh and Tfr cell dysregulation may contribute to the humoral defects in WAS patients, 
and that the restoration of this compartment can arrest disease progression or autoimmunity 
recurrence. We evaluated Tfh and Tfr cell number, phenotype, ratio and functions in 
patients, before and after GT. Identifying the role of Tfh cells in the regulation of humoral 
immunity in patients with WAS mutations may also provide new biomarkers of disease 
course, and novel therapeutic targets to improve the clinical outcome in the affected 
patients. To this aim, number, phenotype, and functional properties of follicular T cells 
(helper and regulatory – Tfh and Tfr) and CXCL13 plasma levels were determined, with flow 
cytometry and ELISA respectively, in WAS patients before and after GT. 
Our data show lower levels of Tfh cells (CD4+CXCR5+), their subpopulations and Tfr cells 
(CXCR5+FOXP3+) in WAS patients compared to healthy donors (HD). The levels of these 
cells, especially the Tfr population, return to values like HD after the fifth year after gene 
therapy. Patients with a low clinical disease score showed fewer alterations in Tfh cells. 
Surface receptors PD-1 (programmed cell death protein-1) and ICOS (inducible T-cell 
costimulator), which are required for Tfh development, differentiation, and function, were 
also assessed, and showed a significant decrease after GT resulting in values similar to 
those of HD. Interestingly, WAS patients showed elevated levels of plasma CXCL13 
compared to HD, that decreased significantly after 5 years post-gene therapy, restoring 
values similar to HD. 
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CONCLUSIONS 
 
The safety and efficacy analysis of 17 subjects treated with OTL-103 with up to 10.5 years 
follow-up demonstrates the potential of GT as an effective treatment for patients with WAS, 
including older patients (≥5 years), a group considered at higher risk when treated with 
allogeneic HSCT. All surviving subjects achieved sustained multilineage engraftment of 
genetically modified cells, resulting in WASP expression restoration, immune reconstitution, 
and amelioration of platelet counts. Substantial reductions in severe infections and severe 
bleeding events were seen despite patients ceasing IgRT and antimicrobial and bleeding 
prophylaxes, resulting in a noticeably improved quality of life. 
 
Overall, our study of 17 WAS patients confirms that WASp plays an important role in the 
regulation of B cell homeostasis. Importantly, the long-term follow-up results shown here 
provide evidence that WAS patients treated by LV-mediated GT showed a robust and stable 
reconstitution of naïve and memory B cell compartments, and correction of autoimmune-
associated subsets, which contribute to the overall clinical benefit. 
 
Gene therapy could also restore some of the defects observed in the Tfh and Tfr cells of 
WAS patients, contributing to the recovery of the humoral response of the immune system. 
The proper function and differentiation of these cells is also favoured by restoring optimal 
values of PD-1 and ICOS receptors. In addition, decreased plasma levels of CXCL13 
contribute to the restoration of optimal GC function. 


