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CChapter 1 

General Introduction 
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Figure 1: Overview of the classic model of hematopoiesis.
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Figure 2: Schematic overview of B cell development in the bone marrow.

T-cell development
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Figure 3: T-cell development in the thymus overview.
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Figure 4: Schematic overview of TCR/Ig gene rearrangement by V(D)J recombination and 
highlighting the structure of the RAG1/2 recombinase complex.
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Recombinase Activating Gene proteins: RAG1 and RAG2
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Figure 5: Severe Combined Immunodeficiency (SCID) classification.
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Figure 6: Schematic representation of the developmental blocks in B, T and NK cell 
development in SCID.
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Figure 7: Therapy options for SCID: overview of allogeneic and autologous HSCT.
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First gene therapy attempts for SCID
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SIN Lentiviral-based system 

Gene therapy product for clinical implementation
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Figure 8: Schematic representation of the 3rd generation lentiviral vector (LV) system.
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CChapter 2 

Functional definition of a 
transcription factor hierarchy 

regulating T cell lineage commitment 
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Figure 1: Tcf1-deficient DN3b cells show promiscuous gene expression compared to WT 
littermate controls.
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Figure 2: Chromatin accessibility analysis in Tcf1-deficient versus WT DN thymocytes
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Figure 3: Tcf1-deficient DN3 cells dedifferentiate into DN1/2-like cells with multipotent lineage 
capacity.
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Figure 4: Re-expression of Gata3 suppresses B and myeloid development in Tcf1 deficiency
A B

C
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Figure 5: Reexpression of Bcl11b rescues T cell development in Tcf1-deficient stem cells A
B

C

D  
E
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Figure 6: Hierarchy of the core transcription factors in immature T cell development.



565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez
Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021 PDF page: 71PDF page: 71PDF page: 71PDF page: 71

Figure S1: Tcf1 deficiency leads to several arrests in T cell development with increased non-
T cells
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Figure S2: Selected gene expression profile of Tcf1 wt and ko DN3b cells by RNA-seq.



565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez
Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021 PDF page: 73PDF page: 73PDF page: 73PDF page: 73

Figure S3: Increased apoptosis and reduced proliferation of Tcf1 deficient thymocytes 
compared to wild-type cells
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Figure S4: Tcf1 deficient sorted ETP cells are arrested in development at DN1 stage in culture, 
with prominent B and myeloid development compared to wild-type sorted ETPs
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Figure S5: OP9-DL1 coculture cell development
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Figure S6: T cell receptor genes expression in co-culture experiments
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CChapter 3 

Preclinical Development of Autologous 
Hematopoietic Stem Cell Based Gene 

Therapy for Immune Deficiencies:
A Journey from Mouse Cage to Bed Side
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Figure 1: Overview of the pre-clinical assessments of gene therapy treatment:
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Animal Models
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GMP Compliant Virus Manufacturing
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GMP Gene Therapy Product Manufacturing
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CChapter 4 
Successful preclinical development 

of gene therapy for Recombinase 
Activating Gene-1-deficient SCID 
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Figure 1: Selecting the Optimal SIN LV Plasmid: Virus Production and In Vitro Efficiency

RAG1
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Figure 2: Selecting the Optimal SIN LV Plasmid to Drive an Immune Reconstitution of Rag1 
Deficiency.
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Figure 3: Extensive Immune Reconstitution of Mice Receiving Gene Therapy of Stem Cells 
with a Clinical-Grade MND-c.o.RAG1 Vector.
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Figure 4: Functional Ig and TCR Rearrangements and Ig Class-Switch after RAG1 Gene 
Therapy b 

b 
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Figure 5: Preclinical Safety 
Testing of the Clinical-
Grade.
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Figure 6: Restored T Cell Development in RAG1 SCID Patient Cells
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Figure S1: Choice of the optimal SIN LV plasmid
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Figure S2: Immune development after MND-c.o.RAG1 gene therapy in Rag1-/- mouse model.

and BM 
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Figure S3: Human immune reconstitution after CD34+ MND-c.o.RAG1 transplantation
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CChapter 5 
Developing autologous lentiviral-based 

gene therapy to correct RAG2 deficiency: 
challenges and solutions 
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Figure 1: Relevant clinically applicable lentiviral vectors drive immune reconstitution in Rag2-
/- mice.
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Figure 2: Lentiviral production and safety evaluation of different vectors
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Figure 3: Immune cell reconstitution after gene therapy with the PGK-c.o.RAG2 vector.
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Figure 4: Functional restoration of the immune system after gene therapy with the PGK-
c.o.RAG2 vector



565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez
Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021 PDF page: 168PDF page: 168PDF page: 168PDF page: 168



565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez
Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021 PDF page: 169PDF page: 169PDF page: 169PDF page: 169



565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez565096-L-bw-Perez
Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021Processed on: 31-8-2021 PDF page: 170PDF page: 170PDF page: 170PDF page: 170

Figure S1:
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Figure S2:

Table S1: Determination VCN and c.o.RAG2 expression

Description Orientation DNA sequence 5'-3'
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Table S2: Repertoire analysis (murine) primers
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CChapter 6 
A Novel branched DNA-based 

flowcytometric method for single-cell 
characterization of gene therapy products 

and expression of therapeutic genes 
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Figure 1: Branched DNA method is suitable to detect diverse therapeutic transgenes in cells 
of interest.
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Figure 2: Specificity of the branched DNA technique to detect transduced cells within the bulk 
HSPC population.
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Figure 3: Branched DNA assay sensitivity to detect therapeutic transgenes
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Figure 4: Branched DNA method as a novel gene therapy tool.
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Figure S1: Specificity of the branched DNA assay to detect transduced cells
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Figure S2: Expected portion of transduced cells when VCN of 1 is obtained by qPCR

Figure S3: Proportion of transduced cells reached plateau earlier than bulk VCN.
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CChapter 7 
Combining mobilizing agents 

with busulfan to reduce chemotherapy-
based conditioning for hematopoietic 

stem cell transplantation 
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Figure 1: Busulfan conditioning as an alternative of TBI in immunodeficient mice.
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Figure 2: Modelling busulfan conditioning in NSG mice, determining a suitable dose
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Figure 3: Effect of busulfan and mobilizing agents on BM HSCs. 
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Figure 4: Long-term immune recovery after reduced busulfan conditioning
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Figure S1: Human immune reconstitution kinetics after different busulfan dose conditioning 
in NSG mice

Figure S2: Mobilizing agents (G-CSF and Plerixafor) dosage in NSG mice.

Figure S3: Human immune reconstitution kinetics after conditioning regimens in NSG mice.
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CChapter 8 

General Discussion 
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Figure 1: Gene addition vs gene editing approach overview for gene correction on HSCs.
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Figure 2: Overview of the autologous HSC gene therapy treatment and potential improved/to 
improve milestones during the overall procedure. 
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CChapter 9 
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