
Cell Therapy and Primary Immune 

Deficiencies

Luigi D. Notarangelo

Laboratory of Clinical Immunology and Microbiology

NIAID, NIH

luigi.notarangelo2@nih.gov

Vilamoura, Portugal, April 27-29, 2022



Susceptibility to a broad 
range of pathogens

Susceptibility to a narrow 
range of pathogens

Autoimmune and hyper-
inflammatory manifestations

Hematopoietic-intrinsic defects Extra-hematopoietic defects
(“intrinsic” immunity)

Diagnosis based on clinical 
and laboratory abnormalities One gene, 

one disease

One gene,
many phenotypes

Many gene,
one same phenotype

Supportive therapy

Cellular therapy
(HSCT)

Molecular therapy
(gene therapy)

Precision medicine
(targeting precise 
biochemical defects)

Inborn errors of immunity:
A continuously evolving story

(Notarangelo et al., Science Immunology 2020)
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Cellular therapy in inborn errors of immunity

(Notarangelo et al., Science Immunology 2020)





1982-1989        115          86            82            76            72            71

1990-1999        224        174          156          147          140          130

2000-2009        295        225          208          177          147          120 
2010-2018        262        204          164          123             77           49

Overall Survival after HCT for SCID has
improved in the last decade

No. at risk



Improved Survival in the last decade after HCT for 
SCID from donors other than matched siblings

Matched other related and unrelated donors Mismatched related donors



Newborn screening for SCID allows improved survival after HCT 

No. at risk

Clinical presentation         89           69           57            44           37           25

Family history                   49           39           35            28           18           13

NBS                                130         115           98            81            59          35 

p=0.012



HSCT for IEI: Which conditioning regimen?
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Intensity of immunosuppression

No Conditioning

2 Gy TBI
Fludarabine

4 Gy TBI
Fludarabine

Treosulfan
Fludarabine

Treosulfan
Fludarabine

Campath/ATG

Treosulfan
Fludarabine

2 Gy TBI
Campath/ATG

Busulfan 16
Cyclophosphamide

Campath/ATG
Busulfan 16
Fludarabine

Campath/ATG

Busulfan 8
Fludarabine

Campath/ATG



Depleting hematopoietic stem and progenitor cells with 
monoclonal antibodies: a new way to conditioning regimens
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with anti-c-kit monoclonal antibody
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Phase 1/2 dose-escalation and expansion trial evaluating use 
of JSP191 (anti-c-kit mAb) as a sole conditioning agent to 
achieve donor stem cell engraftment in patients with SCID





Infections are frequent

while waiting for immune 

reconstitution after HSCT

Can we speed it up?
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(modified from André et al.,  Bone Marrow Transplantation 2019)

Accelerating immune reconstitution after hematopoietic stem cell transplantation



Virus-specific T-cell therapy for patients with 
primary immunodeficiencies

conditioning

regimen

HSCT



Complete response

Partial response (sustained >50% decrease in viral load)

No response

Not evaluable

Virus-specific T-cell therapies for patients

with primary immunodeficiencies

(Keller and Bollard, Blood 2020)

Various diagnoses Source of VST Overall response rate of 79%



Virus-specific T-cell therapy for patients with PID:
Safety considerations

• Graft-versus-host disease (GvHD)

• Cytokine release syndrome (CRS)

Relatively low risk (~10%), especially when VSTs were from HSCT donor

Rare (~2%), but more common in setting of EBV lymphoproliferative disease

PID patients may be at higher risk, because of disseminated viral disease

Anti-cytokine therapy (tocilizumab, TNF antagonists) may be efficacious



Future of virus-specific T-cell therapy for patients with PID

• Application to other viral infections

• Improvement of practical feasibility

HSV, VZV, HPV, RSV, Metapneumovirus, Parainfluenzavirus, SARS-CoV-2, Norovirus

Development of regional banks

• Extension to other pathogens

Mycobacteria spp., Mucorales



Future perspectives in cellular therapy of IEI:

Tissue engineering and cell reprogramming



Conclusions

• Early recognition of IEI is key to maximize the benefits offered by hematopoietic stem 

cell transplantation in patients with severe forms of IEI, as demonstrated by survival of 

SCID babies identified with newborn screening.

• Novel forms of conditioning regimen based on the use of monoclonal antibodies 

targeting the host’s hematopoietic stem cells and other hematopoietic progenitor cells 

give hope that it may be possible to achieve robust and sustained engraftment of donor-

derived stem cells while avoiding the risks of toxicity associated with use of 

myeloablative drugs. 

• Virus-specific T cells may represent an important form of cellular therapy to counteract 

otherwise treatment-refractory infections in patients with IEI. Broadening the specificity 

of VSTs and facilitating their distribution are important areas of improvement.

• In vitro generation of T-cell progenitors to speed up immune reconstitution after HSCT 

and thymic tissue engineering (especially with 3D scaffolds) offer promise for the future 

improvement of cellular therapies.


