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Glioblastoma remains 
incurable 

The need

5-year survival – 5.7%

2F. Hameedat,..., F. Sousa*, Nat Rev Mat, 2024 

F.Sousa*, et al, Drug Deliv Transl Res, 2023



The challenges

Presence of the 
blood-brain barrier

Immunosuppressive
tumour microenvironment (TME)

Immunotherapy

3F. Sousa et al., J Control. Release, 2021, 339:381-390

F. Sousa et al, J. Control Release, 2019, 22;309:37-47 
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saRNA nanovaccines



Power of IL-12

Immunotherapy

5
F.Sousa et al, Drug Deliv Transl Res, 2023

• Convert immunologically “cold” tumor microenvironment to inflamed “hot”
tumor.

• Stimulates production of interferon-𝛾 (IFN-𝛾)

• Changes the tumor microenvironment from one that contains M2-type
phenotype macrophages to one that has more inflammatory M1-type
phenotype

High toxicity 
via SA

Short half-
life

Limited 
dosing 

(overdosing)

Cytokine 
release 

syndrome



Treatment groups



Transfection efficacy

F. Sousa et al, manuscript in preparation 



F. Sousa et al, manuscript in preparation 

PD study 



Can nanovaccines enhance PK/PD of CAR-T 
cells into the brain and kill target cells?
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CAR-T killing assay

F. Sousa et al, manuscript in preparation 
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CAR-T killing assay

F. Sousa et al, manuscript in preparation 



saRNA encoding IL-12 is able to transfect 
efficiently GBM cancer cells and macrophages

saRNA as a vaccine platform is able to boost 
CAR-T therapy
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