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Cytotoxic T Cells






Infection-mimicking Polymer Vaccine

Huebsch and Mooney, Nature, 2009; Ali et al., Nature Materials 2009; Ali et al., Sci Trans Med 2009
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WDVax

Phase I trial: Stage IV Melanoma 
patients treated Dana Farber Cancer 
Institute (Dr. Stephen Hodi: PI)

Hodi et al., Cancer Immunology Res., 2025



T cell reconstitution Therapeutic cancer vaccines Ex vivo T cell expansion

Injectable, Vaccinate against Common Antigens

With Kai Wucherpfennig (DFCI) - Kim et al., Nature Biotechnology, 2015; Li et al., Nature Materials, 2018, Badrinath et al., Nature 2022; Najibi et al., Nature BME 2024

Shed MICA/B is associated with 
progression in many human cancers 

Genomic damage
STING activation
Radiation therapy

Mesoporous silica microparticles
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In vivo expansion and anti-
tumor response

Unmet clinical needs
1. Improve the quality and yield of therapeutic T-cell products
2. Enhance therapeutic T-cell activity after infusion

T-cell activation
~hours-days

T cell expansion
~days-weeks

Cell product 
formulation

~hours-days

Non-responder
Complete responder

T cell manufacturing 



Antigen-presenting cell (APC) Artificial APC

Artificial Cells to Manufacture Cell Therapy
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Enhance T-cell activation 
and expansion
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T-cell product

T-cell 
activation

Artificial APCs

Cheung et al. Nature Biotechnology, 2018; Zhang et al., Nature Protocols 2020
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Enhance anti-cancer function
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T-cell product

Artificial APCs

Zhang et al., Nature Comm 2023



Artificial APCs
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Improved 
killing

Subcutaneous 
injection

Rescue T cell 
activity

3

Zhang et al., Nature BME 2025

Cancer Burden



T cell reconstitution Therapeutic cancer vaccines Ex vivo T cell expansionT cell reconstitution Engineered thymus Therapeutic vaccines T cell manufacturing
Modeling 

immunotherapy



Slow or Reverse Immune Aging

Thymus deteriorates after puberty

Susceptibility: cancer, infectious diseases, survival
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