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Background
Neurodegenerative diseases have traditionally been considered to be confined to the nervous system.

However, emerging evidence demonstrates that the immune system, particularly T cells, plays a central
role in disease initiation and progression. The Jiang Lab has developed a high-throughput platform
capable of performing a “whole-body scan” of individual T cells. By tracing clonal copies of
brain-infiltrating T cells that also circulate in the blood, the platform can non-invasively uncover the
immune system’s hidden contributions to neurodegeneration. This paradigm shift creates unprecedented
opportunities for early diagnosis and therapeutics intervention.

The Big Idea
Harness T cells as both sentinels and effectors in neurodegeneration, enabling early diagnosis and
targeted immune-based therapies.

Why does this matter? Patients with Alzheimer’s, Parkinson’s, ALS and related disorders often face
delayed diagnosis and limited treatments, placing immense burdens on families and health care systems.
Emerging evidence shows the immune system drives pathogenesis, yet this role is underutilized for
intervention.

What will you do? By decoding the specificity, clonality and function of antigen-specific T cells, we can
detect neurodegenerative disease earlier and engineer regulatory T cells to suppress harmful immune
activity in the brain.

How will you do it? Using advanced tools like TetTCR-SeqHD and iTAST, we will profile T cells, identify
pathogenic antigens and develop targeted diagnostics. These insights will guide the engineering of
TCR-regulatory T cells for neurodegeneration.

Impact

This work could redefine neurodegeneration as an immune-linked disease, enabling earlier and more
accurate detection and establishing antigen-specific cell therapies to halt progression. Penn’s strengths in
systems immunology, neurobiology, bioengineering and single-cell analysis provide a unique ecosystem
to advance this research. Translational opportunities include startup ventures for immune-based
diagnostics and licensing of TCR-Treg therapies. By harnessing the immune system, this approach offers
the potential to reshape neurodegenerative disease care, providing hope for patients and families facing
otherwise devastating outcomes.
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