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T cell dysfunction in solid tumors
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• Cellular factors stromal cells, regulatory Treg, macrophages, MDSC
• Soluble factors TGF-ß, IL-10, nitrogen species 
• Physiologic factors hypoxia, low pH, low nutrients levels
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What is the fate of T cells encountering neoantigens early or late during tumorigenesis?

Liver cancer model to study T cell 
responses during tumorigenesis
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Discrete chromatin states regulate T cell 
dysfunction/function

Nature 2017
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What have we learned so far?

 Tumor-specific CD8 T 
cells rapidly differentiate to 
plastic and fixed 
dysfunctional states in 
solid tumors

 T cell dysfunction is 
antigen-dependent

 Transcription factors NFAT
and TOX are key 
regulators of dysfunction

Immunity 2016
Nature 2017
Nature 2019

How early does T cell dysfunction 
manifest in tumors, and what are the 

epigenetic and transcriptional programs 
regulating T cell function and dysfunction?
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Early epigenetic encoding of T cell dysfunction How are tumor-specific T cells maintained?
• Understanding how the TST population is critical to improving cancer 

immunotherapy
• TCR and cytokine signaling play dynamic roles in T cell survival. 

Determining the TCR and cytokine signaling requirements of TST can 
provide insight to improving TST persistence and cytotoxicity
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Dysfunctional differentiation
We hypothesize that TST activated in tumor-
bearing hosts undergo chromatin remodeling 
and subsequent loss of effector function in a 
cell division dependent manner

Bird 1998, Agarwal 1998 

Functional differentiation
Upon activation, T cells proliferate and 
undergo chromatin remodeling, acquiring 
cytotoxic effector function

Preprint at
https://www.researchsquare.com

/article/rs-1927273/v1

• Target specific transcription factors (TF) regulating T cell function/dysfunction to rescue TST
• Test how post-transcriptional regulation (mRNA isoform changes and translational regulation) 

control T cell function in tumors
• Profile the cycling capacity of TST in human tumor samples and peripheral blood and determine 

how this is regulated by chromatin accessibility
• Determine how spatial T cell localization to specific organs and niches within organs and tumors 

regulates their persistence and function
• Determine whether dysfunctional/exhausted T cells are the precursors for T cell lymphomas
• Target hallmark dysfunction-regulating TF such as TOX and TCF1 in T cell lymphomas
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T cell responses in early and late tumors
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TST rapidly lose 
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Do tumor-specific CD8 T cells 
(TST) differentiate and function 
differently depending on tumor 

stage? 

naïve TST

Tolerance/dysfunction mechanisms in cancer How to make a functional cytotoxic CD8 T cell
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• TCF1 is a transcription factor that regulates T cell 
development and stemness

• TCF1 dynamically changes in CD8 T cells during 
activation and plays a role in functional CD8 T cell 
differentiation
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Proliferation and TCF1 expression after activation

• T cell tolerance to self antigens is required to
prevent autoimmunity
• Peripheral T cell tolerance is an obstacle for
cancer immunotherapy targeting self-antigens
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• The peaceful co-existence of tumors with T cells--the
“Hellstrom paradox”--suggests that tumor-specific T
cells are dysfunctional
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