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Dissertation 

“Metabolism supports CD8 T cell differentiation in chronic inflammation” 

CD8 T cells are a fundamental component of the immune system providing protection 
against intracellular pathogens, transformed cells, and self-antigens. In response to 
chronic inflammatory conditions, CD8 T cells experience persistent antigen stimulation 
and differentiate into exhausted cells that are generally characterized by reduced cytolytic 
capacity and loss of cytokine production. However, recent studies have shown that 
exhausted CD8 T cells are functionally heterogenous, consisting of a self-renewing 
progenitor population that gives rise to potent cytolytic effector and terminally exhausted 
cells under the control of distinct transcriptional and epigenetic programming. Emerging 
evidence also shows that this differentiation process is further supported by metabolic 
reprogramming to meet the bioenergetic demands of the distinct subsets of exhausted 
CD8 T cells. However, the mechanisms by which metabolism is regulated in exhausted 
cell differentiation is not well understood. Specifically, questions remain regarding how 
metabolism may support the differentiation of the cytolytic effector subset for control of 
infection and cancer and persistence of autoimmunity.  

We first characterized the metabolic heterogeneity of the progenitor, effector, and 
exhausted CD8 T cell subsets in chronic infection by utilizing the Compass algorithm, 
which provides metabolic state predictions based on single-cell RNA sequencing (scRNA-
seq) data and flux-based analysis. We applied this algorithm to an integrated scRNA-Seq 
dataset of virus-specific CD8 T cells in late chronic viral infection. Our Compass analysis, 
in combination with gene set enrichment analysis (GSEA), revealed metabolic programs 
distinct to each exhausted subset. Specifically, oxidative phosphorylation, glycolysis, and 
glutamine metabolism were more active in effector cells. Recent work in chronic viral 
infection shows that the differentiation of progenitor to effector CD8 T cells depends on 
interleukin (IL)-21- producing CD4 T cells. Therefore, we hypothesized that a pathway 
downstream of IL-21 signaling may support the observed metabolic programing of 
effector CD8 T cell differentiation in chronic viral infection. One candidate is the PIM 
kinase family, specifically PIM1 kinase, which functions downstream of JAK-STAT and IL-
21 signaling, displays high gene expression in the effector CD8 T cell subset, and is a 
known regulator of cellular energy metabolism. Using the LCMV Clone 13 model of 
chronic viral infection, we showed that CD8 T cell specific deletion of PIM1 kinase impairs 
the differentiation and cytolytic function of late effector CD8 T cells. Furthermore, 
deficiency in PIM1 kinase reduced oxidative and glycolytic metabolism, potentially 
contributing to the diminished effector differentiation and function. Overall, these data 
revealed not only the metabolic heterogeneity of exhausted CD8 T cells, but also how 
metabolic regulation through the IL-21-PIM1 axis impacts CD8 T cell differentiation.  

In contrast to chronic infection, autoimmune conditions such as type 1 diabetes (T1D) 
result from the destruction of tissues by T cells. Therefore, treatments aim to attenuate 
CD8 T cell differentiation and cytolytic function. Similar to chronic viral infection, the non-
obese diabetic (NOD) mouse model requires IL-21 production from CD4 T cells to support 
the sustained CD8 T cell effector functions for pancreatic b-cell destruction and T1D 
development. Therefore, we hypothesized that the IL-21-PIM kinase axis could be 
targeted to decrease effector metabolism and cytolytic function to prevent diabetes onset. 
Analogous to chronic viral infection, autoreactive CD8 T cells are heterogenous and can 
be characterized by a self-renewing progenitor TCF-1+ population that gives rise to a 



CXCR6+ terminal effector population. Analysis of scRNA-sequencing data of CD8 T cells 
reactive to the islet autoantigen islet-specific glucose-6-phosphatase catalytic subunit-
related protein (IGRP)206-214 showed metabolic heterogeneity between progenitor and 
effector cells, with effector cells displaying high Pim1 expression. Pharmacological 
inhibition of PIM kinase with AZD1208, a pan-PIM kinase inhibitor, significantly delayed 
T1D incidence in the NOD mouse model. Therefore, these data suggest that the IL-21-
PIM kinase axis supports CD8 T cells effector function in T1D pathogenesis.  

Overall, the work presented in this dissertation characterizes the metabolic heterogeneity 
of CD8 T cells in both chronic viral infection and T1D systems. In addition, PIM1 kinase 
may function in both systems to support effector CD8 T cell differentiation, with this 
function resulting in viral control in chronic infection or pancreatic b-cell destruction in 
T1D. Taken together, these findings may provide new pathways to target in the design of 
novel immunotherapies for chronic infections or T1D.  
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