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ARS2 is highly expressed in T-cells and further induced by
CD28 costimulation
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Figure 3: A) Basal OCR vs glycolysis at 24
and 72 hours post activation. B) Glycolysis
and OCR induction relative to 24 hours. C)
2-NBDG uptake. D) Glycolytic enzyme
expression via RNA-seq. E) Incorporation of
13C-glucose in the glycolysis pathway at 72
hours. F) 13C-glucose incorporation into
pyruvate. ***p<0.001, ****p<0.0001
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ARS2 supports T-cell glycolytic metabolism

Figure 2: A) ARS2 (Srrt) expression in mouse hematopoietic cells. B) ARS2
expression at the mRNA (left) and protein (right) levels. C) ARS2 expression
following T-cell activation under various conditions. D) ARS2 expression following
activation ± actinomycin D. E) ARS2 expression in T-cells from CD28 knockout or
mutant knockin mice activated in the presence of exogenous IL-2. *p<0.05, **p,0.01,
****p<0.0001
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CD28 costimulation drives Pkm alternative splicing in an
ARS2-dependent manner to drive T cell effector function

C)

F)

B)

ARS2 directly interacts with splicing factors and facilitates
their binding to the Pkm transcript

Figure 5: A) Co-IP of ARS2, SRSF3, and hnRNPA1 B) RNA-IP of SRSF3 or
hnRNPA1 binding to Pkm pre-mRNA in a cell line expressing either Ctl or ARS2
shRNA. *p<0.05, ***p<0.001
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Figure 4: A) Pkm2 splice form enrichment on day 1 vs day 3 post T-cell activation. B)
Ratio of PKM2:PKM1 at 24 and 72 hours post activation following enzymatic digestion
(quantified on right) C & D) Pkm2:Pkm1 following activation of CD28 mutant (C) or
ARS2KO T cells (D). E) EG7-OVA tumor growth of mice receiving WT or PKM2KO T
cells transduced with the OT-I TCR. F) IFN production following restimulation with
PMA and Ionomcyin. *p<0.05 **p<0.01, ****p<0.0001
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CD28 regulates T-cell metabolic reprogramming
through ARS2-dependent effects on alternative splicing

ARS2 supports CD8+ T-cell effector function

ARS2-containing RNP complexes determine RNA fate

An adaptive immune response requires activation of naïve T-cells via T-cell
receptor (TCR) ligation and engagement of costimulatory molecules such as
CD28, which enables cell growth, rapid proliferation, and effector
differentiation. To accomplish such bioenergetically demanding processes, Tcells must dynamically regulate their metabolism upon activation. After initial
TCR triggering of aerobic glycolysis, CD28 costimulation maintains uptake
and catabolism of glucose required for CD8+ T-cells to attain full effector
status. Despite evidence that CD28 signaling through the PI3-kinase
pathway induces glucose uptake via increased GLUT1 surface expression,
knockin T-cells expressing PI3-kinase signaling-deficient CD28 are
functional in vivo and displayed only transient defects in glycolysis. In
contrast, knockin T-cells expressing Grb2/Vav signaling-deficient CD28
lacked in vivo function and displayed sustained defects in glycolysis. Here
we identify a novel link between CD28-Grb2/Vav signaling and T-cell
glycolytic reprogramming through the RNA binding protein ARS2, a protein
central to co-transcriptional processing of nascent RNA polymerase II
transcripts. Data show ARS2 is a critical downstream mediator of CD28Grb2/Vav signaling that supports alternative splicing (AS) of the rate-limiting
glycolytic enzyme pyruvate kinase M (PKM) from the M1 to M2 isoform.
Mechanistically, ARS2 binds known PKM splicing factors and promotes their
interaction with Pkm mRNA. Consistent with this, ARS2 knockout T-cells
displayed reduced PKM AS, defective glycolytic reprogramming and lacked
the ability to control in vivo tumor growth, suggesting a novel mechanism by
which co-stimulation drives T-cell metabolic reprogramming.
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Figure 1: A) EG7-OVA tumor growth of mice receiving ARS2f/f or ARS2KO OT-I Tcells (left) or B16 tumor in mice receiving ARS2f/f or ARS2KO PMEL T cells (right). B)
IFN production following restimulation with PMA and Ionomcyin. **p<0.01,
****p<0.0001

