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Big Picture: Prevent T cell progression to exhaustion 
using a metabolism-focused approach

Why it matters: Exhausted T cells fight cancer poorly. Preventing 
exhaustion could improve cancer patient survival outcomes.

Investigate: Does inhibiting citrate-derived Acetyl-
CoA production impact the development of 
exhaustion in CD8 T cells? 

If so, could the observed accumulation of lipid droplets in 
exhausted T cells be a driver of exhaustion?

CD8 T cells are a subset of T cells that kill cancer cells

IFN and TNF- are pro-inflammatory cytokines. They promote 
an anti-tumor immune response

CD8+ T cells were isolated via negative 
selection using MojoSort Streptavidin 
Nanobeads

T cell receptor (TCR) was activated in vitro 
with CD3/ CD28 Dynabeads ( + muIL-2)

Acute Stimulation (AS) and Chronic 
Stimulation (CS) groups

AS = 24-hour TCR stimulation only

CS = 6 days continuous TCR stimulation

Media contains ATP Citrate Lyase inhibitor 
(ACLYi)

BMS-303141 

4 concentrations used; 0µM = control

All cells were analyzed using flow cytometry

Cytokine staining included un-restimulated 
controls; a protein export inhibitor was 
added to cells prior to restimulation and 
cytokine staining

N = 2 full repeats

Inhibiting Acetyl-CoA synthesis does impact CD8 T cell effector 
function

Sustained cytokine signaling would promote antigen 
presentation and recruitment of immune cells therefore 

Little to no observed impact on phenotypic exhaustion 

Optimal ACLYi concentration likely lies around 30µM 

Higher inhibitor concentration = less cell proliferation; more 
cytokine impact

May be possible that ACLYi is delaying T cell progression to 
terminally differentiated exhaustion

Results provide evidence to the merit of investigating lipid 
accumulation as a driver of exhaustion
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Cell Growth

As inhibitor concentration increased, cell proliferation decreased, possibly due to metabolic stress. As expected, chronically stimulated cells 
proliferated less than acutely stimulated cells. 

Cytokine Production of IFN and TNF-

Surface Markers PD-1 and TIM-3

FUTURE DIRECTIONS

Flow cytometry analysis revealed little change in PD-1 or TIM-3 
expression between inhibitor concentrations. As expected, the CS 
group exhibited a higher percentage of PD-1hi TIM-3hi cells than the 
AS groups overall.

Cells treated with 40µM of ACLYi consistently produced notably 
more pro-inflammatory cytokines (IFN and TNF- ) than cells 
treated with lower inhibitor concentrations or no inhibitor. 

HYPOTHESIS

T cells can lose their effector 
function when entering a 
hypofunctional state called 
exhaustion

Driven, in part, by chronic 
activation due to persistent 
antigen exposure

Less 
exhausted

More
exhausted

Lipid 
Droplet

Exhausted T cells lose full mitochondria function, causing them 
to shift metabolism to alternate pathways possibly the fatty 
acid synthesis (FAS) pathway

Observations of lipid accumulation in exhausted cells

PD-1 and TIM-3 are surface markers highly expressed by 
exhausted T cells serve as phenotypic indicators of exhaustion

Acetyl-CoA is a key 
metabolite in the FAS 
pathway. ATP Citrate Lyase 
(ACLY) is an enzyme that 
catalyzes the conversion of 
citrate to acetyl-CoA in the 
cytosol. 

By inhibiting ACLY, citrate-
derived acetyl-CoA 
production is therefore 
limited

Limiting Acetyl-CoA production will help CD8 T cells retain 
their anti-tumor capabilities.

Because exhausted T cells show decreased ability to extract 
energy from lipids; so, preventing T cells from over-utilizing 
the fatty acid synthesis pathway may improve their ability to 
function
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Repeat testing under hypoxia (1.5% O ) to mimic conditions of 
the tumor microenvironment

Use microscopy to visualize changes in lipid droplet size

Making the jump to in vivo:

Test CD8 T cells treated with ACLYi in in vivo mouse tumors; 
observe rates of IFN and TNF- production in TILs

Pair with a PD-1/PD-L1 blockade therapy; mitigate 
immunosuppressive effects of PD-1 binding

Bench to bedside transition:

Current First-In-Human clinical trial use a similar, orally-
available inhibitor of Acetyl-CoA production (via ACSS2) in 
patients with advanced solid tumors

Immunotherapy potential


