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An evolving view of intratumoral T-cell dysfunction
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Cellular metabolism as a driver of proliferation

Quiescent cell

Glucose
4 ™
Fatty Glycolysis
acids \
ATRa{ TCA cycle
COZ g .
% \Glutaminolymsj

Proliferating cell
Glucose

Glutamine

) To biomass
To biomass

ATP

Co,
- \ W,

Glutamine

Finley et al, Cancer Cell 2013

glycolysis

15
o

: L

12

340 1

o

= 30

3 |

w

920

2 =

)

5 10 1 =

£ |

E

0 . . : .

CD3 o s s + + +
cD28 — — + ; o &
MHC I + + + = —
CTLA-4 — — — + —
PD-1 - e ot = o

Frauwirth et al, Immunity 2002

O VARDHANA LAB



Single-cell analysis of TILs suggests distinct metabolic features of
exhausted T-cell subsets
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Metabolic analysis of TILs largely profiles terminally exhausted
cells

Tumor Checkpoint
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A novel in vitro platform generates dysfunctional T-cells
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Chronically stimulated T-cells exhibit high rates of aerobic
glycolysis but cannot proliferate
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Chronic T-cell stimulation suppresses mitochondrial
oxidative phosphorylation
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Early chronic stimulation induces a proliferative, but not a
growth defect
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Early chronic stimulation induces a proliferative, but not a
growth defect
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Lipid synthesis is not limiting for T-cell proliferation during
chronic stimulation
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Impaired NTP generation during chronic T-cell stimulation

GLUCOSE

pyrujvate

acety'I-CoA

citrate

NMPK NME
NMP-~>NDP > NTP

| ¢
ATP ADP ATP ADP

-Log, (p value)

5
UTPe 4
ITP‘ ] ;
3 H uraci
.g.';' 31 ¢ °  xanthine
W s | CMP
a® 2" :

e : ;
veronsenessnnesssretor B il oneernne e
1 J
I I | I 1
-4 2 0 2 4

Log, fold change (chronic vs. acute)

nucleoside
catabolites

nucleosides

NMPs
NDPs

NTPs
dNTPs
all other metabolites

=
o

ratio (rel to acute)

=
=)

e o o Q9
DI S N

ATP/AMP

QPPP

O VARDHANA LAB



Chronically stimulated T-cells have sufficient mitochondrial
mass
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Chronically stimulated T-cells exhibit decreased
mitochondrial oxidation of glucose-derived carbons
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Chronically stimulated T-cells rapidly accumulate

reactive oxidation species
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Single-cell TIL analysis shows an association between
oxidative stress genes and terminal T-cell exhaustion

Melanoma/BCC/SCC
patient
[(" . Checkpoint
inhibitor o
CD45* 8
»n
o]
va
o
B ao=at g
e > ‘E
scRNA-Seq -~

1.51

1.0+

0.5-

-0.51

Sade-Feldman et al, Cell 2018

CD8* T-cell clusters

Terminally Progenitor
exhausted > like

ICB Response

-
o

Normalized ROS score

il
0

O VARDHANA LAB



ROS-dependent mitochondrial inactivation impairs T-
cell self-renewal and activate TOX expression
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ROS-dependent mitochondrial inactivation impairs T-
cell self-renewal and activate TOX expression
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Buffering oxidative stress restores NTP synthesis during
chronic T-cell stimulation
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N-acetylcysteine supplementation restores proliferation

during chronic T-cell stimulation
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N-acetylcysteine supplementation restrains terminal T-cell
differentiation by maintaining a “progenitor-like” T-cell population

Acute Chronic
GLU?OSE 3105__;1 | 3 e =
pyruvate 0 10+ 104]
4 E
DO @ Activate 10°; L N
acetyl-CoA i e _—_—
04 i 03
. S 10 | 14
O% 0 102 10° 10* 105 0 102 10% 10* 105
oS 1 Chronic + N-Ac
Q5 10244 79
N O 3
a4 ‘
O
ROS - —N-Ac 10 mM
NMPK — NME A 13
NMP—~>NDP > NTP 0 100 10° 10¢ 108
ATP ADP ATP ADP » TOX

O VARDHANA LAB



N-acetylcysteine supplementation restrains terminal T-cell

differentiation
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N-acetylcysteine-treated T-cells retain effector capacity
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CAR-T, human T-cell function are limited by ROS
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Metabolic control of T-cell dysfunction

T-cell depletion

* Altered metabolism is an
upstream regulator of
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FUtu re DireCtlons: metabolic control of immune cell fate decisions
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