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The TME is immuno- and metabolically suppressive
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Hypothesis:
CD8+ TIL dysfunction & resistance to immunotherapy is 

due in part to metabolic insufficiency



How do we assay the metabolic capacity of T cells?

Tumor 
inoculation

B16
melanoma

8-10mm growth

Nondraining LN (ndLN)

Tumor draining LN (dLN)

Tumor-infiltrating lymphocytes (TIL)

Flow cytometric analysis of TIL metabolic capacity

Glucose

NBD (fluor)2-NBDG

Pulse cells with 2NBDG

MitoTracker FM

Load cells with MitoTracker FM

Greg Delgoffe



What is the metabolic capacity of T cells?
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Do T cells lose mitochondrial mass as a result of 
robust activation?

B16OVA LN B16OVA TIL
77.1

1.71 20.5

17.0

12.8 63.8

2NBDG

M
ito

F
M

103 104 105

105

104

103

uninf spleen VVOVA spleen

78.2

0.44 21.3

91.7

4.17 4.17

CD8+ OT-I donors

OT-I x Thy1.1 T cells

VacciniaOVA infected
Thy1.2 B6 mouse

OT-I x Thy1.1 T cells

B16OVA-bearing
Thy1.2 B6 mouse

Robust activation � memory Robust activation � dysfunction

Mito mass

Loss of mitochondrial mass and function is not a phenotype of 
robust activation in vivo

LN TILspl spl
0

200
400
600
800

1000
2000
4000
6000
8000

A
T

P
 (

n
M

)

B16OVAUIVOVA

**

****

ATP



2NBDG

M
ito

F
M

103 104 105

105

104

103

18.5 24.4

38.5 18.5

17.6 9.24

60.5 12.6

2.29 25.7

42.3 29.7

2.44 7.32

59.1 31.1

PD-1– PD-1+ PD-1+LAG-3+
PD-1+LAG-3+

Tim-3+

20.1 57.8

7.41 14.7

21.6 57.0

8.33 13.0

ndLN dLN

TIL

N D T T T T T
103

104

105

M
it
o
F

M
  

(M
F

I)

PD-1

LAG-3

Tim-3

+
–
–

+
+
–

+
–
+

+
+
+

–
–
–

–
–
–

–
–
–

**

***

Mitochondrial dysfunction in TIL correlates with coinhibitory
molecule expression

Mito mass by 
coinhibitory expression

Do ‘exhausted’ TIL exhibit mitochondrial dysfunction?
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Does PD-1 checkpoint blockade rescue metabolic 
dysfunction in TIL?
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What is the mechanism for TIL mitochondrial 
dysfunction?
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What is suppressing PGC1α?

• First checked if TIL have 
deregulated mitophagy

• Investigated mitochondrial 
biogenesis

• Focus on PGC1α – transcriptional 
coactivator, dynamically regulates 
mitochondrial biogenesis
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Can enforcing mitochondrial biogenesis improve TIL 
function?
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Can enforcing mitochondrial biogenesis improve TIL 
function?
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Summary & Conclusions
• CD8+ TIL exhibit metabolic insufficiency due to 

repressed mitochondrial biogenesis

• This results in decreased effector function, which 
can be rescued with enforced PGC1α
expression

• PD-1 checkpoint blockade may not be enough to 
overcome the metabolic disadvantage in the 
TME

• Targeting both immune suppression and metabolic 
insufficiency may be needed for improved TIL effector 
function

• The metabolic status of CD8+ TIL could be used as a 
biomarker for immunotherapeutic efficacy

• Genetic or pharmacologic metabolic reprograming of 
CD8+ TIL could improve T cell monotherapy or in 
combination with PD-1 therapy
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