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CD8+ TILs 
become 

impaired during 
tumor 

progression
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Lack of Glucose 
and O2 causes 
metabolic stress 
of CD8+ T cells
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Glycolysis
 metabolites

FA
 metabolites

HIF-1α expression
Availability of Glc Availability of O2
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Hypoglycemia 
combined with hypoxia 
prompts CD8+ T cells to 
switch from glycolysis 
to fatty acid catabolism Similar to in vitro changes

Different from in vitro changes

Dependent on culture condition

Pathways

low       high

Comparisons

MAA TILs, day 30/14
E7 TILs, day 30/14
MAA spl, day 90/14
E7 spl, day 90/14

In vivo: TILs
day 30/14

In vivo: Spl
day 90/14

In vitro: hypoxia: no
Glc vs. Glc

Condition Enzymes/Factors
Gal, H/Glc, H

Glc+2-DG, H/Glc, H

G
lu

t1
H

K-
2

PG
K1

ID
H

3a
M

D
H

2

G
lc 

up
ta

ke

G
lyc

ol
ys

is

TC
A 

cy
cle

PP
AR

-α
Sl

c2
7a

4
Sl

c2
7a

2

R
eg

ul
at

io
n 

FA
 m

et
ab

.

FA
 u

pt
ak

e

TG
 s

yn
th

es
is

Li
po

lys
is

Pe
ro

xis
om

al
 F

AO

M
ito

ch
on

dr
ia

l F
AO

Ke
to

ne
 b

od
y 

m
et

ab
.

R
O

S 
m

et
ab

ol
ism

ET
C

D
G

AT
1

D
G

AT
2

PN
PL

A2
LI

PA
AC

AA
1a

EH
H

AD
H

AC
O

X1
H

SD
17

b4
AC

AD
VI

AC
AD

M
BD

H
1

N
O

X1
SO

D
1

C
AT

C
O

X5
b

 

pla
sm

a

wk 2
 tu

mors

mo1
 tu

mors
0

2

4

6

8

G
lu

 (m
M

)
(m

ea
n-

SE
M

)

Sple
en TILs

Sple
en TILs

0

500

1000

1500

M
FI

 (m
ed

ia
n)

 *

MAA    E7  

Glu-
6-P 3P

G
0.0

5.0×104

1.0×105

1.5×105

2.0×105

2.5×105

In
te

ns
ity

 

TILs, wk2
TILs, mo1 3-h

yd
rox

yb
uty

rat
e

ac
eto

ac
eta

te
0.0

2.5×104

5.0×104

7.5×104

1.0×105

Δ
In

te
ns

ity
 

Glycolysis
 metabolites

FA
 metabolites

HIF-1α expression
Availability of Glc Availability of O2

 

pla
sm

a

wk 2
 tu

mors

mo1
 tu

mors
0

2

4

6

8

G
lu

 (m
M

)
(m

ea
n-

SE
M

)

plasma
wk 2 tumors
mo1 tumors

Sple
en TILs

Sple
en TILs

0

500

1000

1500

M
FI

 (m
ed

ia
n)

 

HIF-1α expression

*

MAA    E7  

Electron micrographs of CD44+CD8+  T cells
Splenocytes TILs

20.000 x 20.000 x50.000 x 50.000 x

 

pla
sm

a

wk 2
 tu

mors

mo1
 tu

mors
0

2

4

6

8

G
lu

 (m
M

)
(m

ea
n-

SE
M

)

plasma
wk 2 tumors
mo1 tumors

Sple
en TILs

Sple
en TILs

0

500

1000

1500

M
FI

 (m
ed

ia
n)

 

HIF-1α expression

*

MAA    E7  

Electron micrographs of CD44+CD8+  T cells
Splenocytes TILs

20.000 x 20.000 x50.000 x 50.000 x

 

pla
sm

a

wk 2
 tu

mors

mo1
 tu

mors
0

2

4

6

8

G
lu

 (m
M

)
(m

ea
n-

SE
M

)

plasma
wk 2 tumors
mo1 tumors

Sple
en TILs

Sple
en TILs

0

500

1000

1500

M
FI

 (m
ed

ia
n)

 

HIF-1α expression

*

MAA    E7  

Electron micrographs of CD44+CD8+  T cells
Splenocytes TILs

20.000 x 20.000 x50.000 x 50.000 x

 

pla
sm

a

wk 2
 tu

mors

mo1
 tu

mors
0

2

4

6

8

G
lu

 (m
M

)
(m

ea
n-

SE
M

)

plasma
wk 2 tumors
mo1 tumors

Sple
en TILs

Sple
en TILs

0

500

1000

1500

M
FI

 (m
ed

ia
n)

 

HIF-1α expression

*

MAA    E7  

Electron micrographs of CD44+CD8+  T cells
Splenocytes TILs

20.000 x 20.000 x50.000 x 50.000 x

Splenocytes

TILs



In a mouse melanoma 
model drug-induced 
increases in fatty acid 
metabolism increases 
the efficacy of 
adoptively transferred 
melanoma-specific T 
cells

FF-fenofibrate, 
a PPARα agonist
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In a mouse model 
of melanoma 
increasing fatty 
acid metabolism 
increases vaccine 
efficacy   

Transcripts in tumor cells and tumor 
stromal cells (not TILs)

Glucose uptake by TILs



NSG model with 
fresh human 
melanoma 
fragments

2 recurrent melanomas, 
1 metastatic melanoma, 
1 primary melanoma
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Summary: A PPAR-a agonist can improve 
fitness of TILs through two mechanisms
1) In an adoptive transfer mouse model training tumor antigen-specific T 

cells prior to transfer to switch to fatty acid metabolism increases their 
fitness within the TME by increasing their catabolism of fatty acids

2) In tumor bearing, vaccinated mice treatment with a PPAR-a agonist 
induces tumor cells to switch to fatty acid metabolism thus increasing 
the availability of glucose for TILs, which again increases their fitness

3) In an adoptive model based on human tumors transplanted into NSG 
mice that in addition received autologous TILs a PPAR-a agonist given to 
the mice affects tumor cells rather than TILs (see 2 above)

4) No yet tested: Treatment of TILs prior to transfer
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