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Exhausted T cells in the tumor microenvironment 
(TME) exist in a state of metabolic dysfunction
• CD8+ T cells infiltrating the TME experiencing 

chronic TCR stimulus become exhausted 

• High expression of PD1, TIM3, CTLA4 

and LAG3

• Reduction in polyfunctionality
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Exhausted T cells in the tumor microenvironment 
(TME) exist in a state of metabolic dysfunction

• Exhausted CD8+ T cells’ functions in the TME 

are repressed by suppressive cells and by 

nutrient availability and buildup of 

metabolic wastes

• Low glucose & amino acids 

• Hypoxia 

• Increased extracellular lactate & acidosis

• Reduced mitochondrial biogenesis

• CD8+ T cells infiltrating the TME experiencing 

chronic TCR stimulus become exhausted 

• High expression of PD1, TIM3, CTLA4 

and LAG3

• Reduction in polyfunctionality

• Despite the lack of nutrients/metabolites,  

exhausted CD8+ T cells persist in the TME



What sustains exhausted T cell metabolism in the 
TME?
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What metabolites are

transported by 

these molecules?

Do these molecules

promote or hinder 

antitumor Immunity?

• Nutrient transporters expressed on the cell surface control access to metabolites in different environments

Terminally exhausted

Most dysfunctional

Low-input RNAseq

• Members of the solute carrier (SLC) superfamily are involved in transport of a wide variety of metabolites 

• Some SLCs are preferentially expressed in terminally exhausted T cells



Slc16a11 (MCT11) is highly and uniquely 
expressed in exhausted CD8+ TIL
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• Slc16a11 is the third highest – non granzyme – gene differentially expressed in 
terminally exhausted T cells  

• MCT11 is highly expressed on the surface of terminally exhausted T cells across 

tumor models  

• MCT11 is also expressed on human exhausted CD8+ TIL



Understanding the function of MCT11

• MCT11 was first described in 2014 – only 4 
studies since 

• MCT11 is a type 1 proton-coupled 

monocarboxylate transporter & is chaperoned 

to cell surface by CD147 (basigin)

• Lactic acid is the most abundant 

monocarboxylate in the TME

• A member of the Slc16 family, which are 

monocarboxylates transporters 

(MCTs): short chain carbons like lactate, 

pyruvate and ketone bodies 

MCT11

MCT1

MCT11 shares charged residues on inner pore with MCT1

MCT1 – Known lactic acid transporter
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Understanding the function of MCT11

• MCT11 was first described in 2014 – only 4 
studies since 

• MCT11 is a type 1 proton-coupled 

monocarboxylate transporter & is chaperoned 

to cell surface by CD147 (basigin)

• Lactic acid is the most abundant 

monocarboxylate in the TME

• A member of the Slc16 family, which are 

monocarboxylates transporters 

(MCTs): short chain carbons like lactate, 

pyruvate and ketone bodies 

• Do exhausted T cells from the TME 

take up lactic acid?

Incubate in

samples replicates   

with pHrodo for 30 

mins @ 37C

Add 5mM 

lactic acid

No lactic 

acid (Ctrl)

Extracellular 

stain

Lactic acid pHrodo gMFI – Ctrl pHrodo gMFI

= ∆pHrodo gMFI

Ctrl

+ 5mM

Lactic acid

pHrodo

Exhausted T cells can take up lactic acid



Does MCT11 promote or alleviate exhaustion? 

OT-I

retroviral 

overexpression

of Slc16a11

B16OVA

bearing
50.5

46.5

83.3

16.7

PD-1

T
im

-3

EV Slc16a11
0

5

10

15

20

25

%
IF

N
+

%
T

N
F


+

[i
n
 T

h
y
1
.1

+
C

D
8

+
]

OE

Overexpression vector

OT-I  B16OVA-bearing

CD8+

Thy1.1+

TIL
EV Slc16a11 OE

MCT11 overexpression 

increases PD1+Tim3+

population and 

decreases cytokine 

production 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwiMpOrsuKDNAhXPth4KHdrkAyAQjRwIBw&url=http://www.clipartpanda.com/categories/mouse-cartoon&psig=AFQjCNFnMVc846OEQcRmdABaWq7rC6njJg&ust=1465750587058441


Does MCT11 promote exhaustion in endogenous 
TIL?

Wildtype MCT11 KO

Zombie 

C
D

8
 

WT MCT11 KO

0

500

1000

1500

Tumor Volume

T
u
m

o
r 

V
o
lu

m
e
 (

m
m

3
)  

WT MCT11 KO

0

5

10

15

20

Percent Live CD8+

T
u
m

o
r 
A

re
a
 (

m
m

2
)

 

D14D0

B16

Wildtype or 

MCT11f/fxCD4cre

mice

WT MCT11 KO

0

1×104

2×104

3×104

4×104

C
D

8
+

T
 c

e
ll
 n

u
m

b
e
r

Counts CD8 /vol

0.0625

• Conditional T cell knockout of 

MCT11 reduces tumor burden 

• Conditional T cell knockout of 

MCT11 increases CD8+ TIL



Does MCT11 promote exhaustion in endogenous 
TIL?
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• Conditional T cell knockout of 

MCT11 decreases coinhibitory 

marker expression in T cells

• Conditional T cell knockout of 

MCT11 increases exhausted T 

cell cytokine production



Does MCT11 promote exhaustion in endogenous 
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• Conditional T cell knockout of 

MCT11 decreases coinhibitory 

marker expression in T cells

• Conditional T cell knockout of 

MCT11 increases exhausted T 

cell cytokine production

MCT11 promotes T cell exhaustion in the TME



Could lactic acid uptake be blocked with anti-MCT11 
antibody?

PD1int

Tim-3–

No LA

LA + IgG2a

LA + MCT11 mAb

No LA

LA + IgG2a

LA + MCT11 mAb

pHrodo

B16 CD8+ TIL

Incubate TIL

samples in 

triplicates with 

pHrodo for 30 mins 

@ 37C

Add 5mM lactate

No lactate (Ctrl)

Extracellular 

stain

Add 5mM lactate 

+2µg anti-MCT11

Wait 30 mins Flow 

cytometry

Texh

Wildtype Texh

MCT11f/f x CD4cre Texh

B16 CD8+ TIL

WT PD1intTim3-



Could lactic acid uptake be blocked with anti-MCT11 
antibody?
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MCT11 enables lactic acid uptake in exhausted T cells  
from the TME



Can anti-MCT11 be used therapeutically?

D5D0

Tumor 

injections

B6 mice

mIgG2a

anti-MCT11 

D7 D9

Treat Treat

200 µg/dose x 5

0 20 40 60

0

50

100

150

200

250

Days post tumor injection

T
u
m

o
r 
A

re
a
 (

m
m

2
)

0 20 40 60

0

50

100

150

200

250

MEER TGC antiMCT11 txt 

mIgG2a

anti-MCT11

0 10 20 30
0

50

100

150

Days post tumor injection

T
u
m

o
r 
A

re
a
 (

m
m

2
)

0 10 20 30
0

50

100

150

MC38 TGC antiMCT11 txt

mIgG2a

MCT11

0 10 20 30

0

50

100

150

200

250

Days post tumor injection

T
u
m

o
r 
A

re
a
 (

m
m

2
)

B16 TGC antiMCT11 txt

mIgG2a

anti MCT11

0 10 20 30

0

50

100

150

200

250



Does anti-MCT11 therapy require adaptive 
immunity?
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Does anti-MCT11 deplete T cells by ADCC or 
block MCT11 function?
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Single agent Anti-MCT11 therapy reduces tumor burden 
by blocking T cell lactic acid uptake & promotes memory



Conclusions & Future Directions

• MCT11 is highly and uniquely expressed by 

exhausted CD8+ TIL

• Exhausted CD8+ TIL are sensitized to 

toxic lactic acid through MCT11

• MCT11 enforces CD8+ T cell exhaustion in 

the TME

• Single-agent antibody therapy against 

MCT11 reduces tumor burden in mice
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