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Microenvironmental barriers to T cell-based 
therapies

Rafiq et al Nat Rev Clin Oncol 2019
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Tissue/Tumor distribution of T cells depends on 
coordinated vascular and tissue signals

Retention
(Antigen dependent)

Recruitment
(Antigen independent)

Exit
(??)



CD8+ T cells are restricted to the activated 
peritumoral stroma

S100 CD8 PDPN AQP1 CD68

Human Cutaneous Primary Melanoma Primary Murine Melanoma



 A
Q

P
1

 a
S

M
A

 P
D

P
N

 C
D

8
 S

1
0

0

Excluded

Infiltrated

LYVE-1+

Excl. Infl.

0

20

40

60 **
LYVE-1-

Excl. Infl.
0

10

20

30

Excl. Infl.
0

10

20

30

40 *

LYVE-1+

Excl. Infl.

0

20

40

60 **
LYVE-1-

Excl. Infl.
0

10

20

30

Excl. Infl.
0

10

20

30

40 *

Dermal lymphatic vessels limit CD8+ T cell 
accumulation in melanoma
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Lymphatic endothelial cells are transcriptionally 
reprogrammed in the tumor microenvironment
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Linking migration potential and T cell state in tumors
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Antigen encounter regulates CXCL12 sensitivity and 
migration ex vivo
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CXCR4 inhibition synergizes with immune checkpoint 
blockade in immunogenic melanoma

Steele et al under review 2022



CXCL12
WT

0 10 20 30
0

1000

2000

3000

T
u
m

o
r 

v
o
lu

m
e
 (

m
m

3
)

CXCL12
ΔiProx1

+ aCD8

0 10 20 30

Time (days)

0 10 20 30

CXCL12
ΔiProx1

0/15 9/12 0/5

WT ΔProx1 aCD8

0

1000

2000

3000 *

Day 14 Day 21

T
u
m

o
r 

v
o
lu

m
e
 (

m
m

3
)

0

400

800

1200

1600 **
**

T
u
m

o
r 

v
o
lu

m
e
 (

m
m

3
)

Lymphatic-secreted CXCL12 restricts CD8+ T cell-
mediated tumor control in immunogenic melanoma
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The lymphatic vasculature as a dynamic, 
immunological scaffold and immunotherapy target

Lund et al Cell Reports 2012

Lund et al JCI 2016

Loo, Nelson et al Cell Reports 2017

Lane et al JEM 2018

Steele et al JOVE 2019

Churchill et al JEM 2022
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