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Primary resistance to PD-1 blockade through 
T cell exclusion from tumors

Cancer cell

T-cell

Cancer cell-intrinsic mechanisms of T cell exclusion
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Biopsies of patients responding to PD-1 blockade have increased CD8 

cytotoxic T cell signatures
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Melanoma patients = 41

Excluded (n=6)

• Keratinocyte enriched (4)

• Not representative of tumor biology (2)

Pre-treatment 

samples = 27

On-treatment 

samples = 33

Total of RNA-seq

samples = 66

Non-responding = 14 Responding = 13

Unpublished
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UCLA cohort

526 genes enriched 
in DC infiltrated

43 gene enriched in low DC

Log2FoldChange > 1 or < -1; q > 5e-05 Log2FoldChange > 1 or < -1; q < 5e-05 No conditions met

Very few genes are enriched in T and Dendritic cell-low samples

Unpublished
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UCLA cohort

526 genes enriched 
in DC infiltrated

43 gene enriched in low DC

PAK4 expression is enriched in poorly infiltrated tumor samples

Unpublished

PAK4

Riaz et al. cohort, Cell, 2017

PAK4

Log2FoldChange > 1 or < -1; q > 5e-05 Log2FoldChange > 1 or < -1; q < 5e-05 No conditions met
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PAK4 strongly anti-correlates with cytotoxic T cell infiltration

PAK4: P21 activated kinase 4, a group II PAK family of serine/threonine kinases 

Unpublished
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Unpublished

PAK4 is enriched in patients without a response to PD-1 blockade therapy

(along with WNT and MYC signatures)
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SANSOM WNT PATHWAY REQUIRE MYC

PID BETA CATENIN DEG PATHWAY

BILD MYC ONCOGENIC SIGNATURE

DANG MYC TARGETS UP

DANG REGULATED BY MYC UP

SCHUHMACHER MYC TARGETS UP

MENSSEN MYC TARGETS

Normalized Enrichment Score
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Role of PAK4 in activating β-catenin and MYC gene programs

Cancer 

cell

P

PAK4

β-catenin

PAK4

Ser675

Li Y, et al. Biochim Biophys Acta, 2012

Yun CY, et al. J Invest Dermatol, 2015

Radu M, et al. Nature Reviews, 2013

WNT genes
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PAK4 expression co-localizes with β-catenin
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Pan-cancer analysis (TCGA) of PAK4 expression 
and immune cell exclusion
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Could PAK4 inhibition overcome resistance to PD-1 blockade

Cancer cell

T-cell

Sensitive to anti-PD-1

PAK4 

Sensitive to anti-PD1?Inhibit PAK4
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Genetic knockout of PAK4 reverses resistance to anti-PD-1 in B16 melanoma 

B16 is a cell line primarily resistant to PD-1 
blockade therapy 

Davis Torrejon, MD, unpublished

PAK4
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B16 is a cell line primarily resistant to PD-1 
blockade therapy 
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B16      WT   PAK4KO

0 4 6 8 10 12 14

0

500

1000

1500

2000

Days after injection

T
u

m
o

u
r 

v
o

lu
m

e
 (

m
m

3
)

B16 WT

ns

0 4 6 8 10 12 14

0

500

1000

1500

2000

2500

3000

Days after injection

T
u

m
o

u
r 

v
o

lu
m

e
 (

m
m

3
)

B16 PAK4 KO

Genetic depletion of PAK4 re-sensitizes B16 
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Genetic knockout of PAK4 reverses resistance to anti-PD-1 in B16 melanoma 
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Response to PD-1 blockade in B16 with PAK4 KO is lost 
with the depletion of CD8+ T cells  
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Replicate experiment with CD8 depletion using 
clone YTS 169.4 

Unpublished
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PAK4 deletion results in increased T and NK cell infiltration in B16 melanoma

Unpublished

Median percentage of T and NK positive clusters from 
CD45+ cells determined by Mass Cytometry
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Unpublished

*
*

Median percentage of T and NK positive clusters from 
CD45+ cells determined by Mass Cytometry
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PAK4 deletion results in increased T and NK cell infiltration in B16 melanoma
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Unpublished

Dual PAK4 and NAMPT inhibitor, KPT-9274, synergizes 
with anti-PD-1 in B16 melanoma

Pharmacologic inhibition of PAK4 re-sensitizes B16 
to anti-PD-1 therapy
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Unpublished

Dual PAK4 and NAMPT inhibitor, KPT-9274, synergizes 
with anti-PD-1 in B16 melanoma
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Unpublished

Dual PAK4 and NAMPT inhibitor, KPT-9274, synergizes 
with anti-PD-1 in B16 melanoma
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Unpublished

PAK4 inhibition results in anti-tumor activity in the 
immunogenic colon adenocarcinoma MC38 model
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Genetic deletion of PAK4 results in anti-
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treatment but only achieves complete 
regressions with PD-1 blockade

Pharmacologic inhibition of PAK4 
recapitulates the results observed in the 
MC38 PAK4 KO model 
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Take home message:

• Tumor biopsies with lack of response to PD-1 blockade

immunotherapy are poorly immune cell infiltrated and are enriched

for the expression of PAK4 and oncogenic pathways involved in

immune evasion.

• PAK4 inhibition increases the amount of tumor-infiltrating T cells

and overcomes PD-1 resistance in a CD8+ dependent manner.

• In addition to melanoma, these observations could be expanded to

other tumor types that are notoriously resistant to PD-1 blockade.
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