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Frequency of Acquired Resistance to PD-1 Blockade 

in Patients with Advanced Melanoma
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Robert et al. ASCO 2017
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JAK1/2 LoF mutations

Zaretsky et al. NEJM 2016

Sucker et al. Nature Communications 2017

JAK1/2 LoF mutations

Zaretsky et al. NEJM 2016

JAK1/2 and other IFN-g pathway LoF mutations

Shin et al. Cancer Discovery 2016

Gao et al. Cell 2016

Sucker et al. Nature Communications 2017

Loss of neoantigen expression

Anagnostou et al. Cancer Discovery 2017

T cell exclusion by WNT signaling

Spranger et al. Science 2015

Primary Resistance Acquired Resistance

Cell. 2017 Feb 9; 168 (4): 707-723



How does the cancer sense IFN-gamma 

and reactively expresses PD-L1?

Tumeh et al., Nature 2014
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Role of the IFN-g receptor pathway in resistance to 

checkpoint blockade therapy

Journal for ImmunoTherapy of Cancer (JITC) 2015, 3: P311

Cancer Discovery 2017, 7, 188-201



Interferon gamma receptor pathway regulating

reactive PD-L1 expression

Adapted from Shin et al. Cancer Discovery 2017 and Garcia-Diaz et al. Cell Reports 2017
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PD-L1 baseline surface expression

2 out of 48 melanoma cell lines had JAK1/2 LOF mutations and 
did not respond to IFN-gamma by expressing PD-L1

Shin et al. Cancer Discovery 2017, 7, 188-201
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Loss of Function (LoF) JAK1/2 Mutations Inhibiting IFN-gammaR signaling
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Analysis of Four Acquired Resistance Cases
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Jesse Zaretsky

UCLA MSTP
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*

New mutation

Cn-LOH: copy number neutral loss of 

heterozygosity

JAK1 disruption with cn-LOH as the only new and homozygous mutation in the relapsed metastasis



Log2 RNA Counts
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T cell recognition resistance to IFN-g-induced growth arrest with 

JAK2 KO
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PD-L1 

JAKs

Melanoma 

cell

APM 

Growth inh/apoptosis

Acquired 

Resistance

Interferon-gamma Sensitivity Model:  
• Initially, benefits of PD-L1 suppression outweigh immune sensitizing effects.

• PD-L1 expression is of no benefit after PD-1/L1 blockade; selective pressure is

flipped.

• The cancer has an incentive to lose INF-γ sensitivity, avoid apoptosis, enhanced 

antigen presentation.
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B2M cn-LOH in resistance to PD-1 blockade therapy



B2M cn-LOH in resistance to PD-1 blockade therapy



In 8 additional paired biopsies:

• One additional B2M LoF mutation

• No additional JAK1/2, IFNGR, IRF1 or STAT1/3/5 LoF mutations 

How prevalent are JAK and B2M loss-of-function mutations

In patients with PD-1 blockade acquired resistance?

Neither

IFNGR, JAK/STAT pathway
mutations

B2M mutations

n=12

2

2

8

Jesse Zaretsky, Antoni Ribas (unpublished)
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Confirmation of B2M and JAK as genetic mechanisms of resistance 

to anti-PD-1 using CRISPR/Cas9 knock out sublines

Davis Torrejon, Gabriel Abril Rodriguez, Siwen Hu-Lieskovan (unpublished)



Defects in the IFNγ pathway induce resistance

Loss of Ptpn2 increases IFNγ sensing by tumour cells

Genome-wide CRISPR mutagenesis reveals essential 

genes for the effector function of T cells in a target cell.

Functional loss of APLNR reduces efficacy of cancer

Immunotherapy, which IPs with JAK1



Conclusions

• Inhibiting adaptive immune resistance is the mechanistic 
basis of the antitumor activity of PD-1 blockade therapies

• Combination therapies aimed at increasing T cell 
infiltration in tumors may improve the antitumor activity of 
PD-1 blockade

• Loss of function mutations in IFN-gamma receptor 
signaling or antigen presenting machinery mediate some 
cases of primary resistance and acquired resistance to 
PD-1 blockade therapy
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