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AXL: the New Kid on the Innate Immune Checkpoint Block



Acute Leukemia

AML ALL

• Devastating blood cancers
• Particularly deadly in adults and elderly

Klepin et al. 2014, Roberts et al, 2017 



Leukemia Therapeutic Arsenal

Graft vs leukemia effect
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Leukemia Therapeutic Arsenal

• Require tumor specific target

• Efficacy can be limited by an 
immune-suppressive TME
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Adaptive Immune Checkpoint Blockade 

Arora S, Adv Ther, 2019Generated with Biorender.com



Prevalence of Mutations in Solid vs Blood Cancers 

Alexandrov, Nature, 2013

• Acute leukemia = Low somatic mutations
• Reduced immune recognition

• Unattractive candidates for adaptive immune checkpoint blockade



Hypothesis & Study Aims

• Cellular and molecular mechanisms involved?
• Potential for clinical exploitation?

Hypothesis: Leukemia evade immune control by actively dampening innate immunity



GAS6 & AXL are Associated with Poor Outcome in AML 

Tumor intrinsic 
Pro-oncogenic function



Leukemia-associated Macrophages Express High Levels of GAS6 and AXL
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Adapted from Rothlin et al, Annual Rev Immunol. 2015
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Tumor extrinsic function of GAS6/AXL axis in leukemia?

AXL+ stromal cells 
(Immune cells: DC, Mph, NK)



Experimental Models & Approach

AXL-negative leukemia models
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GAS6 Ablation Hampers Leukemic Growth by Promoting Anti-Leukemic Immunity

Asxl1-/- AML MLL-ENL AML BCR-ABL1+ B-ALL

Spl Liv
0.0

0.5

1.0

1.5

2.0

2.5

3.0

W
ei

gh
t i

n 
(g

)

BL6 WT + Asxl1-/- AML (n = 11)

BL6 Gas6-/- + Asxl1-/- AML (n = 11)

BL6 WT no leukemia (n = 6)

ns

***

ns

***

0

10

20

30

40

50

60

%
 to

m
at

o+  
le

uk
em

ia
 in

 B
M

*

BL6 WT + MLLR AML (n = 5)  

BL6 Gas6-/- + MLLR AML (n = 5)

BM Spl PB
0

20

40

60

80

100

%
 G

FP
+  l

eu
ke

m
ic

 c
el

ls

BL6 WT + B-ALL (n = 13)

BL6 Gas6-/-  + B-ALL (n = 13)
***

*** ***

Spl Liv
0.0
0.5
1.0
1.5
2.0
2.5
3.0
3.5
4.0

W
ei

gh
t i

n 
(g

)

ns

ns

***

***

NSG + Asxl1-/- AML (n = 12) 

NSG no leukemia (n = 5)

NSG Gas6-/- + Asxl1-/- AML (n = 10)

0

20

40

60

80

100

%
 to

m
at

o+  
le

uk
em

ia
 in

 B
M

NSG + MLLR AML (n = 6)

NSG Gas6-/- + MLLR AML (n = 7)
ns

BM Spl PB
0

20

40

60

80

100

%
 G

FP
+  l

eu
ke

m
ic

 c
el

ls

NSG + B-ALL (n = 5)
NSG Gas6-/- + B-ALL (n = 4)

ns

ns ns

Tirado-Gonzalez, Descot, Soetopo et al, Cancer Discovery, 2021



0 10 20 30 40 50 60 70
0

20

40

60

80

100

Days

Pe
rc

en
t s

ur
vi

va
l

BL6 WT (n=14)
BL6 Gas6-/- (n=13) **

0 20 40 60 80 100 120 140
0

20

40

60

80

100

Days 

Pe
rc

en
t s

ur
vi

va
l

BL6 WT (n = 5)
BL6 Gas6-/-  (n = 4) **

0 5 10 15 20 25 30
0

20

40

60

80

100

Days 

Pe
rc

en
t s

ur
vi

va
l

BL6 WT (n=7) 

BL6 Gas6-/- (n=6)
ns

Tirado-Gonzalez, Descot, Soetopo et al, Cancer Discovery, 2021

Asxl1-/- AML MLL-ENL AML BCR-ABL1+ B-ALL

GAS6 Ablation Hampers Leukemic Growth by Promoting Anti-Leukemic Immunity



TAMR+
Phagocytes

TAMR-
Phagocytes

Apoptotic Cells Limit Innate Immunity



Targeted Therapy: Nilotinib Chemotherapy: Vincristine
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GAS6 Deficiency Synergizes with Standard of Care Therapy to Eradicate Leukemia
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Acquisition of Anti-leukemic Immune Memory in TKI-exposed GAS6-/-Animals 
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Cellular Mediator(s) of GAS6 Effects?



Leukemia-associated Macrophages Express High Levels of GAS6 and AXL
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AXL-ablation in Mononuclear Phagocytes Hampers Leukemic Growth 
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• Protective effects were lost 
when macrophages depleted

• Protective effects recapitulated 
in Csf1r-Cre Socs3f/f mice
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Downstream Effector Cells?
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…Leading to a Major Switch in the Tumor Immune Microenvironment

Immune suppressive 
TME

Immune stimulatory 
TME
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…Leading to a Major Switch in the Tumor Immune Microenvironment

Generated with Biorender.com



Correlation vs Causation

Credit to Oded Rechavi
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Can AXL Ablation Elicit Adaptive Checkpoint Therapy?
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BCR-ABL1+ B-ALL

AXL Blockade Elicits Checkpoint Therapy
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AXL-deficient Macrophages Kick-start the “Cancer-Immunity Cycle”
& Elicit Adaptive Checkpoint Blockade 

Chen and Mellman, Immunity, 2013



Clinical Translation?
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..and Synergizes with Standard of Care Therapy to Eradicate Leukemia
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..in an Immune Dependent Fashion
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AXL Inhibitor Elicits Adaptive Checkpoint Therapy upon Relapse
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Summary

• Leukemia cells actively establish  a tumor suppressive TME by instructing TAM to 
produce high levels of  GAS6 (IL 10 dependent process)

• GAS6/AXL axis instructs macrophages to adopt an immune suppressive fate 

• GAS6/AXL ablation triggers potent anti-leukemic immunity, that depends 
on NK, T and cDC1.

• GAS6/AXL ablation synergizes with standard of care therapy to eradicate 
Leukemia and promotes anti-leukemic immune memory

• These therapeutic effects are consistently recapitulated using a clinical grade AXL inhibitor

• AXL blockade elicits susceptibility to adaptive checkpoint blockade
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