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Figure 1
Moving beyond checkpoint blockade to enhance antitumor immunity. Building on the success of checkpoint blockade, multiple
investigational strategies aim to overcome the immunosuppressive pathways that protect tumors from productive antitumor immunity.
These strategies include both systemic and in situ vaccines to activate naı̈ve T cells, prophylactic vaccines, and efforts to block
oncogenic innate inflammation. The tumor microenvironment is being targeted through multiple mechanisms to reduce the number of
regulatory adaptive and innate cells, block immunosuppressive metabolites and cytokines, and disrupt tumor vasculature. Several
strategies seek to activate tumoricidal macrophages or NK cells. Tumors can be directly targeted by therapeutic antibodies, and
adoptive cellular therapies endeavor to bypass endogenous responses either through ex vivo expansion of antitumor T cells or through
infusion of gene-modified T cells, such as CAR T cells that directly recognize tumor-expressed targets. Abbreviations: ADAR,
adenosine deaminase acting on RNA; BiTE, bispecific T cell engager; CAR, chimeric antigen receptor; DC, dendritic cell; HBV,
hepatitis B virus; HPV, human papilloma virus; IDO1, indoleamine 2,3-dioxygenase 1; IFN, interferon; IL, interleukin; MICA, MHC
class I chain–related protein A; MDSC, myeloid-derived suppressor cell; MHC, major histocompatibility complex; NK, natural killer;
NSAID, nonsteroidal anti-inflammatory drug; STING, stimulator of interferon genes; TAM, tumor-associated macrophage; TIL,
tumor-infiltrating lymphocyte; TLR, Toll-like receptor; Treg, regulatory T cell; VEGF, vascular endothelial growth factor.
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Immunotherapy:	beyond	checkpoint	inhibitors	



Integra:on	of	mul:ple	approaches	to	understand	the	effect	of		
immunotherapy	combina:ons	

on	the	tumor	microenvironment	and	to	predict	future	targets	
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(legend on next page)
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Single-cell	approaches	are	used	to	understand	modifica:ons	and		
to	develop	new	therapies			



The cancer immunity cycle 



Type 1 dendritic cells (cDC1) and anti cancer 
responses 

uptake ! processing! presentation !



Kras(12D+) /p53-/- (KP) adenocarcinoma of the lung 

Orthotopic implantation 
 
Tissue dissociation 
 
Identification of bone fide cDC1 
 
Cell sorting 
 
Gene expression analysis 

A genetically driven model of lung cancer to study  
cDC1 function 

Functional validation 



Multiparametric flow cytometry
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TIM4 

Differential gene expression in cDC1 from tumor free and  
tumor bearing lungs 

cont KP 



TIM4 is a receptor for phosphatidylserine implicated  
in the uptake of dying cells ( efferocytosis) by macrophages 

T-cell immunoglobulin 
and mucin domain containing  
molecule 

!



KP 

TIM4 is exclusively expressed by lung cDC1 

•  scRNA expression in the lung !

cont 



TIM4 controls efferocytosis by lung cDC1 



KP-BFP

0-1 3Day:

aTIM4/isotype aTIM4/isotype

7

analysis of 
in vivo uptake

CTV+ apoptotic cells
Analysis of in 
vivo uptake

0 2 hrs 
aTIM4/isotype

TIM4 controls uptake of tumor cells and apoptotic cells

Ctrl
KP



0

LG-OVA

7

Analysis of endogenous CD8 

TIM4 controls activation and expansion of tumor specific CD8

WT

TIM4-/-



TIM4	is	expressed	on	human	cDC1	localized	in	tumor		
associated	lymphoid	structures	and	predicts	responses	to		

PD-1	therapy	



TIM4 downregulation is a novel mechanism of tumor 
immune evasion 

Tissue surveillance by 
TIM4 

TIM4 downregulation and 
tumor immune escape 


