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Time : A key dimension and measurement
Measure of success in Clinical Oncology is Survival - OS, PFS (time unit)

How do we gain real time understanding of tumor immune evasion for T cell 
killing?  Inherent resistance (Unresponsiveness) - Adaptive resistance (Relapse)

https://sciencevibe.com/wp-content/uploads/2014/12/ Larkin et al. 2015 NEJM



Immunity cycle in cancer and how immune system kills 
cancer?

Over decades of research, now we 
understand nothing is as simple in cancer!

But, so far the common denominator of 
most potent anti-cancer response is: 

T cell mediated killing

Chen and Mellman, Immunity 2013



Dynamics (timings) of T cell interactions with cancer cells 
or antigen presenting cells

Jenkins et al. 2023 Nat comm.
Lau et al. 2020 Front Imm.



Rational approach to identify and target Disfavored genes 
against anti-cancer immunity 

Correlates in The Cancer Genome Atlas

Time-lapse capture of Disfavored genes in 
cancer cells

Time-controlled assay systems to functionally 
verify the ‘true’ disfavored genes

Drug based perturbations leading to discovery 
of immune sensitizers and underlying MOA

Rationalized drug combination for T cell 
therapy
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The Cancer Genome Atlas (TCGA)- ‘Correlates’ Hunt

In T cell enriched melanomas (top 25% CD3E-
Hi), search of genes and pathways associated 
with cytolytic activity (PRF, GZM)



Identification of correlates disfavoring T cell cytotoxicity in 
TCGA melanoma dataset
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Rational approach to identify and target Disfavored genes 
against anti-cancer immunity 

Correlates in The Cancer Genome Atlas

Time-lapse capture of Disfavored genes in 
cancer cells

Time-controlled assay systems to functionally 
verify the ‘true’ disfavored genes

Drug based perturbations leading to discovery 
of immune sensitizers and underlying MOA

Rationalized drug combination for T cell 
therapy



Time-lapse capture of Disfavored genes in cancer cells
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Time-lapse capture of Disfavored genes in melanoma cells



Correlates in The Cancer Genome Atlas

Time-lapse capture of Disfavored genes in 
cancer cells

Time-controlled assay systems to functionally 
verify the ‘true’ disfavored genes

Drug based perturbations leading to discovery 
of immune sensitizers and underlying MOA

Rationalized drug combination for T cell 
therapy

Rational approach to identify and target Disfavored genes 
against anti-cancer immunity 



Oncogenic pathways- ORF library

36 Oncogenic 
activating mutations 
introduced in A375 

cells



Oncogenic pathways resisting T cell responses



CRISPR-based genetic deletion in T cell:Cancer cell 
coculture systems



Unbiased genome-scale CRISPR screens to search for 
disfavored genes



Unbiased genome-scale CRISPR screens to search for 
disfavored genes



Validated disfavored genes are rapidly induced in cancer 
cells upon T cell contact



Correlates in The Cancer Genome Atlas

Time-lapse capture of Disfavored genes in 
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Time-controlled assay systems to functionally 
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Drug perturbations to find rationalized combination for T 
cell therapy



Drug perturbations to find rationalized combination for T 
cell therapy
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Rigorous validation of drug hits across different cell 
systems

Melanoma cell lines 
and TCR antigens



Biology of top validated gene

BIRC2 (cIAP1)

Amplified in cancers, e.g. head and neck

BIRC2 is an E3 ubiquitin-protein ligase that regulates 
nuclear factor κB (NF-κB) signaling and inhibits apoptosis

In immune cells, it can regulate antibacterial response via 
RIP2 and TRAF3 pathways 

However the role in cancer : T cell responses is unexplored



BIRC2 inhibition via LCL161 emerges as rational 
combination for ACT / T cell immunotherapy



BIRC2 deletion improves anti-tumor T cell response in 
cancer model



What is the underlying MOA of BIRC2i antitumor effect?

Is it just ‘inhibition of apoptosis’?

Is it more to this story? 



Induction of BIRC2 in cancer cells upon T cell encounter

IFNg and TNFa are key effector cytokines released upon TCR activation

These cytokines rapidly induce BIRC2 expression



BIRC2 depletion upregulates antigen presentation and T 
cell chemoattractant genes 



BIRC2 perturbation augments chemotactic migration of T 
cells



BIRC2 depletion enhances antigen presentation via IRF1 

mRNA Signature Protein levels



BIRC2 knockdown in Immune checkpoint responses



Correlates in The Cancer Genome Atlas

Time-lapse capture of Disfavored genes in 
cancer cells

Time-controlled assay systems to functionally 
verify the ‘true’ disfavored genes

Drug based perturbations leading to discovery 
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Rational approach to identify and target Disfavored genes 
against anti-cancer immunity 



Key learnings

Cancers find multiple routes and subroutes of evading immune attack. We can select one of these 
routes and interrogate the underlying principles using systems approach to find the rational 
combinations for drug treatments that may aid development of next generation of combinatorial 
treatments.

Systems approach includes utilization of public datasets to obtain patient centric insights into 
disease biology, development of cellular systems to generate large datasets and finally honing 
deeply into systematic perturbation and mechanistic studies.

It’s very important to understand limitations of systems and models used in immune interrogation.



Credits


	Real Time Analysis of Immunotherapy Evasion
	Disclosure
	Time : A key dimension and measurement
	Immunity cycle in cancer and how immune system kills cancer?
	Dynamics (timings) of T cell interactions with cancer cells or antigen presenting cells
	Rational approach to identify and target Disfavored genes against anti-cancer immunity 
	The Cancer Genome Atlas (TCGA)- ‘Correlates’ Hunt
	Identification of correlates disfavoring T cell cytotoxicity in TCGA melanoma dataset
	Rational approach to identify and target Disfavored genes against anti-cancer immunity 
	Time-lapse capture of Disfavored genes in cancer cells
	Time-lapse capture of Disfavored genes in melanoma cells
	Rational approach to identify and target Disfavored genes against anti-cancer immunity 
	Oncogenic pathways- ORF library
	Oncogenic pathways resisting T cell responses
	CRISPR-based genetic deletion in T cell:Cancer cell coculture systems
	Unbiased genome-scale CRISPR screens to search for disfavored genes
	Unbiased genome-scale CRISPR screens to search for disfavored genes
	Validated disfavored genes are rapidly induced in cancer cells upon T cell contact
	Rational approach to identify and target Disfavored genes against anti-cancer immunity 
	Drug perturbations to find rationalized combination for T cell therapy
	Drug perturbations to find rationalized combination for T cell therapy
	Rigorous validation of drug hits across different cell systems
	Biology of top validated gene
	BIRC2 inhibition via LCL161 emerges as rational combination for ACT / T cell immunotherapy
	BIRC2 deletion improves anti-tumor T cell response in cancer model
	What is the underlying MOA of BIRC2i antitumor effect?
	Induction of BIRC2 in cancer cells upon T cell encounter
	BIRC2 depletion upregulates antigen presentation and T cell chemoattractant genes 
	BIRC2 perturbation augments chemotactic migration of T cells
	BIRC2 depletion enhances antigen presentation via IRF1 
	BIRC2 knockdown in Immune checkpoint responses
	Rational approach to identify and target Disfavored genes against anti-cancer immunity 
	Key learnings
	Credits

