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Harnessing the power of the Immune system
	Adoptive cell transfer (ACT)
	Reliance on pre-existing immune response against tumour
	Most tumours lack tumour infiltrating lymphocytes (TILs)


Adapted from Postow et al. NEJM, 2015, Drake et al. 2014

Adoptive cellular therapy involving transfer of ex vivo expanded TIL cells hs shown some remarkable responses in cancer patients particularly in melanoma however  





Exemplified
While the concept that the immune system plays a role in the surveillance and control of cancer, it is only with recent advances in the field of cancer immunology that we have been able to tap into this remarkable system to fight cancer. This js exemplified by immune checkpoint blockade utilizing anti ctla4 antibodies iplimumab,


This success has garnered huge interest in further understanding the interactions between the tumour snd the immune and the mechanisms that are driving the clinical responses.


Recent advances in the field of cancer immunology has culminated in the development of several highly successful immunotherapies.
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Adoptive immunotherapy using gene-modified T cells
Kershaw et al Clinical and Translational  Immunology, 2014
CAR Transgene
scFv

Genetic engineering of T cells with chimeric antigen receptors (LHS) or with TCR trangenes that can specifically recognise tumor antigen or antigen petpides is a innovztive approach for generating unlimited number of tumo specifc T cells for adoptive transfer. 





CAR T cell clinical trials
Kershaw et al, Clinical & Translational Immunology (2014)

*
In the last 5-10 years here has been a surge of clinical activity using CAR T cells targeting antigens on both blood and solid cancers.

By far the best responses have been foiund targeting the Cd19 antigen in patients with ALL with between 80-90% objective responses been achieved. 



		Cancers

		Target antigens

		Year reported

		Number of patients 

		Responses



		Leukemia and lymphoma

		CD19

		2013

		10

		1 CR, 1 PR, 1 SD



		

		CD19

		2013

		5

		1 SD



		

		CD19

		2013

		20

		14 CR



		

		CD19

		2013

		13

		10 CR



		

		CD19

		2013

		8

		5 CR



		

		CD19

		2013

		6

		2 CR, 2 SD



		

		CD19

		2013

		24

		5 CR, 7 PR



		

		CD19

		2013

		20

		6 CR, 11 PR, 1SD



		

		CD19 and CD20

		2010

		4

		0



		

		CD19

		2011

		6

		2 SD to 10 months



		

		CD20

		2008

		7

		1 PR, 4 SD, 2 NED maintained 



		

		CD20

		2012

		3

		1 PR, 2 NED maintained



		Ovarian

		FR

		2006

		12

		0



		Colorectal and breast

		CEA

		2002

		7

		Minor response in 2 patients 



		Colorectal 

		CEA

		2011

		3

		1 PR 



		

		Her-2

		2010

		1

		0



		

		TAG-72

		1998

		16

		1 SD



		Prostate

		PSMA

		2013

		5

		2 PR














Clinical success of adoptive CAR T cell therapy (CD19) 
against B cell malignancies
2012
2013
2014
2015
2016
(Brentjens et al., Science Translational Medicine, 2013)
(Kalos et al., Science Translational Medicine, 2011)

http://emilywhitehead.com/
(Falce, L. (2016, May 15). Four years cancer-free, Emily Whitehead is a picture of health. Retrieved from http://www.centredaily.com/news/local/community/article77738122.html)

In many patients anti-tumor responses are sustained and durable


ALL is the most common cancer among children undehr 14.

Standard treatment for ALL, Multiple rounds of chemo, and bone marrow transplant.

Before CAR T cels, refractory ALL patients have a bleak outlook. 

FDA approved two CAR T therapies, Tisagenlecleucel (CTL019) and Axicabtagene ciloleucel (KTE-C19), rolled out around the world as a standard treatment for refractory patients like Emily.
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Summary of Lewis Y CAR T cell phase I trial 		     in AML patients
	Lewis-Y reactive human T cells could be successfully generated using a CAR incorporating CD28-z

	Adoptive transfer of CAR T cells targeting Lewis Y was

	well tolerated in all AML patients

	Biological responses were observed in AML patients following CAR T cell therapy

	Lewis-Y CAR T cells persist for a period of months and traffic to disease sites.

	Current CAR T cell trial in Lung carcinoma patients (Juno Therapeutics)


	

Ritchie et al., Molecular Therapy 2013

We have completed a Phase I clinical trial in AML patients invovling CAR T cells targeting the Lewis Y carbohydrtae antigen and showed long tem cytogentic remission in one of the treated patients and we have an ongoing clinical trial targeting Lewis Y in lung cancer patients and hope to have this trial completed by next year.




	Immunosuppressive microenvironment

	Insufficient activation of adoptively transferred T cells

	Inefficient homing of T cells to the tumor site


Current challenges for treating solid cancers      		by Adoptive immunotherapy

However to reach the full potential of CAR T cell therapy for solid cancers we need to develop new strategies for ovecoming the immunosuppressive microenvironmen and for increasing both the activation and homing of T cells to the tumor site
*




Adoptive T cell transfer in combination with 
	       checkpoint inhibitors

Its well known that T cell activation leads results in upregulation of a number of both costimulatory and inhibitory receptors on T cells which serve to control the response to pathogens and infection . 
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Inject E0771-Her2 (MFP)
Days
Post-treatment:
-7
0      1      2     3      4     5      6      7    8     9   
IL-2 i.p. 


Irradiate Her-2 transgenic mice (5 Gy)
Day 0
IN VITRO
Retroviral transduction and expansion of primary mouse T cells
CAR T cells i.v.
Experimental outline
Tumor
growth
 α-PD-1   i.p.
Brain
Mammary
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CAR T cells and anti-PD-1 enhance regression of established orthotopic tumors
***p<0.001
n=8/grp, n=2 combined exp
T cell injection
John et al., CCR 2013
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Clinical impact of combining CAR T cells 				with checkpoint inhibitors
Trials now emerging combining checkpoint inhibitors with CAR T cells
Patient presented with diffuse Large B cell lymphoma
Received 5 x 108 CART 19 cells
After 26 days CT scans revealed disease progression
Patient given one dose of pembrolizumab
Clinical improvement by 19 days later, one year on patient disease free.



Michael Dickinson, Peter Mac
CAR19 T cells
Progressive disease
RT + Chemotherapy
Pembro
Baseline
Chemotherapy





Adenosine mediated immunosuppression

 ATP converted to adenosine by the ectoenzymes CD73 and CD39

 Adenosine binds to four known receptors (A1R, A2AR, A2BR, A3R).

  Immunosuppressive effects of adenosine on T cells predominantly mediated by the A2AR.
Beavis et al CIR 2015













































Necrotic cancer cell
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Adenosine
Adenosine receptors (A2A/A2B)
ATP


Tumour cell
(Or Tregs, 
MDSCs etc)



T cells


IMMUNOSUPPRESSION
(Reduced proliferation, cytokine production, cytotoxicity)









We have focused a lot of our recent attention on targeting the adenosine immunosuppressive pathway. 
*




CAR stimulation results in upregulation of the adenosine A2A receptor

O we were intrested in investigating the effect of the adenosine pathway on CAR T cell activity
*




A2AR activation potently suppresses CAR T cell cytokine production


Her2+ Tumour 
       Cell
HER2 CAR
A2AAR 

A2AR antagonist
CAR T Cell
NECA


Is the adenosine pathway relevant in vivo?
A2AR antagonist rescues 
cytokine production
	NECA	Adenosine analogue (1 µM)
	SCH58261	A2AR antagonist (1 µM)
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Testing the importance of A2AR on anti-Her2  					CAR T cells in vivo
WT BL6 donor




Activation of splenocytes ex vivo
Retroviral transduction to express anti-Her2 CAR
Inject 1x107 cells i.v. twice 

 WT or A2A-/- splenocytes transduced with anti-Her2 CAR and transferred to Her2+ tumor bearing Her2Tg mice
 Mice given 5 X 104 U IL-2 per day on days 0-5 of treatment
hHer2 Tg recipients bearing Her2+ tumours
A2AR-/- donor






























































































































































































































































Genetic deletion or blockade of A2AR promotes CAR T cell anti-tumour activity

Beavis et al. JCI, 2017


	Small molecule antagonists are not as efficient as complete knockout
	Investigating genetic approaches
	Knockdown of A2AR using shRNA
	Overexpression of A1R or A3R alternative signalling receptors

	SCH58261	A2AR antagonist (1 µM)









Mention knockdown and genetic approaches
Small molecule antagonists that are not as efficient.
*







Future Directions
In vivo studies
• Combination studies with A1R/A3R agonists and A2AR antagonists

 Elucidating critical downstream signalling pathways
  • RNA sequencing
• Candidate screens ie. PKA, AKT, ERK/MAPK

  Human model
  • Generate human CAR T cells expressing A1R or             A3R in Xenograft mouse models
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