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- Is	there	an	optimal	CAR	expression	level?

-Which	locus	can	provide	optimal	expression	level?

-Can	an	endogenous	promoter	drive	optimal	CAR	expression level?	



Hypothesis
Targeting	a	CAR	into	a	TCR	locus	provides	homogenous

and	optimal	CAR	expression



Gene	targeting	in	human	T	cells

Site-specific endonuclease

Jasin and	colleagues, 1996
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CRISPR/Cas9 rAAV6

Gene	targeting	in	human	T	cells
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DNA	repair	pathways	in	response	to	nuclease-induced	DNA	breaks	



Science	Trans	Med,	2015

Gene	targeting	in	human	T	cells
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CRISPR/Cas9-targeted	integration	into	the	TRAC locus	
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TRAC-CAR	T	cells	show	homogenous	CAR	expression
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TRAC-CAR	prevents	CAR	T-cell	exhaustion	in	vivo
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Generation	of	CAR	T	cells	with	CRISPR/Cas9-targeted	integration
of	CAR	transgene	at	different	loci



TRAC-CAR	T	cells	outperform	TRAC-EF1a-,	TRAC-LTR-,	and	B2M-CAR	T	cells	
anti-tumor	function	in	vivo
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CAR	expression	level	is	critical	to	prevent	differentiation	upon	multiple	
stimulation

TRAC-LTR-
1928z

B2M-1928z

TRAC-1928z

TRAC-EF1a-
1928z

0 1 2 4

Stimulations

CD45RA+ CD62L+
CD45RA- CD62L+
CD45RA- CD62L-
CD45RA+ CD62L-

D
ifferentiation 

0 10 3 10 5

Sample Name Subset Name Count
1_S19.fcs CAR+ 3341 
1_S19.fcs CAR+ 8030 
1_S19.fcs CAR+ 8479 
1_S19T.fcs CAR+ 3281 
1_S19T.fcs CAR+ 7339 
1_S19T.fcs CAR+ 8494 
1_S19T.fcs CAR+ 8879 
1_S19T-TCRlab.fcs CAR+ 6757 
1_S19T-TCRlab.fcs CAR+ 8869 
1_S19-1000.fcs CAR+ 9162 
1_S19-hi.fcs CAR+ 5809 
1_E19.fcs CAR+ 4201 
1_P19.fcs CAR+ 2483 

RV-1928z
CAR

0 12 24 36 48 

FACS 
CD19+ target cells 

TRAC- 
1928z 

RV- 
1928z 

RV-1928z 
TCR- 

RV- 
P28z 

0 12 24 36 48 

FACS 
CD19+ target cells 

0 12 24 36 48 

FACS 
CD19+ target cells 

hours

hours

hours

Eyquem*,	Mansilla-Soto*,	et	al,	Nature	2017



CAR	expression	is	down-regulated	upon	exposure	to	antigen
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Antigen-induced	CAR	expression	follows	different	patterns	at	different	loci	
and	with	different	promoters
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• TRAC-CAR	T	cells	show	enhanced	in	vivo anti-tumor	activity	compared	to	
conventionally	engineered	CAR	T	cells

• The	TCR	alpha	promoter	provides	highly	homogeneous	and	optimal	control	of	19-
28z	CAR	expression

• TRAC-CAR	sustains	functional	persistence	by	averting	rapid	T	cell	differentiation	and	
exhaustion

• CAR	cell	surface	expression	depends	on	both	promoter	strength	and	regulation

• Our	findings	on	TRAC-CAR	regulation	highlight	the	value	of	precision	engineering	to	
advance	T	cell-based	medicine

• CAR-T	cell	manufacturing:

• Developed	a	clinical-scale	T-cell	CRISPR-editing	step,	where	85	millions	TCRKO	T	
cells	are	generated	with	a	single	electroporation

• Simultaneous	CAR	knock-in	and	TCR	knock-out	enables	allogeneic	application

Conclusions
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