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These experiments demonstrate that the
expression of shRNA in a standard retroviral
vector provides a one-step solution to produce
cells suitable for Allogeneic CAR T cell therapy.
Our testing continues, involving the
examination of the anti-tumor potency of such
shRNA-Allo CAR-T cells. Importantly, this
approach provides a one vector solution that
offers an alternative to strategies such as gene
editing to eliminate the TCR, while also
requiring no major alteration to current CAR-T
cell manufacturing, which should enable the
rapid implementation of the approach into
clinical testing.
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Autologous CAR-T cell therapy is now a
proven breakthrough technology in the
treatment of B cell malignancies and holds
promise in the therapy of all types of cancer.
However, autologous CAR-T cell therapy does
have significant challenges relating to logistics
and product consistency. Allogeneic CAR-T
therapeutic products could allow treatment of
multiple patients with cells from the same
healthy donor, increasing product
consistency, likely reducing manufacturing
costs and avoiding the time delay required to
generate an autologous T cell product.
Allogeneic CAR-T cell therapy is dependent
upon eliminating the activity of the
endogenous T Cell Receptor (TCR) within the
engineered T cell, thereby preventing the
induction of a potentially life-threatening graft
versus host disease (GvHD).
In this work, we have explored RNA
interference to modulate the TCR and to
assess the potential of shRNA as a platform
technology for allogeneic CAR T cell therapy.

To disrupt the functionality of the TCR
complex, we tested several shRNAs for their
ability to reduce TCR expression by targeting
the CD3 elements of TCR. The best shRNA
candidates were initially identified in Jurkat
cells and then validated in primary human T
cells. Subsequently, a side by side comparison
was performed to assess the control of
alloreactivity of T cells expressing the
selected shRNA. The shRNA-CD3ζ candidate
2 (shRNA-CD3ζ-2) was selected as the
optimal shRNA to generate an allogeneic CAR
T cell platform. Finally, the selected shRNA
was compared in vitro and in vivo with a gene
editing technology (CRISPR-Cas9) targeting
as well the CD3ζ subunit. Specifically, PBMCs
were activated via anti-CD3 stimulation,
depleted for CD20-positive cells and
transduced with retroviral vectors encoding
for a truncated form of CD19 (tCD19), for
tCD19 and shRNA-CD3ζ, or nucleofected with
CRISPR-CD3ζ. Transduced cells were
selected based on CD19 expression and then
seeded for 4 days of expansion. At harvest, to
eliminate eventual remaining TCR-positive
cells, the tCD19/shRNA-CD3ζ, and CRISPR-
CD3ζ arms underwent TCR depletion using
magnetic beads.

Selection of the best shRNA candidate for
the generation of a non-gene edited
allogeneic CAR T cell platform
Multiple shRNAs targeting CD3E or CD3ζ were
screened in Jurkat T cell line using lentiviral
vectors (Figure 1). The shRNA-CD3E-2 and
shRNA-CD3ζ-2 were selected based on their
ability to downregulate the respective mRNA
expression and the surface levels of TCR.
These shRNAs were subsequently tested in
primary T cells (Figure 2). The shRNA-CD3ζ
was selected based on the higher inhibition of
TCR function upon in vitro mitogenic
stimulation.

Characterization of T cells expressing
shRNA-CD3ζ
The shRNA-CD3ζ was incorporated in a
retroviral vector encoding a control CAR
(tCD19) and T cells expressing or not the
shRNA-CD3ζ were generated using an 8-day
process. As shown in Figure 3, viability, fold
increase, CD4/CD8 ratio and the memory
phenotype were not affected by the shRNA.

Comparison of targeting CD3ζ using shRNAs
and CRISPR-Cas9
Comparison of T cells generated using shRNA
or CRISPR-Cas9 targeting CD3ζ showed that
T cells generated with the two methods
exhibited identical CD3 and TCR
downregulation. Upon mitogenic stimulus in
vitro, T cells did not upregulate activation
markers and did not produce IFNγ (Figure 4).

In vivo experiments with T cells adoptively
transferred to NSG mice (Figure 5) showed
that shRNA targeting CD3ζ protected animals
from GvHD. Importantly, T cell persistence
was significantly higher compared to T cells
genetically engineered with CRISPR-Cas9
targeting CD3ζ. While the underlying
mechanism of this persistence is under
investigation, the current hypothesis is that
the maintenance of very low TCR expression
by shRNA-CD3ζ bearing T cells drives T cell
persistence without mediating GvHD.

F I G U R E  5 :  T  c e l l s  e x p r e s s i n g  s h R N A  t a r g e t i n g  C D 3 ζ d o  n o t  g e n e r a t e  G v H D  
w h i l e  t h e y  m a i n t a i n  s i g n i f i c a n t l y  h i g h e r  p e r s i s t e n c e  c o m p a r e d  t o  a l l o g e n e i c  T  
c e l l s  g e n e r a t e d  w i t h  C R I S P R - C a s 9  t a r g e t i n g  C D 3 ζ

sh
R
N
A
-C

D
3E

-1

sh
R
N
A
-C

D
3E

-2

sh
R
N
A
-C

D
3E

-3

sh
R
N
A
-N

eg

0.0

0.5

1.0

1.5

CD3E RNA

F
o

ld
 c

h
a
n

g
e
 o

v
e
r

s
h

R
N

A
-N

e
g

sh
R
N
A
-C

D
3

-1

sh
R
N
A
-C

D
3

-2

sh
R
N
A
-C

D
3

-3

sh
R
N
A
-N

eg

0.0

0.5

1.0

1.5

CD3ζ RNA

F
o

ld
 c

h
a
n

g
e
 o

v
e
r

s
h

R
N

A
-N

e
g

TCRα/β

CTR (t
CD

19) 

shRNA C
D

3

shRNA C
D

3
0.0

0.5

1.0

1.5

C
D

3


 m
R

N
A

 f
o

ld
 c

h
a

n
g

e
 o

v
e

r

C
T

R
 (t

C
D

1
9

)

CTR (t
CD

19) 

shRNA C
D

3

shRNA C
D

3
0.0

0.5

1.0

1.5

C
D

3


 m
R

N
A

 f
o

ld
 c

h
a

n
g

e
 o

v
e

r

C
T

R
 (t

C
D

1
9

)

0 50 100 150 200
0.0

0.1

0.2

0.3

0.4

OKT3 (ng/ml)

IF
N
 

(n
g

/m
l)

CTR (tCD19)
shRNA CD3
shRNA CD3

CD3E

CD4 CD8

CTRL-tCD19

shRNA-CD3ζ

CRISPR-CD3ζ

Isotype

0 2 20 100 200

-500

0

500

1000

1500

2000

CD69

OKT3 (ng/ml)M
F

I 
C

D
6
9
 o

f 
th

e

to
ta

l 
v
ia

b
le

 c
e
ll
s CTRL tCD19

shRNA-CD3

CRISPR-CD3

0 2 20 100 200
-2000

0

2000

4000

6000

8000

10000

CD25

OKT3 (ng/ml)

M
F

I 
C

D
2
5
 o

f 
th

e

to
ta

l 
v
ia

b
le

 c
e
ll
s

CTRL tCD19

shRNA-CD3

CRISPR-CD3

C
TR

L tC
D
19

sh
R
N
A
-C

D
3

C
R
IS

P
R
-C

D
3


0

50

100

150

IFNγ release

%
 I
F

N
-γ

 r
e
le

a
s
e
 r

e
la

ti
v
e

to
 C

o
n

tr
o

l 
tC

D
1
9 ****

C
D
4

C
D
8

0

5

10

15

20
60

80

100

120

% TCRα/β protein

%
T

C
R
α

/β
 o

f

 C
D

4
+
/C

D
8

+
 c

e
ll
s

**** ****
CTRL tCD19

shRNA-CD3

CRISPR-CD3

Control 1

(Vehicle)

Control 2

(Mock)
shRNA-CD3ζ

20*106 cells/mouse

CRISPR-CD3ζ

0 5 10 15 20 25 30 35 40 45 50
0

50

100

Time (Days)

P
e

rc
e

n
t 

su
rv

iv
al

shRNA CD3
CRISPR CD3

CTR (tCD19)

CTR (t
CD

19) 

shRNACD
3

0

10

20

30

40

F
o

ld
 in

cr
e

a
se

 (d
a

y
 4

-8
)

Donor 1
Donor 2

Donor 3

Donor 4

Donor 5

CTR (t
CD

19)

shRNA C
D

3
0

1

2

3

4

C
D

4
/C

D
8

 r
a

ti
o

Donor 1

Donor 2

Donor 3
Donor 4

Donor 5

CD4+ CD8+

CTR shRNA

CD3
CTR shRNA

CD3

CD45RA

C
D

6
2

L

CD45RAC
D

6
2

L

Effector

Naïve

Central memory

Effector memory

D
iffe

re
n

tiatio
n

D
onor 1

D
onor 2

D
onor 3

D
onor 4

D
onor 5

0

50

100

%
 o

f 
th

e
 t

o
ta

l v
ia

b
le

 p
o

p
u

la
ti

o
n

D
onor 1

D
onor 2

D
onor 3

D
onor 4

D
onor 5

0

50

100

%
 o

f 
th

e
 t

o
ta

l v
ia

b
le

 p
o

p
u

la
ti

o
n

D
onor 1

D
onor 2

D
onor 3

D
onor 4

D
onor 5

0

50

100

%
 o

f 
th

e
 t

o
ta

l v
ia

b
le

 p
o

p
u

la
ti

o
n

D
onor 1

D
onor 2

D
onor 3

D
onor 4

D
onor 5

0

50

100

%
 o

f 
th

e
 t

o
ta

l v
ia

b
le

 p
o

p
u

la
ti

o
n

CTR (t
CD

19) 

shRNACD
3

0
20
40
60
80

95

100

105

V
ia

b
ili

ty
 (%

)

F I G U R E  4 :  C o m p a r i s o n  o f  t a r g e t i n g  C D 3 ζ w i t h  s h R N A  v e r s u s  C R I S P R - C a s 9  i n  
p r i m a r y  T  c e l l s   

5’LTR 3’LTRy tCD19

Day 0 Day 2 Day 4 Day 8

Activation

Transduction

CD19 purification TCR depletion
& harvest

Expansion

7 14 21 28 34 54
0

10

20

30

40

Time (Days)

F
re

q
u

e
n

cy
 o

f 
h

u
m

a
n

 T
 c

e
lls

 (%
)

shRNA CD3ζ CRISPR CD3ζ

**

****
****

****

-1 4 8 13 18 22 27 32 36 41 46 50
16

18

20

22

24

26

28

Days

W
e

ig
h

t 
(g

)
CTR (tCD19)

shRNA CD3
CRISPR CD3ζ

< 50% of

animals alive


