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and improves CAR T cell persistence in vivo
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I n t r o d u c t i o n

T  c e l l a c t i v a t i o n  i n d u c e s
s p e c i f i c N K G 2 D  L i g a n d  
e x p r e s s i o n

NKG2D is an activating receptor most
commonly expressed on NK cells and on
subsets of T cells. NKG2D is known to
engage 8 different stress-induced ligands
(NKG2DL) broadly present on tumors but
largely absent on healthy tissues.

T cells bearing a Chimeric Antigen
Receptor (CAR) consisting of the full
human NKG2D receptor fused to the
intracellular domain of CD3 (FIGURE 1A)
and specifically recognize and kill cancer
cells.

However, while working through the dose
levels of the THINK clinical trial
(NCT03018045), it has become clear that
the ability to manufacture large numbers
of CYAD-01 T cells was challenging
(FIGURE 1). The underlying reason appears
to be self-killing (fratricide, see poster
P626) mediated by the transient
expression of NKG2DL on activated T
cells. A blocking monoclonal antibody that
selectively binds NKG2D reduced fratricide
to negligible levels with a concomitant
improvement in cell yields.

C o - e x p r e s s i o n  o f  M I C A / B  
t a r g e t i n g s h R N A r e d u c e s
f r a t r i c i d e  i n  v i t r o a n d  i n  v i v o

F I G U R E S  &  T A B L E S

C O N C L U S I O N S

Whilst the effect of shRNA targeting
MICA/B on NKG2D CAR T cells in
vitro was significant, the in vivo
effects appear to be of a lesser
magnitude.

We continue to examine the role of
target ligand expression on CAR T
cells. However, in this work, a single
vector encoding the NKG2D CAR
with a single shRNA targeting both
MICA and MICB generates CAR T
cells with increased resistance to
NKG2D-driven fratricide.
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5’LTR 3’LTRpack.  tCD19 shRNA

As a first step, we aimed to identify the key
NKG2DL expressed on T cells upon
activation. PBMCs were activated at day 0
with and anti-CD3 antibody. The
expression of the eight NKG2DL was
assessed every other day on the surface of
CD4+ and CD8+ T cells (FIGURE 2). Upon
activation, MICA/B and MICB were
upregulated on the cell surface of CD4 and
CD8 T cells, with expression peaking at day
2-4 after activation. Subsequently,
expression declined until day 10. ULBP1
and ULBP2 were expressed at low levels,
whereas ULBP2 was restricted to CD4+ T
cells (FIGURE 2). There was little evidence
of expression of the other ligands on T
cells.

Parallel studies identified MICA and MICB
as the major stimulators of the NKG2D
CAR (see poster P232), leading us to pose
that MICA and MICB were the main
NKG2DL responsible for fratricide of T
cells.

We then explored specific targeting of
both MICA and MICB with a single shRNA.
Primary T cells were transduced with the
different shRNAs and MICA and MICB
protein expression was assessed. This
screen identified two shRNAs to reduce
cell surface expression of MICA and MICB
(shRNA #2 and #4 in FIGURE 3).

F I G U R E  2 :  N K G 2 D L  e x p r e s s i o n  o n  a c t i v a t e d T  c e l l s

Next, we engineered a single retroviral
vector encoding the NKG2D CAR and co-
expressing the candidate shRNA (FIGURE
4). We assessed the levels of fratricide in T
cells engineered with NKG2D based CAR
or T cells co-expressing a shRNA, by
means of cell expansion (FIGURE 5).
Engineering of a single retroviral vector
encoding the NKG2D CAR and shRNA
generated T cells that had much reduced in
vitro fratricide (FIGURE 5), compared to
cells without the shRNA and enhanced the
rate of expansion of NKG2D CAR T cells
approaching that of control T cells.

We then hypothesized that expression of
NKG2DL on the CAR-T cells contributed to
their reduced engraftment in vivo in NSG
mice (FIGURE 6). NKG2D CAR T cells
showed a persistence of 24 days. Co-
expression of MICA/B targeting shRNA #2
improved engraftment until day 41.
Notably, co-expression of shRNA #4
increased persistency of CAR-T cells in the
peripheral blood by at least a factor of 2
until the end of the experiments in all
animals.

C o - e x p r e s s i o n  o f  s h R N A  
i m p r o v e s  t u m o r  c e l l  k i l l i n g

Subsequently, we assessed the in vitro
anti-tumor efficacy of NKG2D based CAR
T cells with and without MICA/B-targeting
shRNAs. Cells lacking the shRNA showed
specific killing of AML HL-60 cells at the
different effector to target (E:T) ratios.
However, co-expression of MICA/B shRNA
#2 or #4 improved killing of cancer cells,
especially at lower E:T ratios (FIGURE 7A).
Improved target cell killing was likely due
to decreased fratricide as shRNA
expression improved T cell recovery 24h
after co-culture (Figure 7B).
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