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Background

FIGURE 1: NKG2D CAR T cells show reduced expansion
and a CD8+ predominance compared to control T cells
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FIGURE 4: Treatment of NKG2D CAR T cells with PI3Ki
Enhances cytokine secretion and central memory phenotype
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The inclusion of a NKG2D blocking Ab (CD314
clone: 2D11) led to a fold expansion similar to the
tCD19 control T cells (Figure 5A). Fratricide by
NKG2D CAR against autologous control tCD19
cells could be completely inhibited by addition of
increasing concentrations of the blocking Ab to
the NKG2D CAR/tCD19 cocultures (Figure 5B).
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We therefore adapted the process by delaying
addition of the Ab by two days (from day 4 to day
6). By adapting the process, the CD4/CD8 ratio
was similar to the PI3Ki process (Figure 6A)
without affecting the fold expansion (Figure 6B).
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During the manufacturing process of NKG2D CAR
T cells, a clear reduction in the yield/fold
expansion was observed (Figure 1B). Furthermore
the NKG2D CAR were predominantly CD8+ when
compared to tCD19 control T cell populations
(Figure1C).

However, addition of the blocking Ab led to a
slightly delayed kinetics of in vitro killing of PANC1 cancer cells in comparison to NKG2D CAR T
cells produced with the PI3Ki (Figure 5C).

Figure 5: A blocking Ab against NKG2D inhibits NKG2D
mediated fratricide but impacts cytolytic kinetics
Fold expansion (day 4-8)

NKG2D CAR T cells exhibit target driven
fratricide

Engagement of the NKG2D receptor with NKG2D
ligands expressed on T cells could potentially lead
to fratricide. To assess whether autologous killing
was occurring, GFP transduced cells were
cultured alone or with autologous NKG2D CAR T
cells (Figure 2A). Coculturing of GFP transduced T
cells with autologous NKG2D CAR T cells for 24h
led to killing of the GFP positive cells in
comparison to baseline (0h). To assess whether
NKG2D ligands were upregulated during PBMC
activation and expansion, PBMCs from three
healthy donors were activated and expanded and
the expression of ligands was analyzed on the cell
surface along the culture (Figure 2B).

During the dose escalation phase of our THINK
trial (clinicaltrials.gov; NCT03018405), the cell
yield from the PI3Ki approach became limiting.
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FIGURE 2: The transient expression of NKG2D ligands
may drive fratricide during in vitro NKG2D CAR T
culture
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FIGURE 3: NKG2D CAR T cells manufactured with PI3Ki
exhibit increased viability after cryopreservation, but
affecting the final cell yield

B

A

100

5

s

20
15
10
5
0

1 Spear P, et al. Cancer Immun. 2013.
2 Sentman CL, Meehan KR. Cancer J. 2014
3 Fujita H, et al. J Histochel Cytochem. 2015.
4 Agaugué S, et al. Submitted
5 Molinero L, et al. JLB. 2002

PI3Ki

da
y
8

ed

25

REFERENCES:

CONCLUSIONS

A
b

d4
A
da
pt

A
b

i
PI
3K

C
D
19

C

C
on
tr
ol
t

Addition of LY294002 (a pan PI3K inhibitor, PI3Ki)
for the duration of the process, resulted in a
decrease in cell surface expression of NKG2D on
NKG2D CAR T cells (Figure 3A). Furthermore, a
distinct increase in cell viability was observed
when stored at 4°C for 48h and after
cryopreservation (Figure 3B, 3C respectively).
Although stability of NKG2D CAR T cells was
increased after cryopreservation and had an
improved shelf-life, no difference was observed in
overall fold expansion (Figure 3D).

NKG2D CAR T cells or control tCD19 T cells were
manufactured by activating PBMCs with antiCD3 Ab and transduced with NKG2D or a
truncated CD19 vector. PI3Ki was added at day2
following activation. The blocking Ab was added
as mentioned in the results (day4 or day6 at
5μg/mL) Expanded cells were used as described
in the results.
Cytolytic assays or cytokine secretion assays
were conducted at ratios of 1:1 effector: target.
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FIGURE 6: Adapting the NKG2D CAR process of Ab addition,
leads to recuperation of the cytolytic kinetics while
maintaining a cell yield comparable to control tCD19 cells
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Use of the PI3K inhibitor LY294002 to blunt
fratricide

When comparing the adapted Ab process with the
PI3Ki process, we could confirm the same in vitro
potency in terms of IFN-γ secretion (against K562
cancer cells) and cytolytic activity (Figure 6C and
6D respectively).

Materials and methods
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Upon ligand engagement, NKG2D and the
associated DAP10 protein initiate signal
transduction through the PI3K pathway in a
manner similar to that of CD28. Therefore,
inhibition of PI3K signaling during manufacturing
could abrogate NKG2D CAR T cell mediated
fratricide.

Interestingly, NKG2D CAR T cells produced with
the PI3K inhibitor secreted higher quantities of
IFN-γ in a LY294002 dose-dependent manner
(Figure 4A) and appeared to have a more central
memory phenotype (Figure 4B).
Driving increased in vitro cell expansion through
the addition of a NKG2D blocking Ab
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Chimeric Antigen Receptor (CAR) T cells
expressing the fusion of the NKG2D protein with
CD3ζ (NKG2D CAR T cells, Figure 1A) acquire a
specificity for eight ligands, MHC class I chainrelated A and B (MICA and MICB) and the UL16
Binding Protein 1-6 (ULBP1-6). These stressinduced ligands are expressed by both cancer
cells and the tumor microenvironment, while they
are absent from most normal tissues, rendering
them an interesting target for cancer therapy1-4.
However, these stress ligands are also transiently
expressed by activated T cells, implying that
NKG2D CAR T cells may undergo self-killing
(fratricide) during production3. Since NKG2D
potentially targets eight individual ligands,
genetic editing to avoid T cell fratricide is
currently challenging. Therefore, alternative
strategies are required to enable the reproducible
production of large doses of NKG2D CAR T cells.
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The results shown here indicate that
target-driven fratricide can be overcome
using clinically relevant strategies. These
approaches
support
our
clinical
development of NKG2D CAR T cells most
notably in the THINK clinical trial
(NCT03018405) enabling the successful
delivery of NKG2D CAR T cells at all
required cell doses.

