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Tackling fratricide to manufacture clinical grade NKG2D-CAR T cells for cancer therapy
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A CAR consisting of a fusion of the NKG2D protein with CD3zeta (CYAD-01)
endows T cells with specificity for the NKG2D ligands providing the potential
to target a broad range of tumors (Figure 1). However, T cells transiently
express these target ligands during activation. Consequently, CYAD-01 T
cells may target each other (fratricide) during manufacturing thereby
significantly reducing the number of cells that can be produced. In this work,
we optimized the manufacturing conditions to reduce fratricide enabling the
large scale production of CYAD-01 cells for clinical application.

RESULTS

CYAD-01 T cells undergo fratricide that inhibits expansion of the
engineered T cell population.

During manufacture, the fold expansion of CYAD-01 cells was consistently
reduced as compared to control T cells (Figure 2A) and a relative enrichment
of the CD8* compartment was observed (Figure 2B). Interestingly, when T
cells from a donor were transduced with an eGFP expression vector and
mixed with CYAD-01 T cells generated from the same donor (Figure 3A), a
specific loss of eGFP-expressing T cells was observed 24 hours later. This
demonstrated targeted killing of autologous T cells by CYAD-01 T cells.

NKG2D ligands are upregulated upon T cell activation during the CYAD-01
production process (Figure 3B — data derived from healthy donors without
transduction, to analyze the cell surface protein expression of NKG2D
ligands). Together, this suggests that the transient expression of NKG2D
ligands by activated T cells induces fratricide through the NKG2D-based CAR.

PI3K inhibition to reduce fratricide

Upon ligand binding, the NKG2D CAR associates with the DAP10 protein
initiating a co-stimulatory signal similar to that of CD28. Therefore, we
postulated that inhibition of PI3K signaling could abrogate CYAD-01 T cell
mediated fratricide.

The addition of LY294002, a pan PI3K inhibitor, resulted in a dose-dependent
reduction of NKG2D cell surface expression on CYAD-01 cells (Figure 4A).
This reduction was reversible within 48h (data not shown). Similarly, CYAD-01
cells manufactured with the PI3K inhibitor showed an increased cell viability
both after cryopreservation (zero and six hours post thawing-Figure 4B) and
upon storage at 4°C for 48 hours (Figure 4C).

However, there was no discernable increase in cell yield when using the
inhibitor, suggesting incomplete impairment of fratricide and/or an opposing
effect on cell proliferation (Figure 4D).

Notably, PI3K inhibition during production resulted in a dose dependent
increase in IFN-y secretion (Figure 5A) and in the modulation of the
CD62L/CD45RA phenotype (Figure 5B) in the resultant CYAD-01 T cells.
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FIGURE 1: CYAD-01
CAR T construct

FIGURE 2: CYAD-01 cells display reduced expansion and low CD4/CD8
ratio compared to Mock.
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FIGURE 3: CYAD-01 cells undergo fratricide during manufacturing, potentially due to the
surface expression of MICA/B, ULBP2-5-6 and ULBP4.
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FIGURE 4: PI3K inhibition downregulates NKG2D expression, thus increasing viability of CYAD-01 cells
mainly after cryopreservation and upon maintenance at 4°C, but fails to produce high number of cells.
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FIGURE 5: PI3K-inhibition boosts cytokine production and modifies the T cell memory
phenotype.
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FIGURE 6: Antibody-mediated blocking of NKG2D prevents CYAD=-01 fratricide resulting in an
increased yield of CYAD-01 cells.
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FIGURE 7: Optimization of the process for equivalent cytolytic activity of PI3K inhibition and blocking
antibody in CYAD-01 cell manufacturing.
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Antibody-mediated blockade of the NKG2D CAR enhances the
yield of CYAD-01 T cells

Introducing in culture an antibody that specifically blocked NKG2D binding to
target ligands (clone 1D11) resulted in an equivalent cell yield to that of
control T cells (Figure 6A). Dose-titration indicated that antibody
concentrations below 2.5ug/mL reduced levels of protection of T cells from
CYAD-01 T cell killing (Figure 6B). However, the kinetics of in vitro
cytotoxicity against PANC-1 target cells by antibody-blocked CYAD-01 cells
were slower that that of PI3K inhibitor CYAD-01 T cells (Figure 6C).

A difference between the CYAD-01 cells produced with the two distinct
processes was observed at the CD4/CDS8 ratio, where a predominant CD8
population was observed when the PI3K inhibitor was added. Interestingly,
blocking of NKG2D-CAR using the antibody rescued the CD4+ population of
CYAD-01 T cells (Figure 7A).

We hypothesized that the lower CD4/CD8 ratio could account for the
differential cytolytic activity. To address this, we delayed the addition of
blocking antibody by two days. This led to the production of CYAD-01 cells
exhibiting similar CD4/CD8 ratio (Figure 7A), cytokine secretion (Figure 7B)
and cytolytic activity (Figure 7C) to the cells produced with the PI3K inhibitor.
To achieve cell yield allowing the generation of the highest THINK dose (3
injections of 3 billion cells), the expansion phase was prolonged by 2 days,
resulting to a 10-days production process (Figure 7D).

CONCLUSION

The multi-target specificity of the NKG2D-based CAR (CYAD-01)
provides a very strong potential to treat a broad range of cancer
indications. However, the transient expression of NKG2D ligands during
activation leads to T cell fratricide during manufacturing and reduced cell
yield. This impacts the clinical application of CYAD-01 therapy.

Inclusion of a PI3K inhibitor provides partial protection against the effects
of fratricide. The subsequent combination with a NKG2D blocking
antibody overcomes the cell yield issue which producing highly potent
CYAD-01 cells.

This process has now been implemented into our on-going clinical trials
testing the potency of CYAD-01 T cells against hematological and solid
tumors in the THINK study (NCT03018405).




