KNOCKOUT OF CD96 OR TIGIT USING CRISPR/CAS9 ENHANCES NK CELL-INDUCED CYTOTOXICITY
AND CYTOKINE PRODUCTION IN THE PRESENCE OF CD155-EXPRESSING MYELOMA CELLS
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INTRODUCTION

RESULTS

Natural Killer (NK) cells are cytotoxic lymphocytes with an innate ability to recognize and
destroy malignantly transformed cells. Using an array of activating and inhibitory receptors,
target cells are screened by NK cells and a net stimulus determines whether the cell is released
or destroyed. NK cells from persons with multiple myeloma (MM) are frequently dysfunctional,
and activation of NK cells contributes to the efficacy of many existing MM therapies.

CD96KO

CD96 (TACTILE) is a receptor expressed by NK cells, which
ligand binding studies have shown competes with the
co-activating receptor DNAM-1 (CD226) and inhibitory
receptor TIGIT for the shared ligand CD155 (Fig. 1)(1).

To evaluate the role of NK cell receptor CD96 in regulating human NK cell cytotoxicity and
cytokine production in response to CD155-positive MM.
To compare the role of CD96 in human NK cell cytotoxicity and cytokine release responses to
MM with TIGIT (an established inhibitory receptor which shares the CD155 ligand).
To investigate the in vivo significance of CD96 on NK cells, by comparing CD96 expression
between NK cells from patients with MM with that of healthy donors.

METHOD(S)
NK cells were isolated from peripheral blood of consenting healthy donors, and expanded using
the Miltenyi NK cell expansion protocol (Miltenyi) in the presence of IL-2. Gene knockout (KO)
of CD96 or TIGIT in primary expanded NK cells was achieved using the CRISPR Gene KO Kit V2
(Synthego). Briefly, NK cells were mixed with a gRNA-tracrRNA CRISPR RNP complex and Cas9
enzyme (5:1 molar ratio) targeting CD96 or TIGIT, and transfected using the MaxCyte GT
transfection system (MaxCyte).

CD96KO and TIGITKO results in enhanced secretion of TNF-α and IFN-γ when co-cultured
with CD155-expressing JJN3 and U266
While TIGITKO did not enhance secretion of TNF-α compared to mock-electroporated NK
cells, CD96KO resulted in a strong increase in TNF-α secretion when co-cultured with U266.
No observable change was observed with JJN3 (Fig. 3A). TIGITKO NK cells secreted
significantly more IFN-γ than mock-electroporated NK cells when co-cultured with JJN3,
while CD96KO NK cells secreted more IFN-γ when co-cultured with both JJN3 and U266,
compared to mock-electroporated NK cells (Fig. 3B).
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The potential of adoptive NK cell therapy is attracting attention, especially with recent
advancements in cellular therapies. With CD96 expression known to increase on expanded NK
cells, there is the potential for CD96 to strongly influence NK cell activation and cytotoxicity.
Our study identifies CD96 as a novel checkpoint in regulating NK cell cytotoxicity and cytokine
responses, of importance for future NK cell-based therapies.
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Fig. 3 CD96KO enhances secretion of (A) TNF-α and (B) IFN-γ when co-cultured with CD155pos MM cells

CD96 expression is elevated on NK cells from bone marrow aspirates of MM patients
compared to healthy donor-derived NK cells
NK cells (CD56+/CD3-) from MM patient bone
marrow aspirates had statistically significantly
higher expression of CD96 compared to NK
cells from healthy-donor peripheral blood, as
determined by flow cytometry (Fig. 4).
Fig.1 Schematic of primary NK cell isolation, expansion, genetic modification and subsequent cytotoxicity and
cytokine release assay.

Our data robustly implicates CD96 as an inhibitory receptor in expanded primary human NK
cells, with CD96KO resulting in potentiated NK cell cytotoxicity as well as cytokine release upon
exposure to CD155-positive MM cells. We further validated our findings by conducting a
parallel set of experiments using TIGITKO NK cells. TIGIT is a well documented inhibitory NK cell
surface receptor which also binds to CD155. Our observation that the greatest increase in NK
cell cytotoxicity occurred for the cell line with highest CD155 expression suggests that MM
patients with high CD155 expression may benefit most from future therapeutic approaches
which interrupt NK cell CD96 signaling.

Fig. 2 CD96KO (A) and TIGITKO (B) enhances NK cell cytotoxicity JJN3 and U266 MM cells.

1000

CD96KO, TIGITKO or mock-transfected NK cells were co-cultured with CD155-expressing MM cell
lines U266 and JJN3 (CD155low and CD155high, respectively). MM cell death was detected using
propidium iodide staining by flow cytometry, while release of TNF-α and IFN-γ was measured
by ELISA on the collected supernatant. Bone marrow aspirates, provided by consenting patients
to the Blood Cancer Network Ireland biobank, were stained to examine the expression of CD96
on NK cells, CD4+ T cells and CD8+ T cells.

Conflicting data has previously suggested that, in human NK cells, CD96 can act as both an
activating and inhibitory receptor. In our study we set out to determine the role of CD96 in
human NK cell responses to Multiple Myeloma.

Therefore, the role of CD96 in facilitating immune-evasion of NK cells by MM cells cannot be
discounted, particularly when the expression of CD96 on NK isolated from the MM tumour
microenvironment is elevated compared to NK cells from the peripheral blood of healthy
donors.
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Expanded CD96KO primary NK cells showed enhanced cytotoxicity against JJN3 and U266
MM cell lines at all E:T ratios. Notably, the strongest enhancements noted were against JJN3,
with high CD155 ligand expression in comparison to U266 (Fig. 2A). As a comparison, TIGITKO
primary NK cells also had expected enhanced cytotoxicity against JJN3 and U266, although
not to the same extent as CD96. We hypothesise that this may be due to the comparatively
low expression of TIGIT compared to CD96 we observed on human expanded NK cells.
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and
results in enhanced NK cell-mediated cytotoxicity against CD155expressing MM cell lines

Adapted from Dougall et al. 2017,
Immunological Reviews
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Blocking CD96 using a monoclonal antibody can
reduce metastasis of solid tumours in mouse models (2).
However, in human NK cells conflicting data has shown
CD96 to be both an activating and inhibitory receptor (2, 3).

CONCLUSIONS

Fig. 4 CD96 expression is elevated on MM tumour microenvironment NK cells compared to healthy controls
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