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Genetic modification and ex vivo expansion of human natural killer cells were investigated
in order to overcome cellular resistance of leukemia, with special interests in the following
subjects: 1) feasibility and applicability of the method using the peripheral blood (PB)
obtained from patients who suffer from relapse after cord blood transplantation (CBT), 2)
improvement of the signal transduction of the anti-CD19 chimeric antigen receptors, 3)
improvement of NK cell persistence after in vivo infusion. In this study, ex vivo expansion
and genetic modification of donor-derived NK cells from the patients’ PB was shown to be
feasible in CBT recipients. The donor-derived NK cells from the patients’ PB were able to
expand ex vivo, were susceptible to retroviral gene transduction and exerted powerful
cytotoxicity against CD19* leukemia cells via anti-CD19-chimeric receptors.
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Figure 1. Efficient expansion of donor-derived NK cells from the patient’s blood after CBT.
Peripheral blood mononuclea cells, obtained from CBT patients who had achieved
engraftment, were stimulated with K562-mb15-41BEBL celisby direct coculture. Vigorous NK
cell expansion wasobserved inall but 1 patients, whorecewed Myelotarg for post-
transplant relapse just before sample collection (CBT #6).
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Figure 2. Exponential proliferation of donor-derived NK cells from CBT patients during
3 weeks. Peripheral blood mononuclear celis from CBT patients were stimulated by
coculturewith K562-mb15-41BBL . The cellswere culftured for additional 2 weeks inthe
presenceof 1000 U/mLinterleukin-2 (1L-2). Median fold-sxpansion after 3week &xvive
culture of donor-derived NK cells isshown

day 0 day 7 day 14 day 21

CD2dep do d7 d14 d21
ceTaL Ves 16.0 778 54.1 99.2
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caT#s No 209 822 97.9 nd
CBT#: Ho 23 240 97.7 99.1
caT#s No 65 913 99.1 nd
caTse Yes 104 726 nd 99.6
median 57 831 573 9.2

Figure 3. Selective expansion of NK cells after 3 week exvivo culture. Peripheralblood
monenuclear cell from CBT patients werestimulated as mertioned. Ina portion of
patients, cellswere subjected o CD3 depletion by ant-CD3 antibody-costed magnet
beadsafter 7 days of cocuturewith K562-mb15-4188L (see 3 table inthis figure) . The

purity of NK cells is also shownin the lower dot plotand atable.
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Figure 4. Induction of multiple activating receptor expression by exvi
expansion in donar-derived NK cells after CBT. After atleas 14 days of expansion, more
than 99% of the cells hada phenotype of CO CBT #8). Expression profiles of
activating receptors andcytotoxic molecules inexvivo-sxpanded NK ce s are shown
Expression of NKG2D, NCRp30 and NCRp44 was highly upreguiaed after stimulation.
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Figure 5. Killer immunoglobulin-like receptor (KIR) expression profiles before and after
expansion are basically unchanged. Exvivo activated NK cellsweregrowninthe
presenceof exogenous IL-2 (1000 U/mL]. After at least 12 days of expansion, morethan
99% ofthe celishad aphenotype of CD3-CD56+. Expression profilesof KIR were bascaly
unchanged, indicating
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Figure 6. 4-hour cytotoxicity assay against K562 cell line. Exvivo expanded
donor-derived MK cells were propagated in the presence of IL-2 (1000U/mL).
Cytotoxicity against NK-senstive mye loid leukemia cellline K562 {original) in 4-
hour was measured at an effector :target ratio of 1 :1.
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Figure 9. Activation and cytotoxicity induced by expression of anti-CD19-BB-28-]
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Figure 10. Artificial anti ing cell (aAPC) for ex vi ion of CAR-
grafted T cells: synergistic effect of CD80-CD28 signaling with CAR anti-CD18-88-L
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Figure 11. Addition of CD80-CD28 signaling to anti-CD19-BB-L signals can propagate
D4+ T cells more efficiently.
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