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Abstract

Posttransplant treatment strategies are narrowed by the vulnerability of bone marrow. Building on immune cells with
antitumor activity is a growing field in cancer therapy. Thus, transfer of expanded and preactivated immune cells is a
promising intensification of treatment in high-risk tumor patients. We tested ex vivo expanded NK-, y8T-, and CIK cells that
were generated by coincubation with irradiated K562-mb15-41BBL and 112 and compared the expansion conditions of
PBMC:s versus CD3-depleted PBMCs as well as static versus semi-automated expansion. The median fold expansion was
significantly higher using PBMCs and static expansion conditions. Expanded cells were preactivated with a
CD56™€"CD69"E" immunophenotype exerting excellent direct cellular cytotoxicity as well as ADCC in various tumor
entities. We established a large-scale clinical-grade ex vivo expansion and activation protocol of NK-, y8T-, and CIK cells
from donor-derived PBMCs of patients after haploidentical HSCT. In a patient with AML, NK/y8T/CIK cell transfer was
associated with MRD response. A significant increase of direct antitumor activity and ADCC post cell transfer was
documented. The results that we report here provide the rationale for clinical testing of expanded, preactivated NK/ydT/CIK
cells for cancer therapy.

Introduction

Natural killer (NK) cells and ydT cells are capable to
identify and kill cancerous cells in the absence of prior
stimulation and thus should be used for cell-based therapies
targeting human malignancies [1, 2]. By cytokine stimula-
tion afiT cells can be driven into MHC non-restricted NK-
like function, here referred to as cytokine induced Kkiller
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(CIK) cells with a CD56™"€" phenotype [3]. The impact of
NK- [4] and CIK- [3] antitumor activity on event-free and
overall survival in the context of hematopoietic stem cell
transplantation (HSCT) has been demonstrated by several
groups in acute myeloid leukemia (AML) and acute lym-
phoblastic leukemia (ALL). Based on the analysis of killer
cell immunoglobin-like receptors (KIR genes) in HSCT,
leukemia patients with favorable KIR activity in graft-
versus-host direction showed an improved survival [1, 5].
One decade ago it was proven feasible and beneficial to
infuse allogeneic NK cells for antitumor treatment, to
induce clinical remission in patients with high-risk AML
[6]. NK cell transfer has also been proposed in other cancers
to improve the treatment [7]. NK cells represent only about
5-10% of peripheral blood mononuclear cells (PBMCs),
hence ex vivo expansion and preactivation of NK/ydT/CIK
cells is a prerequisite for clinical application and increased
antitumor efficacy [8]. Therapies based on these effector
cells will greatly benefit from reliable methods to produce
large numbers from available donors on a regular basis to
overcome the lack of sustained proliferation and durable
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engraftment of cells with NK-like properties [8, 9]. Haplo-
HSCT could be of advantage for donor recruitment in a
time- and cost-saving manner. Moreover, manufacturing
should be simplified to facilitate standard production,
independent of the manufacturer and especially to save
handcraft. Several automated systems have been used to
produce clinical-grade NK cell products [10, 11]. One
problem in haplo-HSCT is to strictly circumvent the
induction of GvHD by profound T-cell depletion [8, 10], as
patients face several major HLA disparities. In order to
augment the antitumor activity of the patient’s reconstitut-
ing immune system and balance the risk for induction of
GvVHD, we generated ex vivo expanded NK-, y8T- and CIK
cells post haploidentical HSCT from the patient’s recon-
stituting donor-derived PBMCs. Further therapeutic anti-
bodies can be used to redirect effector cells to tumor cells.
Post haplo-HSCT ex vivo expanded autologous NK/y8T/
CIK cells of donor origin might add to increase antitumor
activity with reduced risk for the induction of GvHD.

Materials and methods

A pediatric patient at extremely high-risk for cancer recur-
rence, who underwent a T- and B-cell depleted family
mismatched haplo-HSCT with active disease was con-
sidered for posttransplant transfer of autologous patient-
derived ex vivo expanded NK/yST/CIK cells. CIK cells
were defined as TcRap CD56™ €™ T-cells. The treatment
was based on urgent medical need. Treatment was initiated
after informed consent was obtained.

Large-scale clinical-grade expansion of NK/yé T/CIK
cells

Hundred milliliters of peripheral blood from healthy
donors (n=06) and from a haplo-transplanted patient
(n = 1) was drawn and processed following current GMP-
guidelines. After density gradient centrifugation, MNCs
were placed in RPMI1640 complete medium (10% hu-
serum and 100 IU/mL hullL2) at 1x 10® CD567CD3~
cellssmL or underwent pre-expansion CD3-depletion
using CD3-microbeads (Miltenyi) according to manu-
facturer’s instruction. Irradiated (100Gy) K562-
mbl5—41BBL cells were added at a 1:10 ratio,
CD56"CD3~ to K562-mb15-41BBL cells, respectively.
Static expansion: Cells were cultured in T175 cm?® flasks
(Sigma-Aldrich) in a humidified incubator at 37 °C,
5% CO,. Monitoring and feeding included lactate (<12
mmol/L), glucose (>100 mg/dL). Semi-automated cultur-
ing: Dynamic cell culturing in a Z®-RP-bioreactor
(Zellwerk/Germany). Cell harvest on day 14. Product
release testing included sterility- and endotoxin testing.
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Cell count, immunophenotyping, and tracking of
cells

Differential blood count was measured on ADVIA®120-
Siemens. Flow cytometry was used for immunophenotyping
(CD3/CD16/CD56/CD69/TcRafp/TcRyd/NKp46/NKG2D)
and in-vivo-tracking by CD56"€"CD69"E" phenotype.

Cytotoxicity

Cytolytic activity of NK/ydT/CIK cells was analyzed in a
2h-DELFIA-EuTDA cytotoxicity assay (PerkinElmer/USA)
according to the manufacturer’s instructions. LAN-1 (neu-
roblastoma), K562 (AML), MHH-cALL-4 (BCP-ALL),
TC-71 (sarcoma) were used as target cells at indicated E:T
ratio with/without Fc-optimized CD19-mAb-4G7SDIE or
GD2-mAb-ch14.18 at 1 ug/mL. Fluorescence was measured
on a VICTOR-II-multi-label-reader (Wallac/Finland).

Monitoring of bone marrow and MRD detection

MRD was detected by a patient-individual NRAS mutation
and CALM-AF-10 fusion transcript. The detection level
was 10E 02 for the NRAS mutation and 10E'04 for CALM-
AF-10 (nested RT-PCR).

Statistical methods

FCS-Express 5.0 was used for flow cytometric analysis,
GraphPad-PRISM 7.0 for statistics.

Results
Comparison of expansion conditions and methods

Large-scale clinical-grade ex vivo expansion of NK-ydT-
CIK cells using GMP-grade K562-mb15-41BBL and IL2
(100 U/mL) in complete media was tested using PBMCs
from healthy donors (n=6). Unmanipulated PBMCs
compared to CD3-depleted PBMCs revealed significant
higher cell numbers (Fig. 1a) (n =6, p <0.05). Static cul-
turing resulted in higher cell counts than semi-automated
culturing in a Z®-RP-bioreactor (Fig. 1b) (n = 6, p < 0.005).
Pre-expansion CD3-depletion was proven feasible with low
residual T-cell counts in the graft (Fig. 1c). The majority of
expanded NK/yST/CIK cells developed a CD56E phe-
notype, commonly observed under IL2/IL15/41BBL cul-
turing (Fig. lc, d). Additionally, expanded NKs highly
expressed FcyRIIIA, required to mediate ADCC. The per-
centage distribution of CD16 /CD16" in expanded NK
cells was (20%/80%) pre- and post-expansion (Fig. 1d). The
highly preactivated immunophenotype was accompanied by
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Fig. 1 Large-scale clinical-grade ex vivo expansion of NK/ydT/CIK
cells using GMP-grade K562-mb15-41BBL and IL2 (100 U/mL) in
complete RPMI1640 media. a Expansion efficiency of PBMCs com-
pared to CD3-depleted PBMCs (n =6, p<0.05). b Expansion effi-
ciency of static versus dynamic expansion (n =6, p <0.05). ¢ PBMC
versus CD3-depleted PBMC expanded cell product. d Exemplary
distribution of CD56 and CD16 in expanded NK cells, from a NK/

bright NKp46/CD69/NKG2D expression (Fig. le). Static
culturing resulted in higher cytotoxicity of NK/y8T/CIK in
various tumor entities (neuroblastoma/AML/BCP-ALL/
sarcoma) than in dynamic culturing (n =30, p<0.05)

D. 0. 02 Y . R D . R . D, S,
Q', 0.',‘)' 6‘} 0.', Q',‘)‘ 6‘, Q‘, 0.‘,'1 6‘} Q‘, Q‘,‘I 6‘}

w/o mAb +ch14.18 w/o mAb + 4G7SDIE

yOT/CIK cell product. The same CD56/CDI16 distribution was
observed in CD3-depleted expanded products. e Expanded NK cells
express NKp46-, CD69, and NKG2D. f Comparison of cellular
cytotoxicity against various targets LAN-1, K562, MHH-cALL-4, TC-
71 at E:T 20:1 ratio (n = 30, p <0.05, pooled results). g NK/yST/CIK
cells exert direct cytotoxicity and ADCC in neuroblastoma and in
BCP-ALL (n =6, p<0.05 and <0.005, respectively)

(Fig. 1f). Besides excellent direct cytotoxicity NK/ydT/CIK
cells exerted high ADCC in LAN-1 and MHH-cALL-4
utilizing the GD2-mAb-ch14.18 and CD19-mAb-4G7SDIE,
respectively (Fig. 1g).
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Transfer of autologous, donor-derived ex vivo
expanded NK-, y8T-, and CIK cells

A 13-year-old patient with relapsed/refractory NRAS/CALM-
AF-10" AML at high-risk for relapse underwent a T- and B-
cell depleted family haplo-HSCT with active disease. Post-
transplant he received ex vivo expanded NK/y8T/CIK cells
between day +195-673. For this, donor-derived PBMCs of the
patient post haplo-HSCT were used. High absolute number of
NKAST/CIK cells 3.6E10 was transferred, including 3.5E10
NK and 2.3E09 ofiT cells. The highest number of offT cells/
kgBW was 58.4E06, that of y3T cells was 117E06.

The transfer of NK/ydT/CIK cells was well-tolerated
with no induction of GvHD. No grade II-V adverse events
occurred (CTCAE-v5.0). Only transient coughing and
increase of temperature >38 °C for 48 h was observed.

Tracking of transferred preactivated NK cells and
functional testing

The graft of ex vivo expanded NK/ydT/CIK cells from
untouched PBMC:s resulted in high NK cells numbers with
a mainly CD356"€" phenotype. NK and y8T cells outgrow
offT cells T cells (Fig. 2a).

Flow cytometry allows tracking of preactivated NK cells
in the peripheral blood post transfer, by the
CD56™EMCDE9"E" phenotype. Peripheral blood was drawn
prior to NK/y8T/CIK cell transfer and one hour after infu-
sion. Clearly, after infusion of the effector cells, a distinct
new CD56”#MCDE9MEN population can be identified and
quantified (Fig. 2b). Besides in-vivo-tracking of the trans-
ferred NK cells in the peripheral blood, PBMC activity post
NK/8T/CIK cell transfer revealed a significant higher
cytotoxicity (Fig. 2c).

Prior to and post NK/y8T/CIK cell transfer, CD56"CD3~
NK cell count and percentage was measured in the periph-
eral blood as well as the fraction of CD56*€"CD69"e" We
assumed highly activated NK cells being derived from the
transferred NK/y8T/CIK cell graft. CD56°€CD69"e" cells
peaked after infusion and could be tracked for two weeks
(Fig. 2d).

MRD reduction in AML by NK-, y8T-, and CIK cells

Posttransplant, NRAS mutation was not detectable.
However, CALM-AF-10 fusion transcript was persistent
positive at 10E-04 in the bone marrow. After two appli-
cations of the NK/y8T/CIK cells on day 4195 and day
+258, CALM-AF-10 was undetectable. Due to recurring
MRD, the patient received another NK/y8T/CIK cell
infusion (day +673) plus additional immunotherapy. Five
years posttransplant, the patient is in ongoing complete
MRD remission (Fig. 2e).
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Discussion

Posttransplant generation and transfer of ex vivo expan-
ded NK/ydT/CIK cells from autologous, donor-derived
PBMCs is very simple. According to our experience,
transfer of high cell counts (>1E10, (>500E06/kgBW) NK
and (>1E09, >50E06/kgBW)) affT cells post haplo-HSCT
is feasible without acute and long-term toxicities includ-
ing GvHD. Our expansion protocol induced sustained and
specific proliferation of effector cells from 12 healthy
donors and our reported patient [12]. T-cell depleted,
expanded NK-cell products have been demonstrated the
safe and are not associated with severe adverse events and
do not induce GvHD [8]. However, we expect com-
plementary effector function and interaction of NK-, y8T-,
and CIK cells and besides NK cells, y8T cells exert
ADCC, contributing to targeted therapies with Fc-
recruiting mAbs [13]. The generation of donor-derived
CIK cells using IL15/IFNy, holds the risk to induce
GvHD in the haplo-setting [3]. Whether generation of
posttransplant CIK cells using autologous donor-derived
cells from patients will decrease the risk of GvHD and
might reduce efficacy is unknown. In patients with no
GvHD, expanded T cells originate from tolerant T cells
and thus might not induce GvHD. Moreover, continuous
cytokine stimulation may contribute to loss of T-cell
alloreactivity, due to reprogramming of NK- and T cells
[12]. Expanded NK/ydT/CIK cells demonstrated superior
cytolysis and ADCC compared to CD3-depleted expanded
NK cells. Additionally, primary cellular activity was not
restricted to favorable NK-cell targets, like NKG2DL "igh
neuroblastoma, but also in BCP-ALL by preactivated
expanded NK/y8T/afT cells. In our testing, static cultured
cells were superior in expansion efficiency and in killing
capacity. However, by modification of automated pro-
duction in alternative expansion devices/bioreactors,
generation of superior cell products might be achievable
[10]. Automated systems simplify, standardize and lower
costs by reducing handcraft [10, 11]. In high-risk patients,
transfer of NK/y8T/CIK cells might substantially increase
or trigger antitumor activity to clear minimal residual
tumor cells [3, 14]. The completed NKAML pilot study
(NCT00187096) has demonstrated safety of NK-cell
infusion in AML and might add to immunologic leuke-
mia control [15]. In our AML patient with posttransplant
persistent MRD, we documented a decrease of MRD in
the temporal context of the NK/ydT/CIK cell transfer. The
efficacy of prophylactic NK transfer is hard to verify.
However, prophylactic use [15] or MRD state might be
the most reasonable and promising indication to con-
tribute to control residual tumor cells directly or redir-
ected by therapeutic mAb [3, 14, 16]. It is underscored
that antitumor activity needs to be balanced to the
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Fig. 2 a Density plot of expanded NK/y8T/CIK cells. The majority of
cells show a CD56"" phenotype. CIK cells were defined
TcRapf " CD56E™", CD3*CD56™" population from the left plot was
distinguished into TcRy8" and TcRap™ cells (lower right quadrant) in
the right plot, defined as CIK cells. b Preactivated NK cells were
tracked in the peripheral blood of an AML patient by
CD56™MCDE9"E" phenotype. The left plot shows NK phenotype
prior to NK/y8T/CIK cell transfer, right plot one hour after infusion. ¢
Pre- and post- NK/ydT/CIK cell transfer, PBMCs were isolated from

induction of GvHD [3, 8, 17]. Since the transfer of
posttransplant autologous, donor-derived ex vivo expan-
ded NK/ydT/CIK cells probably does not induce GvHD
but induces antitumor activity, this approach meets both
criteria. As several groups have shown the persistence of
transferred NK- and CIK cells in the blood for >2 weeks
[3, 16], and since we demonstrated increased antitumor
response after NK/ydT/CIK cell transfer, there is a good

0 200 400
Days post haploidentical HSCT

peripheral blood and spontaneous cytotoxicity/ADCC were tested in a
2h-BATDA-release-assay at indicated E:T ratios versus LAN-1. d The
course of CD567CD3" cells in absolute counts/ul, percentage of
lymphocytes and CD56"CD69" fraction. e The schematic course of
leukemic load is shown pre- and post haplo-HSCT. Autologous,
donor-derived ex vivo expanded NK/ydT/CIK cells (source: patient’s
blood) were transferred on day +195 and 4258 and led to complete
MRD remission

rationale for the application of preactivated donor-derived
effector cells from patients after haplo-HSCT.
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