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POLYPEPTIDES, CELLS, AND METHODS INVOLVING ENGINEERED CD16

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Patent Application Serial No.

61/971,996, filed March 28, 2014, which is incorporated herein by reference.

SUMMARY

This disclosure describes, generally, a modified form of CD16, genetically-modified cells
that express the modified CD16, and methods that involve the genetically-modified cells. The
modified form of CD16 can exhibit increased anti-tumor and/or anti-viral activity due, at least in
part, to reduced susceptibility to metalloprotease-mediated shedding upon NK cell stimulation.

In one aspect, therefore, this disclosure describes a cell genetically modified to express a
CD16 polypeptide that has a membrane proximal region and an amino acid modification in the
membrane proximal region.

In another aspect, this disclosure describes a cell that includes a polynucleotide that
encodes a CD16 polypeptide that has membrane proximal region and an amino acid modification
in the membrane proximal region.

In either aspect, the amino acid medication reflects an addition of one or more amino
acids, a deletion of one or more amino acids, or a substitution of one or more amino acids
compared to the wild-type amino acid sequence of the CD16 membrane proximal region. In
some of these embodiments, the substitution of one or more amino acids includes a substitution
of the serine residue at position 197 of SEQ ID NO:1.

In either aspect, the cell can be a Natural Killer (NK) cell, a neutrophil, a monocyte, or a
T cell.

In either aspect, the modified CD16 polypeptide exhibits reduced susceptibility to
ADAM17-mediated shedding compared to a wild-type CD16 polypeptide.

In either aspect, the modified CD16 polypeptide exhibits reduced susceptibility to
cleavage upon NK cell stimulation compared to a wild-type CD1 polypeptide.
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In another aspect, this disclosure describes a method that generally involves
administering to a patient in need of such treatment a therapy that includes (a) administering to
the patient a therapeutic NK effector, and (b) administering to the patient the any embodiment of
the genetically-modified cell summarized above.

In some embodiments, the therapeutic NK effector includes a therapeutic agent. In some
of these embodiments, the therapeutic agent can include an antibody, or a therapeutic antibody
fragment. In some of these embodiments, the antibody, or antibody fragment, specifically binds
to a viral antigen. In other embodiments, the antibody, or antibody fragment, specifically binds to
a tumor antigen.

In some embodiments, the therapeutic agent can include a bi-specific killer engager
(BiKE) or a tri-specific killer cell engager (TriKE).

In yet another aspect, this disclosure describes a method for improving immunotherapy to
a patient, in which the immunotherapy involves administering to the patient a therapeutic NK
effector. Generally the method includes further administering to the patient any embodiment of
the genetically-modified cell summarized above.

The above summary of the present invention is not intended to describe each disclosed
embodiment or every implementation of the present invention. The description that follows more
particularly exemplifies illustrative embodiments. In several places throughout the application,
guidance is provided through lists of examples, which examples can be used in various
combinations. In each instance, the recited list serves only as a representative group and should

not be interpreted as an exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Location of ectodomain cleavage sites in human CD16. (A) Tryptic peptides of
soluble CD16 immunoprecipitated from the cell supernatant of PMA-activated human NK cells
or neutrophils were subjected to mass spectrometry analysis. Four high confidence peptides with
non-tryptic C-termini were identified: 1 peptide from soluble CD16 released by NK cells
(Peptide #1, upper left) and 3 peptides from soluble CD16 released by neutrophils (Peptide #2,
lower left; Peptide #3, upper right; and Peptide #4, lower right). (B) Illustration of Peptides #1-4
(underlined) and putative cleavage sites (arrowheads) in CD16a (SEQ ID NO:1) and CD16b
(SEQ ID NO:2). Amino acid 176 distinguishes CD16a (F) from CD16b (V) in the identified
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peptides. Amino acids 1-16 indicate a predicted signal sequences of CD16a and CD16b. Amino
acids 210-229 indicate the transmembrane region of CD16a. Amino acid numbering begins with
methionine in the signal sequence. The amino acid sequences of CD16a and CD16b are from the
NCBI reference sequences NM_000569.6 and NM_000570.4, respectively.

FIG. 2. Schematic illustration of CD16 ectodomain shedding, the cleavage region, and
the engineered serine-197 to proline mutation. CD16a and CD16b undergo ectodomain shedding
by ADAMI17 within a membrane proximal region, as indicated. The CD16 cleavage region
within the membrane proximal region is based on mass spectrometry analysis that revealed three
distinct cleavage sites in close proximity (arrowheads). Site-directed mutagenesis was performed
to substitute serine-197 in CD16 (amino acids 190-202 of SEQ ID NO:1) with a proline
(CD16/S197P).

FIG. 3. Effects of the engineered S197P mutation on CD16a and CD16b shedding.
Transfected HEK293 (human embryonic kidney) cells separately expressed CD16b and
CD16b/S197P (A) or CD16a and CD16a/S197P (B) at similar levels, as determined by flow
cytometry (left panels). The different transfectants were treated with or without PMA (15 ng/ml
for 30 minutes at 37°C) and soluble levels of CD16 in the media supernatant were quantified by
ELISA (right panels). Each treatment condition was repeated three times for each experiment
and the data are representative of three independent experiments. Bar graphs show mean + SD.
Statistical significance is indicated as ***P<0.001. (C) Transfected HEK293 cells expressed L-
selectin (CD62L) or L-selectin and CD16b/S197P. Surface levels of L-selectin and
CD16b/S197P on transfected and mock-transfected cells were measured using flow cytometry
(histogram plots). Transfectants expressing L-selectin or L-selectin and CD16b/S197P were
incubated in the presence or absence of PMA for 30 minutes at 37°C, and the mean fluorescence
intensity (MFI) of L-selectin staining determined (bar graph). Each treatment condition was
repeated three times for each experiment and the data are representative of two independent
experiments. Bar graphs show mean = SD. Statistical significance is indicated as *P<0.05. For
all histogram plots, the x-axis = Log 10 fluorescence and the y-axis = cell number.

FIG. 4. Effects of the engineered S197P mutation on CD16a shedding in NK cells. NK92
cells transduced with empty vector (vector only), CD16a, or CD16a/S197P were treated without
(Unstim.) or with PMA (100 ng/ml) for 30 minutes at 37°C (A), with IL-12 and IL-18 (100
ng/ml and 400 ng/ml, respectively) for 24 hours at 37°C (B), or with Raji cells and rituximab for
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60 minutes at 37°C (C). Cell surface levels of CD16a were determined by flow cytometry.
Isotype-matched negative control antibody staining is indicated by a dotted line. (D) Parent
NK92 cells and transduced cells expressing CD16a or CD16a/S197P were treated with Raji cells
and rituximab in the presence or absence of the ADAM17 inhibitor BMS566394 (5 uM) for 60
minutes at 37°C. Soluble CD16a levels were determined by ELISA. Each treatment condition
was repeated three times and the data are representative of three independent experiments. Bar
graphs show mean + SD. Statistical significance is indicated as ***P<0.001. (E) NK92 cells
expressing CD16a or CD16a/S197P were stained with the anti-ADAM17 mAbs M220, 623, 633,
or an isotype-matched negative control antibody, as indicated. (F) CD56 CD45" NK cells
derived from mock-transduced iPSCs (left panel) or iPSCs expressing recombinant CD16a or
CD16a/S197P (right panels) were incubated with or without K562 target cells for four hours at
37°C. For all histogram plots, the x-axis = Log 10 fluorescence, the y-axis = cell number, and the
data are representative of at least 3 independent experiments.

FIG. 5. Effects of the engineered S197P mutation on CD16a function. (A) NK92 cells
expressing CD16a or CD16a/S197P at equivalent levels (left panel) were treated with
monomeric human IgG (0-20 pg/ml). As controls, cells were also treated with monomeric human
IgA (20 pg/ml), and NK92 parent cells were treated with IgG (20 pg/ml) (bar). Antibody binding
was determined by flow cytometry, as described in Materials and Methods. The bar graph shows
mean + SD of at least three separate experiments. Statistical significance is indicated as *P<0.05
versus 1gG (0 pg/ml), IgA, or NK92 parent cells + IgG. (B) Mock transduced NK92 cells or
NK92 cells expressing CD16a or CD16a/S197P were incubated in the absence (Unstim.) or
presence of Raji cells treated with or without anti-CD20 rituximab for the indicated time points
at 37°C. NK92 cell activation was assessed by the up-regulation in CD107a staining by flow
cytometry. For the histogram plots, the x-axis = Log 10 fluorescence and the y-axis = cell

number. Data are representative of at least 3 independent experiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
This disclosure describes, generally, a modified form of CD16a, genetically-modified
cells that express the modified CD16a, and methods that involve the genetically-modified cells.

The modified form of CD16a can exhibit increased anti-tumor and/or anti-viral activity due, at
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least in part, to reduced susceptibility to metaaloprotease-mediated shedding upon NK cell
stimulation.

In contrast to many solid cancer types, the survival rate of women with epithelial ovarian
cancer has changed little in the last 30 years. Moreover, current standard therapies for recurrent
ovarian cancer provide a low (<20%) response rate. Despite ubiquitous HER2 overexpression by
ovarian cancer samples, treatment with the anti-HER2 antibody trastuzumab provides only
limited responses in patients with advanced ovarian cancer. This resistance to trastuzumab may
arise from dysfunctional NK cell-mediated antibody-dependent cell cytotoxicity. Thus, there is
an urgent need for innovative therapeutic strategies. We describe a novel approach for providing
therapeutic treatment strategy.

One concern with ovarian cancer is that the milieu in which tumor cells develop can be
highly pro-inflammatory, and thus likely to promote CD16a cleavage on infiltrating NK cells and
consequently diminishing antibody-dependent cell cytotoxicity. Several antibodies have emerged
as effective targeted therapies for treating human malignancies. Their efficacy is due in part to
antibody interactions with FcyRIIla/CD16a on Natural Killer (NK) cells and induction of cancer
cell killing by antibody-dependent cell cytotoxicity. Human IgG Fc receptor CD16 (FcyRIII)
consists of two isoforms: CD16a (FcyRlIlla) and CD16b (FcyRIIIb). CD16a is expressed by
Natural Killer (NK) cells and CD16b is expressed by neutrophils. NK Cell activation results in a
rapid down-regulation in the surface levels of both isoforms of CD16 by a process referred to as
ectodomain shedding—a proteolytic event that involves the metalloprotease ADAM17 and
occurs at a single extracellular region proximal to the plasma membrane (FIG. 1A).

As noted above, ovarian cancer patients may be resistant to NK cell-mediated
immunotherapies—i.e., the tumors are not sensitive to NK cell-mediated therapies. For example,
ovarian cancer cells typically express the epidermal growth factor receptor HER2, yet its
targeting with the therapeutic antibody trastuzumab has provided only a limited clinical
response. This resistance may result, at least in part, from ectodomain shedding—i.e., NK cell
activation by cytokines, target cell interaction, and/or tumor infiltration can result in CD16a
cleavage and impaired antibody-dependent cell cytotoxicity. Thus, blocking the process of
ectodomain shedding has clinical significance.

We have determined the cleavage sites of CD16a and CD16b using mass spectrometry
and cloned the cDNAs of CD16a and CD16b from human blood leukocytes. Each cDNA was
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mutated in a directed manner to induce a single amino acid change. Serine at location 197 was
changed to a proline. (FIG. 1B). This mutation blocks the cleavage of CD16a and CD16b, and
prevents their down-regulation upon cell activation. The expression of cleavage-resistant CD16a
in ex vivo expanded NK cells maintain high surface levels of this IgG Fc receptor, which
enhances NK cell stimulation, the efficacy of therapeutic antibodies, and cancer call killing.
ADAM17 has a number of cell surface substrates, but possesses no consensus sequence
for proteolysis that can be used to predict the site of CD16a cleavage. Therefore, we used LC-
MS-MS to determine the C-terminus cleavage site in soluble CD16 released from activated
human peripheral blood leukocytes. We observed three putative cleavage locations in close
proximity in the membrane proximal region of CD16 (FIG. 2, arrowheads), a region that is
identical between CD16a and CD16b. Although ADAM17 proteolysis does not require a
consensus sequence, the secondary structure of the cleavage region is important. In an attempt to

block CD16a cleavage, we substituted serine-197 with a proline (CD16a""

) to introduce a
conformational change.

We identified the location of CD16 cleavage by immunoprecipitating CD16 from the
media supernatant of activated NK cells and, separately, from the media supernatant of
neutrophils. The immunoprecipitated CD16 was treated with PNGaseF to remove N-glycans,
trypsin digested, and the generated peptides subjected to mass spectrometric analysis. Four
different peptide patterns of high confidence were identified containing non-tryptic C-termini
(FIG. 1A).

For CD16 enriched from the media supernatant of activated NK cells, we observed only
one peptide pattern, which corresponds to amino acids glycine-174 through alanine-195 (Peptide
#1, FIG. 1A) of SEQ ID NO:1. The membrane proximal regions of CD16a and CD16b have
identical amino acid sequences except for residue 176. A phenylalanine at this location is
indicative of CD16a, which was present in Peptide #1 (FIG. 1A and B). This peptide revealed a
non-tryptic P1/P1’ cleavage position at alanine-195/valine-196 (FIG. 1B).

For CD16 enriched from the media supernatant of activated neutrophils, we detected
three different peptide patterns with non-tryptic C-termini (Peptides #2-4, FIG. 1A and 1B).
Peptide #2 corresponds to amino acids glycine-174 through alanine-195 of SEQ ID NO:2,
Peptide #3 corresponds to amino acids glycine-174 through valine-196 of SEQ ID NO:2, and
Peptide #4 corresponds to amino acids asparagine-180 through threonine-198 of SEQ ID NO:2.
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Peptide #2 and Peptide #3 contained a valine at position 176, indicative of CD16b, and revealed
P1/P1’ positions at alanine-195/valine-196 and at valine-196/serine-197 (FIG. 1B). Peptide #4
possessed a P1/P1’ position at threonine-198/isoleucine-199 (FIG. 1B). Though this peptide was
derived from soluble CD16 from enriched neutrophils, it does not contain an amino acid at
position 176 to identify the isoform (FIG. 1B). Regardless, the high confidence peptide revealed
a third cleavage site in CD16. Taken together, these findings demonstrate the presence of a
cleavage region in CD16 rather than a single specific cleavage site.

We further examined the cleavage region in CD16 by using site-directed mutagenesis to
determine whether CD16a and CD16b cleavage could be disrupted in cell-based assays.
ADAM17 tends to prefer an a-helical conformation in the substrate region that interacts with its
catalytic site. Moreover, proteomic studies of ADAM17 cleavage site specificities revealed a
very low preference for proline residues at the P1’, P2’, or P3’ positions. We therefore substituted
serine-197 in the cleavage regions of CD16a and CD16b with a proline (S197P, as indicated in
FIG. 2).

CD16b and CD16b/S197P were separately expressed in the human kidney cell line
HEK?293, which does not express endogenous CD16. The HEK293 transfectants expressed
CD16b or CD16b/S197P at similar levels on their surface (FIG. 3A). High levels of CD16b were
released from the transfected HEK293, which was increased further upon their treatment with
PMA, as determined by ELISA (FIG. 3A). However, soluble levels of CD16b/S197P generated
by untreated or PMA-treated HEK293 cells were markedly lower than those of CD16b (FIG.
3A).

We also examined the effects of the S197P mutation on CD16a cleavage using the same
approach. Surface expression of CD16a requires association with y chain dimmers. We therefore
used HEK?293 cells stably expressing human y chain. Comparing HEK293 transfectants
expressing equivalent surface levels of CD16a or CD16a/S197P (FI1G. 3B), we determined the
soluble levels of each receptor in the media supernatant of untreated and PMA-treated cells.
Again, significantly lower levels of soluble CD16a/S197P were observed when compared to
CD16a (FIG. 3B).

To evaluate whether the engineered S197P mutation in CD16 might disrupt ADAM17
activity, we also transfected HEK293 cells expressing or lacking CD16b/S197P with L-selectin,
a well described ADAM17 substrate normally expressed by leukocytes. Both transfectants



10

15

20

25

30

WO 2015/148926 PCT/US2015/022998

expressed equivalent levels of L-selectin, which was similarly down-regulated following their
activation with PMA (FIG. 3C), demonstrating that the S197P mutation affected CD16 shedding
and not ADAM17 activity.

To assess the effects of the S197P mutation on CD16a shedding in NK cells, we used the
human NK cell line NK92 (Gong et al., 1994, Leukemia 8:652-658). These cells lack expression
of endogenous CD16a, but recombinant CD16a can be stably expressed. We transduced NK92
cells to separately express CD16a and CD16a/S197P. Cells expressing equivalent levels of these
receptors were activated with PMA and cell surface CD16 levels were examined by flow
cytometry. CD16a, but not CD16a/S197P, underwent a marked down-regulation in cell surface
expression (FIG. 4A). IL-12 and IL-18 are physiological stimuli of NK cells that individually or
in combination can induce CD16a shedding. NK92 cells treated with IL-12 and IL-18
demonstrated an appreciable down-regulation in their cell surface expression of CD16a but not
CD16a/S197P (FIG. 4B). Direct engagement of cell bound IgG by CD16a also can induce its
shedding, which we examined here by incubating NK92 cells expressing CD16a or
CD16a/S197P with the CD20-positive Burkitt’s lymphoma cell line Raji in the presence or
absence of the anti-CD20 mAb rituximab. Raji cells treated with rituximab induced the down-
regulation of CD16a, but not CD16a/S197P (FIG. 4C).

BMS566394 is a highly selective ADAM17 inhibitor with a potency orders of magnitude
higher for ADAM17 than for other metalloproteases. BMS566394 blocked CD16a shedding with
similar efficiency as the S197P mutation, but had no additional blocking effect on activated
NK92 cells expressing CD16a/S197P (FIG. 4D). These findings provide further evidence that
ADAM17 is the primary sheddase that cleaves CD16a within its cleavage region. It is possible,
however, that ADAM17 expression levels were not equivalent in the NK92 cells expressing
CD16a or CD16a/S197P, accounting for their dissimilar shedding. We therefore stained NK92
cells expressing CD16a or CD16a/S197P with multiple anti-ADAM17 mAbs and observed
identical cell surface levels (FIG. 4E).

To establish the effect of the S197P mutation on CD16a shedding by primary NK cells,
we used human iPSCs to generate engineered NK cells. We have previously reported on deriving
functional NK cells from iPSCs and their similarity to peripheral blood NK cells (Knorr et al.,
2013 Stem Cells Transl Med. 2:274-283; Ni et al., 2014, Stem Cells 32:1021-1031). CD16a and
CD16a/S197P ¢cDNA were cloned into a Sleeping Beauty transposon plasmid for gene insertion
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and stable expression in iPSC cells, which were subsequently differentiated into mature NK
cells. NK cells derived from mock transduced iPSC cells expressed low levels of endogenous
CD16a, whereas transduced CD16a and CD16a/S197P were expressed at higher levels (FIG.
4F). NK cell activation occurs through various receptors upon their interaction with K562 cells,
including BY55/CD160, resulting in ADAM17 activation and CD16a shedding. We stimulated
the iPSC-derived NK cells with K562 cells and found that CD16a underwent a marked down-
regulation in cell surface expression, whereas the expression of CD16a/S197P remained stable
(FIG. 4F).

Endogenous and recombinant CD16a have sufficient affinity to bind monomeric IgG. To
examine the effects of the S197P mutation on CD16a function, we compared the IgG binding
capacities of CD16a and CD16a/S197P. NK92 cells expressing CD16a or CD16a/S197P at
equivalent levels bound IgG in a similar dose-dependent manner (FIG. 5A). Controls consisted
of IgA binding to NK92 cells expressing CD16a or CD16a/S197P, and IgG binding to NK92
parent cells. Both occurred at essentially background levels (FIG. 5A). These findings
demonstrate specific and equivalent IgG binding by CD16a and CD16a/S197P.

CD16a is a potent activating receptor in NK cells, and we examined whether the
engineered S197P mutation affected the capacity of CD16a to induce cell activation upon
engagement of antibody-treated tumor cells. NK92 cell activation was assessed by measuring the
up-regulation of CD107a, which occurs very rapidly upon degranulation and is a sensitive
marker of NK cell activation. Mock transduced NK92 cells incubated with Raji cells treated with
or without rituximab demonstrated low level and similar up-regulation CD107a (FIG. 5B). NK92
cells expressing CD16a or CD16a/S197P at equivalent levels when incubated with Raji cells
alone marginally up-regulated CD107a as well, whereas their incubation with Raji cells treated
with rituximab resulted in a considerable up-regulation of CD107a (FIG. 5B). Taken together,
the above findings indicate that the engineered S197P mutation in CD16a did not impair its
function.

Thus, we show that the engineered S197P mutation in CD16a and CD16b effectively
blocked their shedding in cell-based assays that involved native ADAM17. The S197P mutation
in CD16a also blocked shedding of the receptor in the human NK cell line NK92, but it did not
impair receptor function. NK92 cells expressing equivalent levels of CD16a or CD16a/S197P

bound monomeric IgG with similar efficiency over a range of antibody concentrations. In
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addition, NK92 cells expressing CD16a or CD16a/S197P up-regulated the activation marker
CD107a in a comparable manner upon their engagement of rituximab bound to Raji cells.

Pluripotent stem cells allow genetic manipulation to generate engineered NK cells. This
disclosure describes the generation of engineered NK cells from transduced iPSCs expressing
wild-type CD16a or CD16a/S197P. As with NK92 cells, CD16a underwent shedding in the
iPSCs-derived NK cells, demonstrating normal ADAM17 activity upon cell activation, whereas
CD16a/S197P was not shed.

CD16a and NK cell cytotoxic function can undergo a considerable down-regulation in
cancer patients. The cDNAs encoding CD16a/S197P can be used to generate stable human
induced pluripotent stem cells (iPSCs) and embryonic stem cells (ESCs). These stem cells can
then be differentiated into primary NK cells that express CD16a/S197P. Other cell populations
that express cleavage resistant CD16a/S197P (e.g., monocytes) or CD16b/S197P (e.g.,
neutrophils) also can be derived from hESCs/iPSCs.

To generate an NK cell immunotherapy to be used in human patients against various
forms of cancer or infection, the CD16a/S197P-expressing NK cells can mediate increased
antibody-dependent cell cytotoxicity (ADCC) activity or other CD16a-mediated activity (e.g.,
IFNy and TNFa production). For example, the CD16a/S197P-expressing NK cells may be
combined with therapeutic antibodies (e.g., trastuzumab or rituximab), a bi-specific killer
engager (BiKE, e.g., CD16xCD33, CD16xCD19, or CD16xEP-CAM bi-specific killer cell
engager) or a tri-specific killer cell engager (TriKE). Other therapeutic cell populations (e.g.,
neutrophils, monocytes, T cells, etc.) also can be produced with increased CD16-mediated
activity.

Expression of CD16a/S197P in human iPSCs or human ESCs can produce an NK cell
population with enhanced ADCC activity against neoplastic conditions such as, for example,
HER?2 ovarian cancer. In some cases, the neoplastic condition may be treated with a therapeutic
antibody such as, for example, trastuzumab. Mature NK cells may be derived from human
embryonic stem cells and iPSCs.

Wild-type CD16a and/or CD16a/S197P can be cloned to generate a stable iPSC line or a
stable ECS line expressing the individual CD16a receptors. Any suitable cloning method may be
used. Exemplary cloning methods include, for example, viral-based methods, transposon vectors

(e.g., Sleeping Beauty), or nucleofection. In one example, iPSCs may be modified using the
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Sleeping Beauty transposon vector. The vector can contain a selection system such as, for
example, GFP/zeocin resistance fusion protein, which allows a dual selection system (zeocin
resistance and flow cytometric sorting). The iPSCs can be differentiated into mature NK cells, as
previously described (Ni et al., 2011, J. Virol. 85:43-50; Knorr et al. 2013, Stem Cells Transl
Med 2:274-283; Woll et al., 2009, Blood 113:6094-6101). Expression of transgenic receptors in
1PSCs can lead to a high level of expression in the derived NK cells. CD16 expression in
undifferentiated iPSCs may disrupt NK cell differentiation. In such cases, CD16 expression may
be delayed using, for example, a CD56 or a natural CD16a promoter, so that CD16 expression
better coincides with normal NK cell differentiation.

One can compare NK cells expressing equivalent levels of wild-type CD16a versus
CD16a/S197P. Expression levels of the CD16 constructs can be matched by FACS sorting based
on GFP expression, which occurs in a proportional manner to the CD16 constructs. Matched
CD16a levels can be verified by FACS. NK cell cytotoxicity against HER2-expressing ovarian
cancer cells can be assessed by a standard chromium release assay in the presence or absence of
a therapeutic antibody such as, for example, trastuzumab. Antibody-dependent cell cytotoxicity
with non-chromium labeled ovarian cancer cells can be evaluated. One can evaluate NK cell
production of cytokines (e.g., IFNy, TNFa) and soluble levels of CD16a by ELISA, and the cell
surface levels of CD16a and other activation markers (e.g., CD107a, CD62L) by FACS.

The human tumor xenograft model described in Example 3 can be used to evaluate the
anti-cancer activity of NK cells that express non-cleavable CD16a in vivo. Unlike human CD16,
mouse CD16 does not undergo ectodomain shedding upon cell stimulation, and thus determining
the effects of CD16a shedding on NK cell-mediated ADCC cannot be modeled in normal mice.

Table 1 provides a representative set of experimental groupings and treatments.

Table 1. Tumor xenograft model

Group n Treatment#
1 5 No treatment
2 5 OVCAR3 cells only
3 5 OVCAR3 + NK cells/WT-CD16a
4 5 OVCAR3 + NK cells/ WT-CD16a + trastuzumab
5 5 OVCAR3 + NK cells/CD16a™"
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6 5 OVCAR3 + NK cells/ CD16a”"™ + trastuzumab
7 5 OVCAR3 + NK cells/vector only
8 5 OVCAR3 + NK cells/vector + trastuzumab

#Treatment performed at least twice and data pooled.

Tumor growth and/or regression can be monitored weekly by conventional methods
including, for example, bioluminescent imaging, ultrasound, CT, MRI, another imaging
technology, and/or weighing the mice (Woll et al., 2009, Blood 113:6094—6101). Mice also can
be bled (e.g., weekly) to quantify human NK cell survival. The expression and/or cell surface
levels of various effector function markers (e.g., IFNy, CD16a) can be evaluated using
conventional techniques such as, for example, by FACS. Mice can be followed for any suitable
period such as, for example, 60 days. At the time of sacrifice, internal organs (e.g., spleen, liver,
lungs, kidney, and/or ovaries) can be examined for evidence of metastasis (e.g., by
bioluminescence), as previously described (Woll et al., 2009, Blood 113:6094—6101).

Our analyses allow one to define and compare the antibody-dependent cell cytotoxicity
activity and in vivo potency of iPSC-derived NK cells expressing wild-type CD16a versus
CD16a/S197P. Thus, we describe herein a modified form of CD16a, genetically-modified cells
(e.g., NK cells, neutrophils, monocytes, T cells, etc.) that express the modified CD16a, and
methods that involve the genetically-modified cells. For example, NK cells expressing the
modified form of CD16a, CD16a/S197P, exhibit increased anti-ovarian cancer activity due, at
least in part, to reduced susceptibility to ADAM17-mediated shedding upon NK cell stimulation.
This, in turn, increases antibody-dependent cell cytotoxicity activity upon engaging antibody-
tagged cancer cells such as, for example, cancer cells tagged with a therapeutic antibody.
Moreover, antibody recognition by NK cells increases contact stability with tumor cells and
bolsters NK cell activity through other activating receptors, such as NKG2D.

The term “and/or” means one or all of the listed elements or a combination of any two or
more of the listed elements; the terms “comprises” and variations thereof do not have a limiting
meaning where these terms appear in the description and claims; unless otherwise specified, “a,”
“an,” “the,” and “at least one” are used interchangeably and mean one or more than one; and the
recitations of numerical ranges by endpoints include all numbers subsumed within that range

(e.g., 1to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).
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In the preceding description, particular embodiments may be described in isolation for
clarity. Unless otherwise expressly specified that the features of a particular embodiment are
incompatible with the features of another embodiment, certain embodiments can include a
combination of compatible features described herein in connection with one or more
embodiments.

For any method disclosed herein that includes discrete steps, the steps may be conducted
in any feasible order. And, as appropriate, any combination of two or more steps may be
conducted simultancously.

The present invention is illustrated by the following examples. It is to be understood that
the particular examples, materials, amounts, and procedures are to be interpreted broadly in

accordance with the scope and spirit of the invention as set forth herein.

EXAMPLES

Example 1

Mass spectrometry

Peripheral blood collection from healthy individuals was performed in accordance with
protocols approved by the University of Minnesota Institutional Review Board according to
protocol # 9708M00134. Human neutrophil and NK cell isolation was performed as previously
described (Wang et al., 2013, Biochim Biophys Acta. 1833:680-685; Long et al., 2010, J Leukoc
Biol. 87:1097-1101; Long et al., 2012, J Leukoc Biol. 92:667-672). Enriched neutrophils or NK
cells (1 x 107/ml in PBS; Mediatech, Inc. Manassas, VA) were activated with PMA (15 ng/ml or
50 ng/ml, respectively; Sigma-Aldrich, St. Louis, MO) for 30 minutes at 37°C. Cell supernatants
were filtered (0.45 pm pore size) and CD16 was immunoprecipitated using the mAb 3GS8
(BioLegend, Inc., San Diego, CA) and the Pierce direct immunopreciptation kit (Thermo Fisher
Scientific, Rockford, IL), according to the manufacturer’s instructions. Purified CD16 was
deglycosylated by chitin binding domain-tagged Remove-iT PNGase F (New England BioLabs,
Inc., Ipswich, MA), according to the manufacturer’s instructions. Briefly, 10-20ug of purified
CD16 was denatured in the presence of 40 mM DTT at 55°C for 10 minutes and then incubated
with 3 pl of REMOVE-IT PNGase F (New England BioLabs, inc., Ipswich, MA) at 37°C for one

hour. REMOVE-IT PNGase F was then removed from the reaction using chitin magnetic beads.
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CD16 was subjected to SDS-PAGE and gel bands corresponding to soluble CD16 were
detected by a krypton fluorescent protein stain (Thermo Fisher Scientific, Rockford, IL), verified
by CD16 immunoblot analysis of adjacent lanes in the same gel, and were then excised and
subjected to standard in-gel digestion with trypsin. Digested peptides extracted from the gel were
dried down and reconstituted for liquid chromatography-mass spectrometry analysis in
98:2:0.01, water:acetonitrile:formic acid and <1 ug aliquots were analyzed by mass spectrometry
(VELOS ORBITRAP, Thermo Fisher Scientific, Rockford, IL) in a data dependent scan mode,
as described previously (Lin-Moshier et al., 2013, J Biol Chem. 288:355-367). Database secarches
were performed with Protein Pilot 4.5 (AB Sciex, Framingham, MA), which uses the Paragon
scoring algorithm (Shilov et al., 2007, Mol Cell Proteomics 6:1638-1655), against the NCBI
reference sequence Homo sapiens protein FASTA database to which the contaminant database
(thegpm.org/cRAP/index,109 proteins) was appended. Search parameters were: cysteine
iodoacetamide; trypsin; instrument Orbi MS (1-3ppm) Orbi MS/MS; biological modifications ID
focus, which includes asparagine deamidation; a thorough search effort; and False Discovery

Rate analysis (with reversed database).

Generation of cDNA expression constructs

CD16b occurs as two allelic variants termed NA1 and NA2, differing by four amino
acids in the N-terminal portion of its extracellular region. Both allelic variants of CD16b are
cleaved with similar efficiency by ADAM17. For this study, we examined only the NA1 variant.
There are also two allelic variants of CD16a that have either a valine or phenylalanine residue at
position 176. These two allelic variants of CD16a were cleaved with similar efficiency by
ADAMI17. For this study, we examined only the valine allelic variant CD16a.

CD16a and CD16b were amplified from human leukocyte cDNA, separately cloned into
the pcDNA3.1 plasmid (Invitrogen, Carlsbad, CA) at the BamHI and EcoRI restriction enzyme
sites as previously described (Wang et al., 2013, Biochim Biophys Acta. 1833:680-685; Dong et
al., 2014, Arthritis Rheumatol. 66:1291-1299). The constructs were then subjected to Quik-
Change Site-directed Mutagenesis (Agilent Technologies, Santa Clara, CA) according to the
manufacturer’s instructions to convert the serine at position 197 to a proline in CD16a and
CD16b. All constructs were sequenced to confirm the presence of the intended mutation and the

absence of any spontaneous mutations.
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The CD16a cDNA was subsequently cloned into the bi-cistronic retroviral expression
vector pPBMN-IRES-EGFP, provided by Dr. G. Nolan (Stanford University, Stanford, CA), at the
BamHI and EcoRI restriction enzyme sites. The CD16a constructs were also cloned into a
bicistronic Sleeping Beauty transposon plasmid (pKT2-IRES-GFP:zeo) as previously described
(Wilber et al., 2007, Stem Cells 25:2919-2927; Tian et al., 2009, Stem Cells 27:2675-2685).
Briefly, wild-type CD16a and CD16a/S197P were PCR amplified using the primers: 5'-CCG
GAA TTC CAG TGT GGC ATC ATG TGG CAG CTG CTC-3' (sense, SEQ ID NO:XX) and
5'-CCG GAA TTC TCA TTT GTC TTG AGG GTC CTT TCT-3' (antisense, SEQ ID NO:YY).
EcoRI sites are underlined. The EcoRI-digested CD16a and CD16a/S197P PCR fragments were
separately cloned into pKT2-IRES-GFP:zeo. Correct CD16a orientation and sequence were
confirmed by PCR and sequencing analyses. We have previously cloned full-length human L-
selectin (CD62L) cDNA (Fechan et al., 1996, J Biol Chem. 271:7019-7024; Matala et al., 2001, J
Immunol. 167:1617-1623), which was transferred to the pcDNA3.1 vector at the restriction
enzyme site Xbal. Full-length human FcRy cDNA was cloned as previously described (Dong et
al., 2014, Arthritis Rheumatol. 66:1291-1299), with the modification that a pcDNA3.1 vector

was used.

Generation of cell lines expressing recombinant L-selectin, CD16a, and CD16b

HEK293 cells (a human embryonic kidney cell line) and NK92 cells (a human NK cell
line) (ATCC, Manassas, VA) were cultured according to the depository’s instructions. HEK293
cells were transiently transfected with pcDNA3.1 with or without CD16b, CD16b/S197P, and/or
L-selectin using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. HEK293 cells stably expressing human FcRy were transiently transfected with
pcDNA3.1 with or without CD16a or CD16a/S197P by the same approach. NK92 cells were
stably transduced with pPBMN-IRES-EGFP with or without CD16a or CD16a/S197P by
retrovirus generation and infection procedures described previously (Matala et al., 2001, J
Immunol. 167:1617-1623; Walcheck et al., 2003, J Leukoc Biol. 74:389-394; Wang et al., 2009,
J Immunol. 182:2449-2457). Construct expression was assessed by EGFP fluorescence and
CD16 staining, as determined by flow cytometry. Human iPSCs (UCBiPS7, derived from
umbilical cord blood CD34 cells) were maintained on mouse embryonic fibroblasts (Knorr et al.,

2013, Stem Cells Transl Med. 2:274-283; Ni et al., 2014, Stem Cells 32:1021-1031). Stable
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expression of CD16a or CD16a/S197P was performed using a Sleeping Beauty transposon
system as previously described (Wilber et al., 2007, Stem Cells 25:2919-2927; Tian et al., 2009,
Stem Cells 27:2675-2685). Briefly, iPSCs were nucleofected with pKT2-IRES-GFP:zeo in
combination with transposase DNA in nucleofector solution V (Lonza Inc., Gaithersburg, MD)
using program setting B16. Nucleofected cells were immediately suspended in iPSC growth

medium containing zeocin (50 pg/ml) and seeded onto mouse embryonic fibroblasts.

NK cell derivation from CD16a-hESC and CD16a-iPSC cells

Hematopoietic differentiation of hESCs and iPSCs was performed as previously
described (Ng et al., 2005, Blood 106: 1601-1603; Ng et al., 2008, Nat Protoc 3:768-776; Le
Garff-Tavernier et al., 2010, Aging Cell 9: 527-535). Briefly, 3000 single cells were seeded per
well of 96-well round bottom plates in BPEL media with stem cell factor (SCF, 40 ng/ml),
vascular endothelial growth factor (VEGF, 20 ng/ml) and bone morphogenic protein 4 (BMP4,
20 ng/ml). BPEL media contained Iscove’s Modified Dulbecco’s Medium (IMDM, 86 ml,
Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA), F12 Nutrient Mixture with Glutmax I
(86 mL, Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA), 10% deionized Bovine
Serum Albumin (BSA, 5 ml, Sigma-Aldrich, St. Louis, MO), 5% Polyvinyl alcohol (10 ml,
Sigma-Aldrich, St. Louis, MO), linolenic acid (20 ul of 1 gm/ml solution, Sigma-Aldrich, St.
Louis, MO), linoleic acid (20 ul of 1 gm/ml solution, Sigma), SYNTHECOL 500x solution
(Sigma-Aldrich, St. Louis, MO), a-monothioglyceral (3.9 ul/100 ml, Sigma-Aldrich, St. Louis,
MO), Protein-free hybridoma mix II (Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA),
ascorbic acid (5 mg/ml, Sigma), GLUTAMAX I (Invitrogen, Thermo Fisher Scientific, Inc.,
Waltham. MA), Insulin-transferrin-selenium 100x solution (Invitrogen, Thermo Fisher
Scientific, Inc., Waltham. MA), Penicillin/streptomycin (Invitrogen, Thermo Fisher Scientific,
Inc., Waltham. MA).

At day 11 of hematopoietic differentiation, spin embryoid bodies were directly
transferred into 24-well plates with or without EL08-1D2 stromal cells in NK media supplied
with cytokines (Le Garft-Tavernier et al., 2010, Aging Cell 9:527-535). After 4-5 weeks of
culture, single cell suspensions were stained with APC-, PE-, FITC- and PerCP-cy5.5-coupled
IgG or specific antibodies against human blood surface antigens: CD45-PE, CD56-APC, CD56-
PE, CD16-PerCP-cy5.5, NKG2D-PE, NKp44-PE, NKp46-PE, CD158b-FITC, CD158¢1/2-FITC
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(BD Pharmingen, San Jose, CA), CD158a/h-PE and CD158i-PE (Beckman Coulter, Inc.,
Pasadena, CA). Antibody stains were assessed by flow cytometry.

Cell stimulation

HEK293 and NK92 cells in RPMI 1640 media (Mediatech, Inc., Manassas, VA) were
activated with 15 ng/ml and 100 ng/ml, respectively, PMA for 30 minutes at 37°C. NK92 cells
were activated with IL-12 (PeproTech Inc, Rocky Hill, NJ) and IL-18 (R&D Systems, Inc.,
Minneapolis, MN) at 100 ng/ml and 400 ng/ml, respectively, for the indicated time points. NK92
cell activation through CD16a was mediated by their incubation with the CD20-positive
Burkitt’s lymphoma cell line Raji (ATCC, grown according to the depository’s instructions) (1:1
ratio) treated with the anti-CD20 mAb rituximab (1 pg/ml) (Genentech, Inc., South San
Francisco, CA), as described previously (Romee et al., 2013, Blood 121:3599-3608). Excess
rituximab was removed by washing the Raji cells. In some experiments, NK92 cells were pre-
incubated for 30 minutes with the selective ADAMI17 inhibitor BMS566394 (5 uM) (Bristol-
Myers Squibb Company, Princeton, NJ). NK cells derived from iPSCs were stimulated with the
human erythroleukemic cell line K562 (ATCC, grown according to the depository’s
instructions), as previously described (Romee et al., 2013, Blood 121:3599-3608). Briefly, iPSC-
derived NK cells were incubated with K562 target cells (2:1 ratio) for four hours at 37°C.

Antibody binding assay

Cell binding to monomeric human IgG and IgA (Sigma-Aldrich, St. Louis, MO) was
performed as previously described with some modifications (Dong et al., 2014, Arthritis
Rheumatol. 66:1291-1299). NK92 parent cells or transduced cells expressing CD16a or
CD16a/S197P at 5 x 10°/ml in PBS were incubated with IgG or IgA at the indicated
concentrations in triplicate for one hour at 4°C. The cells were extensively washed and incubated
with APC-conjugated donkey anti-human Fc (heavy and light chain) antibody (Jackson
Immunoresearch, West Grove, PA) according to the manufacturer’s instructions. The cells were

washed and then immediately analyzed by flow cytometry.
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Flow cytometry and ELISA

For cell staining, nonspecific antibody binding sites were blocked and cells were stained
with the indicated antibodies and examined by flow cytometry, as previously described (Wang et
al., 2013, Biochim Biophys Acta. 1833:680-685; Romee et al., 2013, Blood 121:3599-3608).
Flow cytometric analysis was performed on FACSCanto and LS RII instruments (BD
Biosciences, San Jose, CA). Human CD16 was detected by the mAbs 3G8 (BioLegend, Inc., San
Diego, CA) and DJ130c (Santa Cruz Biotech, Santa Cruz, CA). CD107a was detected by the
mADb H4A3 (Biolegend, Inc., San Diego, CA). ADAMI17 was detected by the mAbs M220
(Doedens et al., 2000, J Biol Chem. 275:14598-14607), 111633, and 111623 (R&D Systems,
Inc., Minneapolis, MN). Human L-selectin was detected by the mAb LAM1-116 (Ancell Corp.,
Stillwater, MN). Isotype-matched negative control mAbs were used to evaluate levels of
nonspecific staining. The CD16 ELISA was performed by a custom cytometric bead assay, as

previously described (Wang et al., 2013, Biochim Biophys Acta. 1833:680-685).

Statistical analysis
Statistical analysis was performed using Prism software (GraphPad, San Diego, CA)
using ANOVA and student’s t test where appropriate. A p value of < 0.05 was considered

significant.

Example 2
Comparison of NK cells expressing equivalent levels of WT CD16a and CD16a

(CD16a/S197P)

197P

Expression levels of the CD16 constructs are matched by FACS sorting based on GFP
expression (as done for NK92 cells described above, FIG. 2), which occurs in a proportional
manner to the CD16 constructs. Matched CD16a levels are verified by FACS for all assays. As a
control, iPSC-derived NK cells modified with empty Sleeping Beauty transposon vector
(expressing only GFP) are evaluated. iPSC-derived NK cells express low levels of endogenous
CD16a (data not shown). NK cell cytotoxicity against HER2-expressing ovarian cancer cells is
assessed by a standard chromium release assay in the presence or absence of trastuzumab.
Antibody-dependent cell cytotoxicity with non-chromium labeled ovarian cancer cells is also

performed. NK cell production of cytokines (e.g., IFNy, TNFa) and soluble levels of CD16a are
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evaluated by ELISA. Cell surface levels of CD16a and other activation markers (e.g., CD107a,
CD62L) are evaluated by FACS.

Example 3

Human tumor xenograft model for testing whether iPSC-derived NK cells expressing CD16a'"""
(CD16a/S197P) have increased in vivo anti-ovarian cancer activity in the presence of
trastuzumab.

A xenograft model using NOD/SCID/yc”” (NSG) mice and human ovarian cancer cell
lines stably engineered to express firefly luciferase for bioluminescent imaging (Geller et al.,
2013, Cytotherapy 15:1297-1306) is used to test intraperitoneal (ip) delivery of NK cell activity
against ovarian cancer cells. The OVCAR3 ovarian cancer cell line, which over-expresses
HER2, is used as the in vivo target (Hellstrom et al., 2001, Cancer Res 61:2420-2423).
Sublethally-irradiated (225 ¢cGY) NSG female mice are injected intraperitoneally with OVCAR3
(2 x 10° cells) generated to express luciferase for bioluminescent imaging to quantify tumor
growth or regression (Geller et al., 2013, Cytotherapy 15:1297-1306). Tumors are allowed to
grow for seven days before the mice get a single intraperitoneal injection of 20 x 10° NK cells.
Mice are then given IL-2 (5 pg/mouse) every other day for four weeks as previously described
(Woll et al., 2009, Blood 113: 6094-6101) to promote in vivo survival of NK cells. Trastuzumab
is administered at a dose of 50 pg intraperitoneally once weekly for four weeks, a previously
used dose in this model (Warburton et al., 2004, Clinical cancer research 10:2512-2524). The in
vivo potency of iPSC-derived NK cells expressing equivalent levels of WT CD16 or CD16a'""
(CDa6a/S197P) are compared. Controls include iPSC-derived NK cells expressing GFP alone
(vector only), and a cohort of mice receiving ovarian cancer cells only. All mice get the same IL-
2 treatment.

Tumor growth/regression are monitored weekly by bioluminescent imaging and weighing
the mice, as previously described (Woll et al., 2009, Blood 113: 6094-6101). Mice are also bled
weekly to quantify human NK cell survival. The expression/cell surface levels of various effector
function markers (e.g., IFNy, CD16a) are evaluated by FACS. Mice are followed for ~60 days.
At the time of sacrifice, internal organs (spleen, liver, lungs, kidney, and ovaries) are examined
by bioluminescence for evidence of metastasis, as previously described (Woll et al., 2009, Blood

113: 6094-6101).

19



10

15

20

25

30

WO 2015/148926 PCT/US2015/022998

EXEMPLARY EMBODIMENTS

Embodiment 1. A cell genetically modified to express a CD16 polypeptide that comprises
a membrane proximal region and an amino acid modification in the membrane proximal region.

Embodiment 2. A cell comprising:

a polynucleotide that encodes a CD16 polypeptide that comprises a membrane proximal
region and an amino acid modification in the membrane proximal region.

Embodiment 3. The cell of Embodiment 1 or Embodiment 2 wherein the amino acid
medication reflects an addition of one or more amino acids, a deletion of one or more amino
acids, or a substitution of one or more amino acids compared to the wild-type amino acid
sequence of the CD16 membrane proximal region.

Embodiment 4. The cell of Embodiment 3 wherein the substitution of one or more amino
acids comprises a substitution of the serine residue at position 197 of SEQ ID NO:1.

Embodiment 5. The cell of any preceding Embodiment wherein the cell is a Natural
Killer (NK) cell.

Embodiment 6. The cell of any preceding Embodiment wherein the cell is a neutrophil.

Embodiment 7. The cell of any preceding Embodiment wherein the cell is a monocyte.

Embodiment 8. The cell of any preceding Embodiment wherein the modified CD16
polypeptide exhibits reduced susceptibility to ADAM17-mediated shedding compared to a wild-
type CD16 polypeptide.

Embodiment 9. The cell of any preceding Embodiment wherein the modified CD16
polypeptide exhibits reduced susceptibility to cleavage upon NK cell stimulation compared to a
wild-type CD16 polypeptide.

Embodiment 10. A method comprising administering to a patient in need of such
treatment a therapy that comprises:

administering to the patient a therapeutic NK effector; and
administering to the patient the cell of any one of claims 1-9.

Embodiment 11. The method of Embodiment 10 wherein the therapeutic NK effector
comprises a therapeutic agent.

Embodiment 12. The method of Embodiment 11 wherein the therapeutic agent

specifically recognizes a tumor antigen.
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Embodiment 13. The method of Embodiment 12 wherein the therapeutic agent comprises
an antibody or an antibody fragment that specifically recognizes the tumor antigen.

Embodiment 14. The method of Embodiment 13 wherein the tumor antigen comprises
HER2.

Embodiment 15. The method of Embodiment 13 or Embodiment 14 wherein the antibody
comprises trastuzumab or rituximab.

Embodiment 16. The method of Embodiment 10 wherein the therapeutic NK effector
comprises a bi-specific killer engager (BiKE)

Embodiment 17. The method of Embodiment 16 wherein the BiKE comprises a
CD16xCD33 BiKE, a CD16xCD19 BiKE, or a CD16xEP-CAM BiKE.

Embodiment 18. The method of Embodiment 10 wherein the therapeutic NK effector
comprises a tri-specific killer cell engager (TriKE).

Embodiment 19. The method of any one of Embodiments 11 or 16-18 wherein the
therapeutic agent specifically recognizes a viral target.

Embodiment 20. A method for improving therapy to a patient that includes administering
to the patient a therapeutic NK effector, the method comprising:

administering to the patient the cell of any one of claims 1-9.

The complete disclosure of all patents, patent applications, and publications, and
electronically available material (including, for instance, nucleotide sequence submissions in,
¢.g., GenBank and RefSeq, and amino acid sequence submissions in, ¢.g., SwissProt, PIR, PRF,
PDB, and translations from annotated coding regions in GenBank and RefSeq) cited herein are
incorporated by reference in their entirety. In the event that any inconsistency exists between the
disclosure of the present application and the disclosure(s) of any document incorporated herein
by reference, the disclosure of the present application shall govern. The foregoing detailed
description and examples have been given for clarity of understanding only. No unnecessary
limitations are to be understood therefrom. The invention is not limited to the exact details
shown and described, for variations obvious to one skilled in the art will be included within the
invention defined by the claims.

Unless otherwise indicated, all numbers expressing quantities of components,

molecular weights, and so forth used in the specification and claims are to be understood as
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being modified in all instances by the term “about.” Accordingly, unless otherwise indicated
to the contrary, the numerical parameters set forth in the specification and claims are
approximations that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits and by applying ordinary rounding
techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. All numerical values, however, inherently
contain a range necessarily resulting from the standard deviation found in their respective
testing measurements.

All headings are for the convenience of the reader and should not be used to limit the

meaning of the text that follows the heading, unless so specified.
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What is claimed is:

1. A cell genetically modified to express a CD16 polypeptide that comprises a membrane

proximal region and an amino acid modification in the membrane proximal region.

2. A cell comprising;:
a polynucleotide that encodes a CD16 polypeptide that comprises a membrane proximal

region and an amino acid modification in the membrane proximal region.

3. The cell of claim 1 or claim 2 wherein the amino acid medication reflects an addition of
one or more amino acids, a deletion of one or more amino acids, or a substitution of one or more
amino acids compared to the wild-type amino acid sequence of the CD 16 membrane proximal

region.

4. The cell of claim 3 wherein the substitution of one or more amino acids comprises a

substitution of the serine residue at position 197 of SEQ ID NO:1.

5. The cell of claim 1 or claim 2 wherein the cell is a Natural Killer (NK) cell.
6. The cell of claim 1 or claim 2 wherein the cell is a neutrophil.
7. The cell of claim 1 or claim 2 wherein the cell is a monocyte.

8. The cell of claim 1 or claim 2 wherein the modified CD16 polypeptide exhibits reduced
susceptibility to ADAM17-mediated shedding compared to a wild-type CD16 polypeptide.

9. The cell of claim 1 or claim 2 wherein the modified CD16 polypeptide exhibits reduced
susceptibility to cleavage upon NK cell stimulation compared to a wild-type CD16 polypeptide.

10. A method comprising:

administering to a patient in need of such treatment a therapy that comprises:
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administering to the patient a therapeutic NK effector; and

administering to the patient the cell of claim 1 or claim 2.

11.  The method of claim 10 wherein the therapeutic NK effector comprises a therapeutic

agent.

12.  The method of claim 11 wherein the therapeutic agent specifically recognizes a tumor

antigen.

13.  The method of claim 12 wherein the therapeutic agent comprises an antibody or an

antibody fragment that specifically recognizes the tumor antigen.

14.  The method of claim 13 wherein the tumor antigen comprises HER2.

15.  The method of claim 13 or claim 14 wherein the antibody comprises trastuzumab or

rituximab.

16.  The method of claim 10 wherein the therapeutic NK effector comprises a bi-specific

killer engager (BiKE)

17.  The method of claim 16 wherein the BiKE comprises a CD16xCD33 BiKE, a
CD16xCD19 BIKE, or a CD16xEP-CAM BiIKE.

18. The method of claim 10 wherein the therapeutic NK effector comprises a tri-specific

killer cell engager (TriKE).

19.  The method of claim 11 wherein the therapeutic agent specifically recognizes a viral
target.
20. A method for improving therapy to a patient that includes administering to the patient a

therapeutic NK effector, the method comprising:

24



WO 2015/148926 PCT/US2015/022998

administering to the patient the cell of claim 1 or claim 2.
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POLYPEPTIDES, CELLS, AND METHODS INVOLVING ENGINEERED CD16

CROSS-REFERENCE TO RELATED APPLICATION
This application claims priority to U.S. Provisional Patent Application Serial No.

61/971,996, filed March 28, 2014, which is incorporated herein by reference.

SUMMARY

This disclosure describes, generally, a modified form of CD16, genetically-modified cells
that express the modified CD16, and methods that involve the genetically-modified cells. The
modified form of CD16 can exhibit increased anti-tumor and/or anti-viral activity due, at least in
part, to reduced susceptibility to metalloprotease-mediated shedding upon NK cell stimulation.

In one aspect, therefore, this disclosure describes a cell genetically modified to express a
CD16 polypeptide that has a membrane proximal region and an amino acid modification in the
membrane proximal region.

In another aspect, this disclosure describes a cell that includes a polynucleotide that
encodes a CD16 polypeptide that has membrane proximal region and an amino acid modification
in the membrane proximal region.

In either aspect, the amino acid medication reflects an addition of one or more amino
acids, a deletion of one or more amino acids, or a substitution of one or more amino acids
compared to the wild-type amino acid sequence of the CD16 membrane proximal region. In
some of these embodiments, the substitution of one or more amino acids includes a substitution
of the serine residue at position 197 of SEQ ID NO:1.

In either aspect, the cell can be a Natural Killer (NK) cell, a neutrophil, a monocyte, or a
T cell.

In either aspect, the modified CD16 polypeptide exhibits reduced susceptibility to
ADAM17-mediated shedding compared to a wild-type CD16 polypeptide.

In either aspect, the modified CD16 polypeptide exhibits reduced susceptibility to
cleavage upon NK cell stimulation compared to a wild-type CD1 polypeptide.
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In another aspect, this disclosure describes a method that generally involves
administering to a patient in need of such treatment a therapy that includes (a) administering to
the patient a therapeutic NK effector, and (b) administering to the patient the any embodiment of
the genetically-modified cell summarized above.

In some embodiments, the therapeutic NK effector includes a therapeutic agent. In some
of these embodiments, the therapeutic agent can include an antibody, or a therapeutic antibody
fragment. In some of these embodiments, the antibody, or antibody fragment, specifically binds
to a viral antigen. In other embodiments, the antibody, or antibody fragment, specifically binds to
a tumor antigen.

In some embodiments, the therapeutic agent can include a bi-specific killer engager
(BiKE) or a tri-specific killer cell engager (TriKE).

In yet another aspect, this disclosure describes a method for improving immunotherapy to
a patient, in which the immunotherapy involves administering to the patient a therapeutic NK
effector. Generally the method includes further administering to the patient any embodiment of
the genetically-modified cell summarized above.

The above summary of the present invention is not intended to describe each disclosed
embodiment or every implementation of the present invention. The description that follows more
particularly exemplifies illustrative embodiments. In several places throughout the application,
guidance is provided through lists of examples, which examples can be used in various
combinations. In each instance, the recited list serves only as a representative group and should

not be interpreted as an exclusive list.

BRIEF DESCRIPTION OF THE FIGURES

FIG. 1. Location of ectodomain cleavage sites in human CD16. (A) Tryptic peptides of
soluble CD16 immunoprecipitated from the cell supernatant of PMA-activated human NK cells
or neutrophils were subjected to mass spectrometry analysis. Four high confidence peptides with
non-tryptic C-termini were identified: 1 peptide from soluble CD16 released by NK cells
(Peptide #1, upper left) and 3 peptides from soluble CD16 released by neutrophils (Peptide #2,
lower left; Peptide #3, upper right; and Peptide #4, lower right). (B) Illustration of Peptides #1-4
(underlined) and putative cleavage sites (arrowheads) in CD16a (SEQ ID NO:1) and CD16b
(SEQ ID NO:2). Amino acid 176 distinguishes CD16a (F) from CD16b (V) in the identified
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peptides. Amino acids 1-16 indicate a predicted signal sequences of CD16a and CD16b. Amino
acids 210-229 indicate the transmembrane region of CD16a. Amino acid numbering begins with
methionine in the signal sequence. The amino acid sequences of CD16a and CD16b are from the
NCBI reference sequences NM_000569.6 and NM_000570.4, respectively.

FIG. 2. Schematic illustration of CD16 ectodomain shedding, the cleavage region, and
the engineered serine-197 to proline mutation. CD16a and CD16b undergo ectodomain shedding
by ADAMI17 within a membrane proximal region, as indicated. The CD16 cleavage region
within the membrane proximal region is based on mass spectrometry analysis that revealed three
distinct cleavage sites in close proximity (arrowheads). Site-directed mutagenesis was performed
to substitute serine-197 in CD16 (amino acids 190-202 of SEQ ID NO:1) with a proline
(CD16/S197P).

FIG. 3. Effects of the engineered S197P mutation on CD16a and CD16b shedding.
Transfected HEK293 (human embryonic kidney) cells separately expressed CD16b and
CD16b/S197P (A) or CD16a and CD16a/S197P (B) at similar levels, as determined by flow
cytometry (left panels). The different transfectants were treated with or without PMA (15 ng/ml
for 30 minutes at 37°C) and soluble levels of CD16 in the media supernatant were quantified by
ELISA (right panels). Each treatment condition was repeated three times for each experiment
and the data are representative of three independent experiments. Bar graphs show mean + SD.
Statistical significance is indicated as ***P<0.001. (C) Transfected HEK293 cells expressed L-
selectin (CD62L) or L-selectin and CD16b/S197P. Surface levels of L-selectin and
CD16b/S197P on transfected and mock-transfected cells were measured using flow cytometry
(histogram plots). Transfectants expressing L-selectin or L-selectin and CD16b/S197P were
incubated in the presence or absence of PMA for 30 minutes at 37°C, and the mean fluorescence
intensity (MFI) of L-selectin staining determined (bar graph). Each treatment condition was
repeated three times for each experiment and the data are representative of two independent
experiments. Bar graphs show mean = SD. Statistical significance is indicated as *P<0.05. For
all histogram plots, the x-axis = Log 10 fluorescence and the y-axis = cell number.

FIG. 4. Effects of the engineered S197P mutation on CD16a shedding in NK cells. NK92
cells transduced with empty vector (vector only), CD16a, or CD16a/S197P were treated without
(Unstim.) or with PMA (100 ng/ml) for 30 minutes at 37°C (A), with IL-12 and IL-18 (100
ng/ml and 400 ng/ml, respectively) for 24 hours at 37°C (B), or with Raji cells and rituximab for
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60 minutes at 37°C (C). Cell surface levels of CD16a were determined by flow cytometry.
Isotype-matched negative control antibody staining is indicated by a dotted line. (D) Parent
NK92 cells and transduced cells expressing CD16a or CD16a/S197P were treated with Raji cells
and rituximab in the presence or absence of the ADAM17 inhibitor BMS566394 (5 uM) for 60
minutes at 37°C. Soluble CD16a levels were determined by ELISA. Each treatment condition
was repeated three times and the data are representative of three independent experiments. Bar
graphs show mean + SD. Statistical significance is indicated as ***P<0.001. (E) NK92 cells
expressing CD16a or CD16a/S197P were stained with the anti-ADAM17 mAbs M220, 623, 633,
or an isotype-matched negative control antibody, as indicated. (F) CD56 CD45" NK cells
derived from mock-transduced iPSCs (left panel) or iPSCs expressing recombinant CD16a or
CD16a/S197P (right panels) were incubated with or without K562 target cells for four hours at
37°C. For all histogram plots, the x-axis = Log 10 fluorescence, the y-axis = cell number, and the
data are representative of at least 3 independent experiments.

FIG. 5. Effects of the engineered S197P mutation on CD16a function. (A) NK92 cells
expressing CD16a or CD16a/S197P at equivalent levels (left panel) were treated with
monomeric human IgG (0-20 pg/ml). As controls, cells were also treated with monomeric human
IgA (20 pg/ml), and NK92 parent cells were treated with IgG (20 pg/ml) (bar). Antibody binding
was determined by flow cytometry, as described in Materials and Methods. The bar graph shows
mean + SD of at least three separate experiments. Statistical significance is indicated as *P<0.05
versus 1gG (0 pg/ml), IgA, or NK92 parent cells + IgG. (B) Mock transduced NK92 cells or
NK92 cells expressing CD16a or CD16a/S197P were incubated in the absence (Unstim.) or
presence of Raji cells treated with or without anti-CD20 rituximab for the indicated time points
at 37°C. NK92 cell activation was assessed by the up-regulation in CD107a staining by flow
cytometry. For the histogram plots, the x-axis = Log 10 fluorescence and the y-axis = cell

number. Data are representative of at least 3 independent experiments.

DETAILED DESCRIPTION OF ILLUSTRATIVE EMBODIMENTS
This disclosure describes, generally, a modified form of CD16a, genetically-modified
cells that express the modified CD16a, and methods that involve the genetically-modified cells.

The modified form of CD16a can exhibit increased anti-tumor and/or anti-viral activity due, at
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least in part, to reduced susceptibility to metaaloprotease-mediated shedding upon NK cell
stimulation.

In contrast to many solid cancer types, the survival rate of women with epithelial ovarian
cancer has changed little in the last 30 years. Moreover, current standard therapies for recurrent
ovarian cancer provide a low (<20%) response rate. Despite ubiquitous HER2 overexpression by
ovarian cancer samples, treatment with the anti-HER2 antibody trastuzumab provides only
limited responses in patients with advanced ovarian cancer. This resistance to trastuzumab may
arise from dysfunctional NK cell-mediated antibody-dependent cell cytotoxicity. Thus, there is
an urgent need for innovative therapeutic strategies. We describe a novel approach for providing
therapeutic treatment strategy.

One concern with ovarian cancer is that the milieu in which tumor cells develop can be
highly pro-inflammatory, and thus likely to promote CD16a cleavage on infiltrating NK cells and
consequently diminishing antibody-dependent cell cytotoxicity. Several antibodies have emerged
as effective targeted therapies for treating human malignancies. Their efficacy is due in part to
antibody interactions with FcyRIIla/CD16a on Natural Killer (NK) cells and induction of cancer
cell killing by antibody-dependent cell cytotoxicity. Human IgG Fc receptor CD16 (FcyRIII)
consists of two isoforms: CD16a (FcyRlIlla) and CD16b (FcyRIIIb). CD16a is expressed by
Natural Killer (NK) cells and CD16b is expressed by neutrophils. NK Cell activation results in a
rapid down-regulation in the surface levels of both isoforms of CD16 by a process referred to as
ectodomain shedding—a proteolytic event that involves the metalloprotease ADAM17 and
occurs at a single extracellular region proximal to the plasma membrane (FIG. 1A).

As noted above, ovarian cancer patients may be resistant to NK cell-mediated
immunotherapies—i.e., the tumors are not sensitive to NK cell-mediated therapies. For example,
ovarian cancer cells typically express the epidermal growth factor receptor HER2, yet its
targeting with the therapeutic antibody trastuzumab has provided only a limited clinical
response. This resistance may result, at least in part, from ectodomain shedding—i.e., NK cell
activation by cytokines, target cell interaction, and/or tumor infiltration can result in CD16a
cleavage and impaired antibody-dependent cell cytotoxicity. Thus, blocking the process of
ectodomain shedding has clinical significance.

We have determined the cleavage sites of CD16a and CD16b using mass spectrometry
and cloned the cDNAs of CD16a and CD16b from human blood leukocytes. Each cDNA was



10

15

20

25

30

WO 2015/148926 PCT/US2015/022998

mutated in a directed manner to induce a single amino acid change. Serine at location 197 was
changed to a proline. (FIG. 1B). This mutation blocks the cleavage of CD16a and CD16b, and
prevents their down-regulation upon cell activation. The expression of cleavage-resistant CD16a
in ex vivo expanded NK cells maintain high surface levels of this IgG Fc receptor, which
enhances NK cell stimulation, the efficacy of therapeutic antibodies, and cancer call killing.
ADAM17 has a number of cell surface substrates, but possesses no consensus sequence
for proteolysis that can be used to predict the site of CD16a cleavage. Therefore, we used LC-
MS-MS to determine the C-terminus cleavage site in soluble CD16 released from activated
human peripheral blood leukocytes. We observed three putative cleavage locations in close
proximity in the membrane proximal region of CD16 (FIG. 2, arrowheads), a region that is
identical between CD16a and CD16b. Although ADAM17 proteolysis does not require a
consensus sequence, the secondary structure of the cleavage region is important. In an attempt to

block CD16a cleavage, we substituted serine-197 with a proline (CD16a""

) to introduce a
conformational change.

We identified the location of CD16 cleavage by immunoprecipitating CD16 from the
media supernatant of activated NK cells and, separately, from the media supernatant of
neutrophils. The immunoprecipitated CD16 was treated with PNGaseF to remove N-glycans,
trypsin digested, and the generated peptides subjected to mass spectrometric analysis. Four
different peptide patterns of high confidence were identified containing non-tryptic C-termini
(FIG. 1A).

For CD16 enriched from the media supernatant of activated NK cells, we observed only
one peptide pattern, which corresponds to amino acids glycine-174 through alanine-195 (Peptide
#1, FIG. 1A) of SEQ ID NO:1. The membrane proximal regions of CD16a and CD16b have
identical amino acid sequences except for residue 176. A phenylalanine at this location is
indicative of CD16a, which was present in Peptide #1 (FIG. 1A and B). This peptide revealed a
non-tryptic P1/P1’ cleavage position at alanine-195/valine-196 (FIG. 1B).

For CD16 enriched from the media supernatant of activated neutrophils, we detected
three different peptide patterns with non-tryptic C-termini (Peptides #2-4, FIG. 1A and 1B).
Peptide #2 corresponds to amino acids glycine-174 through alanine-195 of SEQ ID NO:2,
Peptide #3 corresponds to amino acids glycine-174 through valine-196 of SEQ ID NO:2, and
Peptide #4 corresponds to amino acids asparagine-180 through threonine-198 of SEQ ID NO:2.
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Peptide #2 and Peptide #3 contained a valine at position 176, indicative of CD16b, and revealed
P1/P1’ positions at alanine-195/valine-196 and at valine-196/serine-197 (FIG. 1B). Peptide #4
possessed a P1/P1’ position at threonine-198/isoleucine-199 (FIG. 1B). Though this peptide was
derived from soluble CD16 from enriched neutrophils, it does not contain an amino acid at
position 176 to identify the isoform (FIG. 1B). Regardless, the high confidence peptide revealed
a third cleavage site in CD16. Taken together, these findings demonstrate the presence of a
cleavage region in CD16 rather than a single specific cleavage site.

We further examined the cleavage region in CD16 by using site-directed mutagenesis to
determine whether CD16a and CD16b cleavage could be disrupted in cell-based assays.
ADAM17 tends to prefer an a-helical conformation in the substrate region that interacts with its
catalytic site. Moreover, proteomic studies of ADAM17 cleavage site specificities revealed a
very low preference for proline residues at the P1’, P2’, or P3’ positions. We therefore substituted
serine-197 in the cleavage regions of CD16a and CD16b with a proline (S197P, as indicated in
FIG. 2).

CD16b and CD16b/S197P were separately expressed in the human kidney cell line
HEK?293, which does not express endogenous CD16. The HEK293 transfectants expressed
CD16b or CD16b/S197P at similar levels on their surface (FIG. 3A). High levels of CD16b were
released from the transfected HEK293, which was increased further upon their treatment with
PMA, as determined by ELISA (FIG. 3A). However, soluble levels of CD16b/S197P generated
by untreated or PMA-treated HEK293 cells were markedly lower than those of CD16b (FIG.
3A).

We also examined the effects of the S197P mutation on CD16a cleavage using the same
approach. Surface expression of CD16a requires association with y chain dimmers. We therefore
used HEK?293 cells stably expressing human y chain. Comparing HEK293 transfectants
expressing equivalent surface levels of CD16a or CD16a/S197P (FI1G. 3B), we determined the
soluble levels of each receptor in the media supernatant of untreated and PMA-treated cells.
Again, significantly lower levels of soluble CD16a/S197P were observed when compared to
CD16a (FIG. 3B).

To evaluate whether the engineered S197P mutation in CD16 might disrupt ADAM17
activity, we also transfected HEK293 cells expressing or lacking CD16b/S197P with L-selectin,
a well described ADAM17 substrate normally expressed by leukocytes. Both transfectants
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expressed equivalent levels of L-selectin, which was similarly down-regulated following their
activation with PMA (FIG. 3C), demonstrating that the S197P mutation affected CD16 shedding
and not ADAM17 activity.

To assess the effects of the S197P mutation on CD16a shedding in NK cells, we used the
human NK cell line NK92 (Gong et al., 1994, Leukemia 8:652-658). These cells lack expression
of endogenous CD16a, but recombinant CD16a can be stably expressed. We transduced NK92
cells to separately express CD16a and CD16a/S197P. Cells expressing equivalent levels of these
receptors were activated with PMA and cell surface CD16 levels were examined by flow
cytometry. CD16a, but not CD16a/S197P, underwent a marked down-regulation in cell surface
expression (FIG. 4A). IL-12 and IL-18 are physiological stimuli of NK cells that individually or
in combination can induce CD16a shedding. NK92 cells treated with IL-12 and IL-18
demonstrated an appreciable down-regulation in their cell surface expression of CD16a but not
CD16a/S197P (FIG. 4B). Direct engagement of cell bound IgG by CD16a also can induce its
shedding, which we examined here by incubating NK92 cells expressing CD16a or
CD16a/S197P with the CD20-positive Burkitt’s lymphoma cell line Raji in the presence or
absence of the anti-CD20 mAb rituximab. Raji cells treated with rituximab induced the down-
regulation of CD16a, but not CD16a/S197P (FIG. 4C).

BMS566394 is a highly selective ADAM17 inhibitor with a potency orders of magnitude
higher for ADAM17 than for other metalloproteases. BMS566394 blocked CD16a shedding with
similar efficiency as the S197P mutation, but had no additional blocking effect on activated
NK92 cells expressing CD16a/S197P (FIG. 4D). These findings provide further evidence that
ADAM17 is the primary sheddase that cleaves CD16a within its cleavage region. It is possible,
however, that ADAM17 expression levels were not equivalent in the NK92 cells expressing
CD16a or CD16a/S197P, accounting for their dissimilar shedding. We therefore stained NK92
cells expressing CD16a or CD16a/S197P with multiple anti-ADAM17 mAbs and observed
identical cell surface levels (FIG. 4E).

To establish the effect of the S197P mutation on CD16a shedding by primary NK cells,
we used human iPSCs to generate engineered NK cells. We have previously reported on deriving
functional NK cells from iPSCs and their similarity to peripheral blood NK cells (Knorr et al.,
2013 Stem Cells Transl Med. 2:274-283; Ni et al., 2014, Stem Cells 32:1021-1031). CD16a and
CD16a/S197P ¢cDNA were cloned into a Sleeping Beauty transposon plasmid for gene insertion
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and stable expression in iPSC cells, which were subsequently differentiated into mature NK
cells. NK cells derived from mock transduced iPSC cells expressed low levels of endogenous
CD16a, whereas transduced CD16a and CD16a/S197P were expressed at higher levels (FIG.
4F). NK cell activation occurs through various receptors upon their interaction with K562 cells,
including BY55/CD160, resulting in ADAM17 activation and CD16a shedding. We stimulated
the iPSC-derived NK cells with K562 cells and found that CD16a underwent a marked down-
regulation in cell surface expression, whereas the expression of CD16a/S197P remained stable
(FIG. 4F).

Endogenous and recombinant CD16a have sufficient affinity to bind monomeric IgG. To
examine the effects of the S197P mutation on CD16a function, we compared the IgG binding
capacities of CD16a and CD16a/S197P. NK92 cells expressing CD16a or CD16a/S197P at
equivalent levels bound IgG in a similar dose-dependent manner (FIG. 5A). Controls consisted
of IgA binding to NK92 cells expressing CD16a or CD16a/S197P, and IgG binding to NK92
parent cells. Both occurred at essentially background levels (FIG. 5A). These findings
demonstrate specific and equivalent IgG binding by CD16a and CD16a/S197P.

CD16a is a potent activating receptor in NK cells, and we examined whether the
engineered S197P mutation affected the capacity of CD16a to induce cell activation upon
engagement of antibody-treated tumor cells. NK92 cell activation was assessed by measuring the
up-regulation of CD107a, which occurs very rapidly upon degranulation and is a sensitive
marker of NK cell activation. Mock transduced NK92 cells incubated with Raji cells treated with
or without rituximab demonstrated low level and similar up-regulation CD107a (FIG. 5B). NK92
cells expressing CD16a or CD16a/S197P at equivalent levels when incubated with Raji cells
alone marginally up-regulated CD107a as well, whereas their incubation with Raji cells treated
with rituximab resulted in a considerable up-regulation of CD107a (FIG. 5B). Taken together,
the above findings indicate that the engineered S197P mutation in CD16a did not impair its
function.

Thus, we show that the engineered S197P mutation in CD16a and CD16b effectively
blocked their shedding in cell-based assays that involved native ADAM17. The S197P mutation
in CD16a also blocked shedding of the receptor in the human NK cell line NK92, but it did not
impair receptor function. NK92 cells expressing equivalent levels of CD16a or CD16a/S197P

bound monomeric IgG with similar efficiency over a range of antibody concentrations. In
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addition, NK92 cells expressing CD16a or CD16a/S197P up-regulated the activation marker
CD107a in a comparable manner upon their engagement of rituximab bound to Raji cells.

Pluripotent stem cells allow genetic manipulation to generate engineered NK cells. This
disclosure describes the generation of engineered NK cells from transduced iPSCs expressing
wild-type CD16a or CD16a/S197P. As with NK92 cells, CD16a underwent shedding in the
iPSCs-derived NK cells, demonstrating normal ADAM17 activity upon cell activation, whereas
CD16a/S197P was not shed.

CD16a and NK cell cytotoxic function can undergo a considerable down-regulation in
cancer patients. The cDNAs encoding CD16a/S197P can be used to generate stable human
induced pluripotent stem cells (iPSCs) and embryonic stem cells (ESCs). These stem cells can
then be differentiated into primary NK cells that express CD16a/S197P. Other cell populations
that express cleavage resistant CD16a/S197P (e.g., monocytes) or CD16b/S197P (e.g.,
neutrophils) also can be derived from hESCs/iPSCs.

To generate an NK cell immunotherapy to be used in human patients against various
forms of cancer or infection, the CD16a/S197P-expressing NK cells can mediate increased
antibody-dependent cell cytotoxicity (ADCC) activity or other CD16a-mediated activity (e.g.,
IFNy and TNFa production). For example, the CD16a/S197P-expressing NK cells may be
combined with therapeutic antibodies (e.g., trastuzumab or rituximab), a bi-specific killer
engager (BiKE, e.g., CD16xCD33, CD16xCD19, or CD16xEP-CAM bi-specific killer cell
engager) or a tri-specific killer cell engager (TriKE). Other therapeutic cell populations (e.g.,
neutrophils, monocytes, T cells, etc.) also can be produced with increased CD16-mediated
activity.

Expression of CD16a/S197P in human iPSCs or human ESCs can produce an NK cell
population with enhanced ADCC activity against neoplastic conditions such as, for example,
HER?2 ovarian cancer. In some cases, the neoplastic condition may be treated with a therapeutic
antibody such as, for example, trastuzumab. Mature NK cells may be derived from human
embryonic stem cells and iPSCs.

Wild-type CD16a and/or CD16a/S197P can be cloned to generate a stable iPSC line or a
stable ECS line expressing the individual CD16a receptors. Any suitable cloning method may be
used. Exemplary cloning methods include, for example, viral-based methods, transposon vectors

(e.g., Sleeping Beauty), or nucleofection. In one example, iPSCs may be modified using the
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Sleeping Beauty transposon vector. The vector can contain a selection system such as, for
example, GFP/zeocin resistance fusion protein, which allows a dual selection system (zeocin
resistance and flow cytometric sorting). The iPSCs can be differentiated into mature NK cells, as
previously described (Ni et al., 2011, J. Virol. 85:43-50; Knorr et al. 2013, Stem Cells Transl
Med 2:274-283; Woll et al., 2009, Blood 113:6094-6101). Expression of transgenic receptors in
1PSCs can lead to a high level of expression in the derived NK cells. CD16 expression in
undifferentiated iPSCs may disrupt NK cell differentiation. In such cases, CD16 expression may
be delayed using, for example, a CD56 or a natural CD16a promoter, so that CD16 expression
better coincides with normal NK cell differentiation.

One can compare NK cells expressing equivalent levels of wild-type CD16a versus
CD16a/S197P. Expression levels of the CD16 constructs can be matched by FACS sorting based
on GFP expression, which occurs in a proportional manner to the CD16 constructs. Matched
CD16a levels can be verified by FACS. NK cell cytotoxicity against HER2-expressing ovarian
cancer cells can be assessed by a standard chromium release assay in the presence or absence of
a therapeutic antibody such as, for example, trastuzumab. Antibody-dependent cell cytotoxicity
with non-chromium labeled ovarian cancer cells can be evaluated. One can evaluate NK cell
production of cytokines (e.g., IFNy, TNFa) and soluble levels of CD16a by ELISA, and the cell
surface levels of CD16a and other activation markers (e.g., CD107a, CD62L) by FACS.

The human tumor xenograft model described in Example 3 can be used to evaluate the
anti-cancer activity of NK cells that express non-cleavable CD16a in vivo. Unlike human CD16,
mouse CD16 does not undergo ectodomain shedding upon cell stimulation, and thus determining
the effects of CD16a shedding on NK cell-mediated ADCC cannot be modeled in normal mice.

Table 1 provides a representative set of experimental groupings and treatments.

Table 1. Tumor xenograft model

Group n Treatment#
1 5 No treatment
2 5 OVCAR3 cells only
3 5 OVCAR3 + NK cells/WT-CD16a
4 5 OVCAR3 + NK cells/ WT-CD16a + trastuzumab
5 5 OVCAR3 + NK cells/CD16a™"
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6 5 OVCAR3 + NK cells/ CD16a”"™ + trastuzumab
7 5 OVCAR3 + NK cells/vector only
8 5 OVCAR3 + NK cells/vector + trastuzumab

#Treatment performed at least twice and data pooled.

Tumor growth and/or regression can be monitored weekly by conventional methods
including, for example, bioluminescent imaging, ultrasound, CT, MRI, another imaging
technology, and/or weighing the mice (Woll et al., 2009, Blood 113:6094—6101). Mice also can
be bled (e.g., weekly) to quantify human NK cell survival. The expression and/or cell surface
levels of various effector function markers (e.g., IFNy, CD16a) can be evaluated using
conventional techniques such as, for example, by FACS. Mice can be followed for any suitable
period such as, for example, 60 days. At the time of sacrifice, internal organs (e.g., spleen, liver,
lungs, kidney, and/or ovaries) can be examined for evidence of metastasis (e.g., by
bioluminescence), as previously described (Woll et al., 2009, Blood 113:6094—6101).

Our analyses allow one to define and compare the antibody-dependent cell cytotoxicity
activity and in vivo potency of iPSC-derived NK cells expressing wild-type CD16a versus
CD16a/S197P. Thus, we describe herein a modified form of CD16a, genetically-modified cells
(e.g., NK cells, neutrophils, monocytes, T cells, etc.) that express the modified CD16a, and
methods that involve the genetically-modified cells. For example, NK cells expressing the
modified form of CD16a, CD16a/S197P, exhibit increased anti-ovarian cancer activity due, at
least in part, to reduced susceptibility to ADAM17-mediated shedding upon NK cell stimulation.
This, in turn, increases antibody-dependent cell cytotoxicity activity upon engaging antibody-
tagged cancer cells such as, for example, cancer cells tagged with a therapeutic antibody.
Moreover, antibody recognition by NK cells increases contact stability with tumor cells and
bolsters NK cell activity through other activating receptors, such as NKG2D.

The term “and/or” means one or all of the listed elements or a combination of any two or
more of the listed elements; the terms “comprises” and variations thereof do not have a limiting
meaning where these terms appear in the description and claims; unless otherwise specified, “a,”
“an,” “the,” and “at least one” are used interchangeably and mean one or more than one; and the
recitations of numerical ranges by endpoints include all numbers subsumed within that range

(e.g., 1to Sincludes 1, 1.5, 2, 2.75, 3, 3.80, 4, 5, etc.).
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In the preceding description, particular embodiments may be described in isolation for
clarity. Unless otherwise expressly specified that the features of a particular embodiment are
incompatible with the features of another embodiment, certain embodiments can include a
combination of compatible features described herein in connection with one or more
embodiments.

For any method disclosed herein that includes discrete steps, the steps may be conducted
in any feasible order. And, as appropriate, any combination of two or more steps may be
conducted simultancously.

The present invention is illustrated by the following examples. It is to be understood that
the particular examples, materials, amounts, and procedures are to be interpreted broadly in

accordance with the scope and spirit of the invention as set forth herein.

EXAMPLES

Example 1

Mass spectrometry

Peripheral blood collection from healthy individuals was performed in accordance with
protocols approved by the University of Minnesota Institutional Review Board according to
protocol # 9708M00134. Human neutrophil and NK cell isolation was performed as previously
described (Wang et al., 2013, Biochim Biophys Acta. 1833:680-685; Long et al., 2010, J Leukoc
Biol. 87:1097-1101; Long et al., 2012, J Leukoc Biol. 92:667-672). Enriched neutrophils or NK
cells (1 x 107/ml in PBS; Mediatech, Inc. Manassas, VA) were activated with PMA (15 ng/ml or
50 ng/ml, respectively; Sigma-Aldrich, St. Louis, MO) for 30 minutes at 37°C. Cell supernatants
were filtered (0.45 pm pore size) and CD16 was immunoprecipitated using the mAb 3GS8
(BioLegend, Inc., San Diego, CA) and the Pierce direct immunopreciptation kit (Thermo Fisher
Scientific, Rockford, IL), according to the manufacturer’s instructions. Purified CD16 was
deglycosylated by chitin binding domain-tagged Remove-iT PNGase F (New England BioLabs,
Inc., Ipswich, MA), according to the manufacturer’s instructions. Briefly, 10-20ug of purified
CD16 was denatured in the presence of 40 mM DTT at 55°C for 10 minutes and then incubated
with 3 pl of REMOVE-IT PNGase F (New England BioLabs, inc., Ipswich, MA) at 37°C for one

hour. REMOVE-IT PNGase F was then removed from the reaction using chitin magnetic beads.
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CD16 was subjected to SDS-PAGE and gel bands corresponding to soluble CD16 were
detected by a krypton fluorescent protein stain (Thermo Fisher Scientific, Rockford, IL), verified
by CD16 immunoblot analysis of adjacent lanes in the same gel, and were then excised and
subjected to standard in-gel digestion with trypsin. Digested peptides extracted from the gel were
dried down and reconstituted for liquid chromatography-mass spectrometry analysis in
98:2:0.01, water:acetonitrile:formic acid and <1 ug aliquots were analyzed by mass spectrometry
(VELOS ORBITRAP, Thermo Fisher Scientific, Rockford, IL) in a data dependent scan mode,
as described previously (Lin-Moshier et al., 2013, J Biol Chem. 288:355-367). Database secarches
were performed with Protein Pilot 4.5 (AB Sciex, Framingham, MA), which uses the Paragon
scoring algorithm (Shilov et al., 2007, Mol Cell Proteomics 6:1638-1655), against the NCBI
reference sequence Homo sapiens protein FASTA database to which the contaminant database
(thegpm.org/cRAP/index,109 proteins) was appended. Search parameters were: cysteine
iodoacetamide; trypsin; instrument Orbi MS (1-3ppm) Orbi MS/MS; biological modifications ID
focus, which includes asparagine deamidation; a thorough search effort; and False Discovery

Rate analysis (with reversed database).

Generation of cDNA expression constructs

CD16b occurs as two allelic variants termed NA1 and NA2, differing by four amino
acids in the N-terminal portion of its extracellular region. Both allelic variants of CD16b are
cleaved with similar efficiency by ADAM17. For this study, we examined only the NA1 variant.
There are also two allelic variants of CD16a that have either a valine or phenylalanine residue at
position 176. These two allelic variants of CD16a were cleaved with similar efficiency by
ADAMI17. For this study, we examined only the valine allelic variant CD16a.

CD16a and CD16b were amplified from human leukocyte cDNA, separately cloned into
the pcDNA3.1 plasmid (Invitrogen, Carlsbad, CA) at the BamHI and EcoRI restriction enzyme
sites as previously described (Wang et al., 2013, Biochim Biophys Acta. 1833:680-685; Dong et
al., 2014, Arthritis Rheumatol. 66:1291-1299). The constructs were then subjected to Quik-
Change Site-directed Mutagenesis (Agilent Technologies, Santa Clara, CA) according to the
manufacturer’s instructions to convert the serine at position 197 to a proline in CD16a and
CD16b. All constructs were sequenced to confirm the presence of the intended mutation and the

absence of any spontaneous mutations.
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The CD16a cDNA was subsequently cloned into the bi-cistronic retroviral expression
vector pPBMN-IRES-EGFP, provided by Dr. G. Nolan (Stanford University, Stanford, CA), at the
BamHI and EcoRI restriction enzyme sites. The CD16a constructs were also cloned into a
bicistronic Sleeping Beauty transposon plasmid (pKT2-IRES-GFP:zeo) as previously described
(Wilber et al., 2007, Stem Cells 25:2919-2927; Tian et al., 2009, Stem Cells 27:2675-2685).
Briefly, wild-type CD16a and CD16a/S197P were PCR amplified using the primers: 5'-CCG
GAA TTC CAG TGT GGC ATC ATG TGG CAG CTG CTC-3' (sense, SEQ ID NO:XX) and
5'-CCG GAA TTC TCA TTT GTC TTG AGG GTC CTT TCT-3' (antisense, SEQ ID NO:YY).
EcoRI sites are underlined. The EcoRI-digested CD16a and CD16a/S197P PCR fragments were
separately cloned into pKT2-IRES-GFP:zeo. Correct CD16a orientation and sequence were
confirmed by PCR and sequencing analyses. We have previously cloned full-length human L-
selectin (CD62L) cDNA (Fechan et al., 1996, J Biol Chem. 271:7019-7024; Matala et al., 2001, J
Immunol. 167:1617-1623), which was transferred to the pcDNA3.1 vector at the restriction
enzyme site Xbal. Full-length human FcRy cDNA was cloned as previously described (Dong et
al., 2014, Arthritis Rheumatol. 66:1291-1299), with the modification that a pcDNA3.1 vector

was used.

Generation of cell lines expressing recombinant L-selectin, CD16a, and CD16b

HEK293 cells (a human embryonic kidney cell line) and NK92 cells (a human NK cell
line) (ATCC, Manassas, VA) were cultured according to the depository’s instructions. HEK293
cells were transiently transfected with pcDNA3.1 with or without CD16b, CD16b/S197P, and/or
L-selectin using Lipofectamine 2000 (Invitrogen, Carlsbad, CA) according to the manufacturer’s
instructions. HEK293 cells stably expressing human FcRy were transiently transfected with
pcDNA3.1 with or without CD16a or CD16a/S197P by the same approach. NK92 cells were
stably transduced with pPBMN-IRES-EGFP with or without CD16a or CD16a/S197P by
retrovirus generation and infection procedures described previously (Matala et al., 2001, J
Immunol. 167:1617-1623; Walcheck et al., 2003, J Leukoc Biol. 74:389-394; Wang et al., 2009,
J Immunol. 182:2449-2457). Construct expression was assessed by EGFP fluorescence and
CD16 staining, as determined by flow cytometry. Human iPSCs (UCBiPS7, derived from
umbilical cord blood CD34 cells) were maintained on mouse embryonic fibroblasts (Knorr et al.,

2013, Stem Cells Transl Med. 2:274-283; Ni et al., 2014, Stem Cells 32:1021-1031). Stable
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expression of CD16a or CD16a/S197P was performed using a Sleeping Beauty transposon
system as previously described (Wilber et al., 2007, Stem Cells 25:2919-2927; Tian et al., 2009,
Stem Cells 27:2675-2685). Briefly, iPSCs were nucleofected with pKT2-IRES-GFP:zeo in
combination with transposase DNA in nucleofector solution V (Lonza Inc., Gaithersburg, MD)
using program setting B16. Nucleofected cells were immediately suspended in iPSC growth

medium containing zeocin (50 pg/ml) and seeded onto mouse embryonic fibroblasts.

NK cell derivation from CD16a-hESC and CD16a-iPSC cells

Hematopoietic differentiation of hESCs and iPSCs was performed as previously
described (Ng et al., 2005, Blood 106: 1601-1603; Ng et al., 2008, Nat Protoc 3:768-776; Le
Garff-Tavernier et al., 2010, Aging Cell 9: 527-535). Briefly, 3000 single cells were seeded per
well of 96-well round bottom plates in BPEL media with stem cell factor (SCF, 40 ng/ml),
vascular endothelial growth factor (VEGF, 20 ng/ml) and bone morphogenic protein 4 (BMP4,
20 ng/ml). BPEL media contained Iscove’s Modified Dulbecco’s Medium (IMDM, 86 ml,
Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA), F12 Nutrient Mixture with Glutmax I
(86 mL, Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA), 10% deionized Bovine
Serum Albumin (BSA, 5 ml, Sigma-Aldrich, St. Louis, MO), 5% Polyvinyl alcohol (10 ml,
Sigma-Aldrich, St. Louis, MO), linolenic acid (20 ul of 1 gm/ml solution, Sigma-Aldrich, St.
Louis, MO), linoleic acid (20 ul of 1 gm/ml solution, Sigma), SYNTHECOL 500x solution
(Sigma-Aldrich, St. Louis, MO), a-monothioglyceral (3.9 ul/100 ml, Sigma-Aldrich, St. Louis,
MO), Protein-free hybridoma mix II (Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA),
ascorbic acid (5 mg/ml, Sigma), GLUTAMAX I (Invitrogen, Thermo Fisher Scientific, Inc.,
Waltham. MA), Insulin-transferrin-selenium 100x solution (Invitrogen, Thermo Fisher
Scientific, Inc., Waltham. MA), Penicillin/streptomycin (Invitrogen, Thermo Fisher Scientific,
Inc., Waltham. MA).

At day 11 of hematopoietic differentiation, spin embryoid bodies were directly
transferred into 24-well plates with or without EL08-1D2 stromal cells in NK media supplied
with cytokines (Le Garft-Tavernier et al., 2010, Aging Cell 9:527-535). After 4-5 weeks of
culture, single cell suspensions were stained with APC-, PE-, FITC- and PerCP-cy5.5-coupled
IgG or specific antibodies against human blood surface antigens: CD45-PE, CD56-APC, CD56-
PE, CD16-PerCP-cy5.5, NKG2D-PE, NKp44-PE, NKp46-PE, CD158b-FITC, CD158¢1/2-FITC
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(BD Pharmingen, San Jose, CA), CD158a/h-PE and CD158i-PE (Beckman Coulter, Inc.,
Pasadena, CA). Antibody stains were assessed by flow cytometry.

Cell stimulation

HEK293 and NK92 cells in RPMI 1640 media (Mediatech, Inc., Manassas, VA) were
activated with 15 ng/ml and 100 ng/ml, respectively, PMA for 30 minutes at 37°C. NK92 cells
were activated with IL-12 (PeproTech Inc, Rocky Hill, NJ) and IL-18 (R&D Systems, Inc.,
Minneapolis, MN) at 100 ng/ml and 400 ng/ml, respectively, for the indicated time points. NK92
cell activation through CD16a was mediated by their incubation with the CD20-positive
Burkitt’s lymphoma cell line Raji (ATCC, grown according to the depository’s instructions) (1:1
ratio) treated with the anti-CD20 mAb rituximab (1 pg/ml) (Genentech, Inc., South San
Francisco, CA), as described previously (Romee et al., 2013, Blood 121:3599-3608). Excess
rituximab was removed by washing the Raji cells. In some experiments, NK92 cells were pre-
incubated for 30 minutes with the selective ADAMI17 inhibitor BMS566394 (5 uM) (Bristol-
Myers Squibb Company, Princeton, NJ). NK cells derived from iPSCs were stimulated with the
human erythroleukemic cell line K562 (ATCC, grown according to the depository’s
instructions), as previously described (Romee et al., 2013, Blood 121:3599-3608). Briefly, iPSC-
derived NK cells were incubated with K562 target cells (2:1 ratio) for four hours at 37°C.

Antibody binding assay

Cell binding to monomeric human IgG and IgA (Sigma-Aldrich, St. Louis, MO) was
performed as previously described with some modifications (Dong et al., 2014, Arthritis
Rheumatol. 66:1291-1299). NK92 parent cells or transduced cells expressing CD16a or
CD16a/S197P at 5 x 10°/ml in PBS were incubated with IgG or IgA at the indicated
concentrations in triplicate for one hour at 4°C. The cells were extensively washed and incubated
with APC-conjugated donkey anti-human Fc (heavy and light chain) antibody (Jackson
Immunoresearch, West Grove, PA) according to the manufacturer’s instructions. The cells were

washed and then immediately analyzed by flow cytometry.
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Flow cytometry and ELISA

For cell staining, nonspecific antibody binding sites were blocked and cells were stained
with the indicated antibodies and examined by flow cytometry, as previously described (Wang et
al., 2013, Biochim Biophys Acta. 1833:680-685; Romee et al., 2013, Blood 121:3599-3608).
Flow cytometric analysis was performed on FACSCanto and LS RII instruments (BD
Biosciences, San Jose, CA). Human CD16 was detected by the mAbs 3G8 (BioLegend, Inc., San
Diego, CA) and DJ130c (Santa Cruz Biotech, Santa Cruz, CA). CD107a was detected by the
mADb H4A3 (Biolegend, Inc., San Diego, CA). ADAMI17 was detected by the mAbs M220
(Doedens et al., 2000, J Biol Chem. 275:14598-14607), 111633, and 111623 (R&D Systems,
Inc., Minneapolis, MN). Human L-selectin was detected by the mAb LAM1-116 (Ancell Corp.,
Stillwater, MN). Isotype-matched negative control mAbs were used to evaluate levels of
nonspecific staining. The CD16 ELISA was performed by a custom cytometric bead assay, as

previously described (Wang et al., 2013, Biochim Biophys Acta. 1833:680-685).

Statistical analysis
Statistical analysis was performed using Prism software (GraphPad, San Diego, CA)
using ANOVA and student’s t test where appropriate. A p value of < 0.05 was considered

significant.

Example 2
Comparison of NK cells expressing equivalent levels of WT CD16a and CD16a

(CD16a/S197P)

197P

Expression levels of the CD16 constructs are matched by FACS sorting based on GFP
expression (as done for NK92 cells described above, FIG. 2), which occurs in a proportional
manner to the CD16 constructs. Matched CD16a levels are verified by FACS for all assays. As a
control, iPSC-derived NK cells modified with empty Sleeping Beauty transposon vector
(expressing only GFP) are evaluated. iPSC-derived NK cells express low levels of endogenous
CD16a (data not shown). NK cell cytotoxicity against HER2-expressing ovarian cancer cells is
assessed by a standard chromium release assay in the presence or absence of trastuzumab.
Antibody-dependent cell cytotoxicity with non-chromium labeled ovarian cancer cells is also

performed. NK cell production of cytokines (e.g., IFNy, TNFa) and soluble levels of CD16a are
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evaluated by ELISA. Cell surface levels of CD16a and other activation markers (e.g., CD107a,
CD62L) are evaluated by FACS.

Example 3

Human tumor xenograft model for testing whether iPSC-derived NK cells expressing CD16a'"""
(CD16a/S197P) have increased in vivo anti-ovarian cancer activity in the presence of
trastuzumab.

A xenograft model using NOD/SCID/yc”” (NSG) mice and human ovarian cancer cell
lines stably engineered to express firefly luciferase for bioluminescent imaging (Geller et al.,
2013, Cytotherapy 15:1297-1306) is used to test intraperitoneal (ip) delivery of NK cell activity
against ovarian cancer cells. The OVCAR3 ovarian cancer cell line, which over-expresses
HER2, is used as the in vivo target (Hellstrom et al., 2001, Cancer Res 61:2420-2423).
Sublethally-irradiated (225 ¢cGY) NSG female mice are injected intraperitoneally with OVCAR3
(2 x 10° cells) generated to express luciferase for bioluminescent imaging to quantify tumor
growth or regression (Geller et al., 2013, Cytotherapy 15:1297-1306). Tumors are allowed to
grow for seven days before the mice get a single intraperitoneal injection of 20 x 10° NK cells.
Mice are then given IL-2 (5 pg/mouse) every other day for four weeks as previously described
(Woll et al., 2009, Blood 113: 6094-6101) to promote in vivo survival of NK cells. Trastuzumab
is administered at a dose of 50 pg intraperitoneally once weekly for four weeks, a previously
used dose in this model (Warburton et al., 2004, Clinical cancer research 10:2512-2524). The in
vivo potency of iPSC-derived NK cells expressing equivalent levels of WT CD16 or CD16a'""
(CDa6a/S197P) are compared. Controls include iPSC-derived NK cells expressing GFP alone
(vector only), and a cohort of mice receiving ovarian cancer cells only. All mice get the same IL-
2 treatment.

Tumor growth/regression are monitored weekly by bioluminescent imaging and weighing
the mice, as previously described (Woll et al., 2009, Blood 113: 6094-6101). Mice are also bled
weekly to quantify human NK cell survival. The expression/cell surface levels of various effector
function markers (e.g., IFNy, CD16a) are evaluated by FACS. Mice are followed for ~60 days.
At the time of sacrifice, internal organs (spleen, liver, lungs, kidney, and ovaries) are examined
by bioluminescence for evidence of metastasis, as previously described (Woll et al., 2009, Blood

113: 6094-6101).
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EXEMPLARY EMBODIMENTS

Embodiment 1. A cell genetically modified to express a CD16 polypeptide that comprises
a membrane proximal region and an amino acid modification in the membrane proximal region.

Embodiment 2. A cell comprising:

a polynucleotide that encodes a CD16 polypeptide that comprises a membrane proximal
region and an amino acid modification in the membrane proximal region.

Embodiment 3. The cell of Embodiment 1 or Embodiment 2 wherein the amino acid
medication reflects an addition of one or more amino acids, a deletion of one or more amino
acids, or a substitution of one or more amino acids compared to the wild-type amino acid
sequence of the CD16 membrane proximal region.

Embodiment 4. The cell of Embodiment 3 wherein the substitution of one or more amino
acids comprises a substitution of the serine residue at position 197 of SEQ ID NO:1.

Embodiment 5. The cell of any preceding Embodiment wherein the cell is a Natural
Killer (NK) cell.

Embodiment 6. The cell of any preceding Embodiment wherein the cell is a neutrophil.

Embodiment 7. The cell of any preceding Embodiment wherein the cell is a monocyte.

Embodiment 8. The cell of any preceding Embodiment wherein the modified CD16
polypeptide exhibits reduced susceptibility to ADAM17-mediated shedding compared to a wild-
type CD16 polypeptide.

Embodiment 9. The cell of any preceding Embodiment wherein the modified CD16
polypeptide exhibits reduced susceptibility to cleavage upon NK cell stimulation compared to a
wild-type CD16 polypeptide.

Embodiment 10. A method comprising administering to a patient in need of such
treatment a therapy that comprises:

administering to the patient a therapeutic NK effector; and
administering to the patient the cell of any one of claims 1-9.

Embodiment 11. The method of Embodiment 10 wherein the therapeutic NK effector
comprises a therapeutic agent.

Embodiment 12. The method of Embodiment 11 wherein the therapeutic agent

specifically recognizes a tumor antigen.
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Embodiment 13. The method of Embodiment 12 wherein the therapeutic agent comprises
an antibody or an antibody fragment that specifically recognizes the tumor antigen.

Embodiment 14. The method of Embodiment 13 wherein the tumor antigen comprises
HER2.

Embodiment 15. The method of Embodiment 13 or Embodiment 14 wherein the antibody
comprises trastuzumab or rituximab.

Embodiment 16. The method of Embodiment 10 wherein the therapeutic NK effector
comprises a bi-specific killer engager (BiKE)

Embodiment 17. The method of Embodiment 16 wherein the BiKE comprises a
CD16xCD33 BiKE, a CD16xCD19 BiKE, or a CD16xEP-CAM BiKE.

Embodiment 18. The method of Embodiment 10 wherein the therapeutic NK effector
comprises a tri-specific killer cell engager (TriKE).

Embodiment 19. The method of any one of Embodiments 11 or 16-18 wherein the
therapeutic agent specifically recognizes a viral target.

Embodiment 20. A method for improving therapy to a patient that includes administering
to the patient a therapeutic NK effector, the method comprising:

administering to the patient the cell of any one of claims 1-9.

The complete disclosure of all patents, patent applications, and publications, and
electronically available material (including, for instance, nucleotide sequence submissions in,
¢.g., GenBank and RefSeq, and amino acid sequence submissions in, ¢.g., SwissProt, PIR, PRF,
PDB, and translations from annotated coding regions in GenBank and RefSeq) cited herein are
incorporated by reference in their entirety. In the event that any inconsistency exists between the
disclosure of the present application and the disclosure(s) of any document incorporated herein
by reference, the disclosure of the present application shall govern. The foregoing detailed
description and examples have been given for clarity of understanding only. No unnecessary
limitations are to be understood therefrom. The invention is not limited to the exact details
shown and described, for variations obvious to one skilled in the art will be included within the
invention defined by the claims.

Unless otherwise indicated, all numbers expressing quantities of components,

molecular weights, and so forth used in the specification and claims are to be understood as
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being modified in all instances by the term “about.” Accordingly, unless otherwise indicated
to the contrary, the numerical parameters set forth in the specification and claims are
approximations that may vary depending upon the desired properties sought to be obtained
by the present invention. At the very least, and not as an attempt to limit the doctrine of
equivalents to the scope of the claims, each numerical parameter should at least be construed
in light of the number of reported significant digits and by applying ordinary rounding
techniques.

Notwithstanding that the numerical ranges and parameters setting forth the broad
scope of the invention are approximations, the numerical values set forth in the specific
examples are reported as precisely as possible. All numerical values, however, inherently
contain a range necessarily resulting from the standard deviation found in their respective
testing measurements.

All headings are for the convenience of the reader and should not be used to limit the

meaning of the text that follows the heading, unless so specified.
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What is claimed is:

1. A cell genetically modified to express a CD16 polypeptide that comprises a membrane

proximal region and an amino acid modification in the membrane proximal region.

2. A cell comprising;:
a polynucleotide that encodes a CD16 polypeptide that comprises a membrane proximal

region and an amino acid modification in the membrane proximal region.

3. The cell of claim 1 or claim 2 wherein the amino acid medication reflects an addition of
one or more amino acids, a deletion of one or more amino acids, or a substitution of one or more
amino acids compared to the wild-type amino acid sequence of the CD 16 membrane proximal

region.

4. The cell of claim 3 wherein the substitution of one or more amino acids comprises a

substitution of the serine residue at position 197 of SEQ ID NO:1.

5. The cell of claim 1 or claim 2 wherein the cell is a Natural Killer (NK) cell.
6. The cell of claim 1 or claim 2 wherein the cell is a neutrophil.
7. The cell of claim 1 or claim 2 wherein the cell is a monocyte.

8. The cell of claim 1 or claim 2 wherein the modified CD16 polypeptide exhibits reduced
susceptibility to ADAM17-mediated shedding compared to a wild-type CD16 polypeptide.

9. The cell of claim 1 or claim 2 wherein the modified CD16 polypeptide exhibits reduced
susceptibility to cleavage upon NK cell stimulation compared to a wild-type CD16 polypeptide.

10. A method comprising:

administering to a patient in need of such treatment a therapy that comprises:
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administering to the patient a therapeutic NK effector; and

administering to the patient the cell of claim 1 or claim 2.

11.  The method of claim 10 wherein the therapeutic NK effector comprises a therapeutic

agent.

12.  The method of claim 11 wherein the therapeutic agent specifically recognizes a tumor

antigen.

13.  The method of claim 12 wherein the therapeutic agent comprises an antibody or an

antibody fragment that specifically recognizes the tumor antigen.

14.  The method of claim 13 wherein the tumor antigen comprises HER2.

15.  The method of claim 13 or claim 14 wherein the antibody comprises trastuzumab or

rituximab.

16.  The method of claim 10 wherein the therapeutic NK effector comprises a bi-specific

killer engager (BiKE)

17.  The method of claim 16 wherein the BiKE comprises a CD16xCD33 BiKE, a
CD16xCD19 BIKE, or a CD16xEP-CAM BiIKE.

18. The method of claim 10 wherein the therapeutic NK effector comprises a tri-specific

killer cell engager (TriKE).

19.  The method of claim 11 wherein the therapeutic agent specifically recognizes a viral
target.
20. A method for improving therapy to a patient that includes administering to the patient a

therapeutic NK effector, the method comprising:
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administering to the patient the cell of claim 1 or claim 2.
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S B, 15 WAL 0] DX R s B I ) 2 B PR AB A I CD 16 22 IR 2 A% H IR -

3 BRI LR 1 BUACR] 2R 210 A, e ik B PR B 11 (med i cation) B 5CD16 T
X 2y A= T PR 7 SR — AN ER 2 AN BRI I — AN e AN 2 BRI B2k, B — A
BN B e

4. BUORESR3H A0, o pirik — AN a2 N2 R ) B # B A5 SEQ ID NO: L 197ALHY
22 R A ) B

5. AR ZEK BB R 21 A, Forb plrak 40 iy B 28 %A% (NK) 48 .

6 . AR EESK LSRR 21K 40, FE b i 20 B g wh Mk 28

7 AR EER TEUBOR 2R 21 40, Forb Bk 40 i 9 PR Az 4.

8 UM EL SR 1 BAUR] 2 5R 21 41 i, e v 5 B A= B CD16 22 BRAHEL BTl A2 11 (1) CD16 22 Ik Y
TR NIRRT ADAML7 A7 5 140 Mo ¥ 1) R0 o

9 AR LR 1 BAUR] 2R 21 4H i, e v 15 B A2 B CD16 22 IR AHEL BT A2 11 (1) CD16 22 Ik i
TSR IN PR S NK 2 Pt e %) D70 380 ) s o

10. —HJ57%, A4

25T e EEIX PP AL B AR RS LR BVR YT

25T BB B VR T ENK A S 5 i

25T I S BRI B R L BBUR] 2R 20 41 .

L1 AUMIZER 100 777% , Fod A 1697 ENK R ) A4 18 97 7] o

12 AUMIBER 1T T79% , Fedr i 1697 700 S P R0 P Bt 52

L3 AR E R 1210 771 , Forh Frad ¥6 97 70 A3 4 e P AR ) BT 38 ek e 70 DR ) Ak b A
F B

14 BURIEER 1311 7715 , Horh i g $i 7 AL F5 HER2 .

15 AR R I3 EAUR] 22 3R 141 77 7% , Hodh Frid HiAs (045 il % 5470 (tras tuzumab) B A
Z-E L (rituximab) .

16. BURIE R 10/ J7 7%, Hord BT iR v6 I 1 NK RN ) 60 36 XURs S M R A ek (bi-
specific killer engager, BiKE) .

17. BURIZER 16077, Kb Brid BiKEAL#5CD16 X CD33 BiKE.CD16 X CD19 BiKEHL
CD16 X EP—CAM BiKE.

18. BRI ER 10/ 5%, Horb BT i ¥6 77 T NKSSON 4 60 45 = 4 57 2% 405 400 e 7 4 1
(tri—specific killer cell engager, TriKE).

19 AUMIER 1T 795, Hodr fri 1697 1 S PR R0 R 2R 4

20. FT B0 B BV IT B 7, IR 1697 345 T BTk g 697 VENK RS A, ik
T iEALEE

25T FTIR R BRI B SR BRI SR 210 BT iR 41 i
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SR 2 T 2 MOERICD16RY Z B ZREE AN TS 3

[0001]  SAHOCHIERIAZ X 51 H

A ELSRT20144F-3 A28 H 242 1 36 E IR B & R H i /7 51%5:61/971, 996 (1 4 e A
Frid H i a5 45 & A+,
[0002]  Jx BHMEIA

ANTFF N — MR B 2R CD16 , RIEB M HICD 16 s AR S 1 A 4, AN I
T AL A PR 40 PR 7732 o PR AB M T 2 R CD 16 AT S5 7 389 0 47 e AN/ B 30 P, IX &
ARy 2 TRk P K NK 2 B SR T 4 i B A D B T R A
[0003]  [K[ Ik, £ — /N THT , AN T P28 0 40 35 AR A8 A4 DL 302k EL A S () DX AR s 3 4] [
H R LR BRI CD16 2 BRI 41 -
[0004] 7 55— /N5 T, A A P 2548 3 60 55 Ym0 2 A S A DX A0 S ) X A (1) S L iR 15
TR CD16 2 JTK I 22 A% H R 1 40
[0005]  FEAFAR]—ANJ5 T , Bk E FEBR 25 (medication) Sz e 55 CD 16T I [X B A 7Y 42 Ik
R 7 AL — AN 2 AN BRI — NN R R BRI ER , 5 — AN AN R
B AR T R — e, — AN EZ AN E IR P B AFESEQ 1D NO: L 197AL) 22
RAPRTRIE ) B o
[0006]  FEATAR—ANJ7 1] A AT A H AR (NK) 0B A PR 4 B | SR A% 40 B B T4 Y .
[0007]  FEATAR—ANT7 1, 587 A AU CD16 2 K AH L AZ 1 1) CD16 22 K 2. 7~ /)N () XTADAML 741
I MV P RO A
[0008]  FEAEART—ANT7 AT, 5 B AE RICD L 22 RAH LE AB A T CD 16 22 I I 77 gk /) P %o NK 48 i )
IS 1 DI R
[0009] £ 55 —/NJTTH AN T P B AIR — M b Je o T 75 BEIX Fh AL B B AL FE DL R
BITHI T (@) 25T BB IEITYENKE S, A1 (b) 45T B3 b SOMEIA B 3ot 4 15 1 240 i 1)
AR AAT S it 77 5%
[0010]  7E—ULsifii 7 &, W67 TENK A S B0 H5 V6 97 71 o 75X L8 ST 7 S8 — i VAT
FUTTELFEPUIAR , BB IT MU Fr B 7RI RS 5 R (1) — e, Prik sl bk i By S d TR
R tEgh & AR e ST S, bk el i Be S I b s R Rt S .
[0011]  7E—esijfs 7 S H , ¥6 97 7 AT AL FE XURE 5 M R A3 e B A (BIKE) B =4 S M 2R 473 48
Mg Ee4k (TrikE) .
[0012]  {E X —ANJ7TH, AN FF A S T 208 ) i W a8 697 0 i, e prid e
PEIRIT U 25 T BB 1R T VENKRL N A — b BT iR iR B G E— D25 7 3 SO i a8t
FEAG i 24 R PRI AT AT SE2 it 7 6
[0013] A BH LA R AN B A 1 IR AR 2 BH 1) B — A FF I S it 7 8 B — S B B i 11
Tt B 5 LA A5 s U0 B 1 ) S T R AR N W B A AL E L 48 5 E I ST B B3R
PR, I e st 45 v DA CAAS R A A 3 o AR A S L T 5 BUR 1 B3R A FIEAR SR PERE A,
I HA PR N HEAR I 712
[0014]  [ff & fiij ik
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BI1. ACD169 BB AN I BN 5T HI A7 B o () MPMA-¥5 A6 ANKZH A Bk, 14 3z 40 A F 441
b 37 VR S 95 L R T ECD 16 1 Bl A T B IIK (tryptic peptides) &2 il i 4w T
YA ELA I JBE 25 1 I C A ity 1Y) 1 A P K = 1A SR 1 NK A B s () T ¥ 1 CD 16 (Bk# L, A2
) L 34N SR R R B R AT VA ECDL6  (BkH2, 22 T s Bk#3, A5 b Ffk#4, 45 F) . (B)
fk#1-4 ChnFRIZ:M) LL K% CD16a (SEQ ID NO:1) FICD16b (SEQ ID NO:2) Hff & VI EIr A
(F73k) ML o BT % B MK AR FR 176X /rCD16a (F) 5CD16b (V) c& LM 1-1648/~
CD16aMICD16bH FLM{E 5 /7 51 . Z LR 210-229F8 7~ CD1 6a ) #5 L [X I3k . MR 4 5 MWAE 5
J7 30 A 1) R R B T4 - CD16a FICD16b 1) S 24 R JF 41 43 73 5K I NCB1 225 7 F1INM_000569 . 6
FINM_000570.4.

[0015]  [&]2. CD16ME AN YA D) E X 8 12 TR SUE 1) 22 TR - 197 2 i 2R AT IR 7
E I .CD16aFICD16bii i ADAML71E B AN [X. P 28 52 il 7Sk 5t 7% A B B 110 o Bl 01X P 1)
CD16 V)& X 3 F 5 0t 73 A1 , FL R R B R I 3T 1) = AN AN R B DB 55 (873K o AT 58 2R
AZLAKCD16 (SEQ ID NO:1fEIEER190-202) ) 2 i -197 B ¥ A il % /R (CD16/
S197P) .

[0016] 3. & TREHUERIS197PRAEXFCD16aFICD16b 7% i VE H - 74 YL HEK293 (AR
') 4 LA AR AL, 7K S 23 ) 24 CD16b FICD16b/S197P  (A) B{CD16a1CD16a/S197P (B) , Ul
T A B AR BT 1 CZE TR AR) o FHECAS FHPMAAREE (15 ng/m17E37 CHEEE304 %) AN
6] % Yo ¥ R IB T ELTSASE B 15 78 38 B TR R I CD 16 A MK T AR) o X6 T4 — 52
5, AR IR B AR =AML S5 A TR BOR T HME £ SD. S it B
TR N*xxP<0.001, (C) FYLHIHEK293 40 My RIAL -k # 2 (CD62L) BRL-1E#Z FICD16b/
S197P. % Y ML YL 4l iy L% 52 FCD16b/S197P K] 2 11 7K ~F-fd FH i =X 40 i A &
(A 7HE) AEPMAFEBANAZAE 37T CiE B RIAL-IE B KB LiE 2 FAICD16b/S197P ) % Y
T3040 B, FFME LB FER RO R E MFTD)  GRIEED) 0 T4 — 288, & — 43
A EE IR BAR AR AL KL BoRFIE = SD. Giih B 35 PR R 8 Jy*P<
0.05. % THra BT, x—Hll = Log 10%06,y-Hll = A% H .

[0017] K4, £ TR A S197P AR SNK SR A 1 CD16aii % A AF FH o AS ] (Unstim.) B8
PMA (100 ng/ml) 37°CAbFE = #iAk (X #i44) \CD16amiCD16a/S197PF; F[FINKI24H I 3043
Bl (A) , FHIL-12F11L-18 (4331100 ng/ml1F1400 ng/ml) 37°CAabFE24/NEF (B) , 8% FHRa ji 4
i AR 2 5 BT 37 C AL EE60 4> £ (C) - CD16alt 4 iy 2 i /K ~F i ek =X 4l B AR I w2 - i 26 F
71~ (5] A ) T e ) B 1 ot FR A ety . (D) ZEADAM1 740171]57BMS566394 (5 M) 77 (E B A AEAE
N FHIRa j 1 4 H AN A 228 B 137 °C b 3H 3% AKNKO2 4 i A1 3 CD16a8k CD16a/S197PHI i S 41
160738 o A ¥ 14 CD16a/K Il ELTSAM 5 o B —Ab B 4541 FE 2 =0k, B AR = AN phar sk
5 % WERRFIME £ SD. it B E R IR ##P<0.001, (E) FKiACD16asiCD16a/
S197PHINKO24H il FH#i—ADAM17 mAbs M220.623 6335k [&] F74 UT B (1) 5 1 o FE Hi i e o, 4
FrdsBA) . (F) MBI 5 1PSCs  (ZeMlTiAR) B3R A E 4 CD16amCD16a/S197PH iPSCs
(45 TETAR) AT AEFICD567CDA5" NK4H A 5 BAN S5 K56 288 41 i 737 C I & 4/ X TR B
JTBl x=Hl = Log 10206, y—h = A3 H , I HEFRAR 20375058 .

[0018]  [X]5. £ TAEMG&EIS19TPIEAZXFCD16a T fEMIME FH o (A) LAAHZE /K 2 IACD16a 8k
CD16a/S197PHINKO2ZH s F &4k A TgG (0-20 wg/ml) AbFE (ZeMITHIAR) o 1F Xt R, 44 o b A

4
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FARNTIgA (20 ng/ml) AbFEFF TG (20 ng/ml) ALFENKI2EALAM (5%) Bk g &l id it
AN AR E , Gobd L5 5 1 R B R i 6 LB R 2 /0 = AN BOMSIG I~ F32{E = SD.
FXTTIgG (0 ng/ml) TgAENNKO2SEALHM + TgG, Sttt &1 % n N*P<0.05. (B) 7E
Ra ji A AAFEAE (Unstim.) BUAEAE T FHEA HPICD20 F)Z & Hy137 C it B B S 1)
NK924H fifl 5} % 1A CD16a8k.CD16a/S197PKINKO24H it 1A 31|45 7E A I 8] 25 - NKO2 2 fu 3% A4 38 1 97
AR CDI0Ta e i EIRPEAL X T BT, x-5l = Log 10%%,y-4h = 4l H .
AR E D3PI 5L
[0019] i B PE St 7 SR IR

KNTFN B — RS 1 T I CD16a, F ik 1B K CD16a ) AL A& 1 K 41 i , A
e S AE B T B0 20 FRL PR T 325 o BT IR A 1 T 2K CD 1 6. A S5 7 438 0 40 o ey AR/ B s 20
XA /DER b T ek RO NK 20 B T 42 i B A D B P R A
[0020] 55 L SR JioRg R AR AR LG , 2E R 22 i 304 (8] B A b i M B B 1) 10 & A7 R L
AR o BEAL, A FTN SR N S AR HE VR TT SR ALK (<20%) M B2 o JRUE BN SR A L R
i [FTHER 23 3R 1A , 75 M 3 O S0 £8 38 v FHBT-HER2 P 4% il 22 B AL ER AN F2 A A PR 110 g 12
X 5% 2 BT HOME AT RE B T AR SR T RONKZN B A S A AR — 0 e 40 i 2 1 1k o (R
AELEXT BHTRIT SIS B V)5 oK IR IR 7 —Fh TG 7 A B SRS 3T iR 12 .
[0021] G (1) — > OV g JI B A5G, JHG w g 4 i e T Dy v FEE AT 4% 1) R AR T A2
R ENK A _E CD16a U1 F AT ek 2D Hidk—HOmi e 40 i 25 14 B M P ia & F AR H T
VBT NS R 1 B 1) YR T i H B L Th ARG o B R T 5 B A (NK) i B Fe y
RITTa/CD16al4ifAAH B 1F FHALE I S MO 40 i 214 05 S R AU 4 N 1gG Fesz ik
CD16 (Fcy RITI) fy # A ] fh B 4H B : CD16a  (Fc y RI1Ta) AICD16b (Fcy RITIb) .CD16afh
H AR A% (NK) 41 f 2328 , CD16b FH A 14 Fr 20 i 3R 08 - NK 41 i 7% A0 J8 ik 1 g AR sk i 7% (8 I
4 8 H I IR ADAML 7 FH R A= 76 230 Joi JEE 11%) B — B A X 3 2 8 /K S A) 1) ol 3 S0 o
CD16[F] A AL 1 R ThI AP PR T 1 (BT 1A) -
[0022] 4 b SRR BB, OF S0 B8 AT REHRPINKZH M 3 1) S v 7 —— BRI, g XENK
M A T PR TT AN U A5 G, ) 598 201 3 3R 3R B AR KR T2 ARHER2 , {H FHYR T Hidk
1 22 PR 20 ) AN (A B PR I PRI B o i i 28 2D 3843 B AT e M A s Bt v i il ——BP
11 K] - % NK 2 P P 3 A, S 00 A B A FH RN/ B8R 92 Vi BT 3 B CD 16 1) B A5 4% B Ak — 4k
S 00 P o R bt L BT B A MV T AR B AT IR R S
[0023]  FRATC 2% FH 52 M 52 CD16a FICD 16 b 1) A7 5 3 A I 40 i 52 2 CD 16 a Al
CD16bH cDNA . LA SE [7) 77 0 R AZ B — cDNALL 175 T3 BN S JE R 2% » 19747 1Y) 22 R A2 A J 2
iz (F1B) - 1% 5 AFBH WrCD16aFICD16b I I, B 1 41 i A i R I o A4 /M7 18 1 NK 21 g
PFLUIEICD16al) RILLERF1X1gG Fe 2 AR 1 =y R R 7K1, 1X 38 9 NK A0 I Va7 Hiddk Dy o mn
FE AR -
[0024]  ADAM17.EA V2 4 M & R4 , (B4 B A v T 1ICD 1 6a Y A7 25 1) £ 1 i /K
fil 3 P51 o BRI, FRATIAE FHLC-MS-MSHl %2 ATE AT N &1 JE I 1 40 B R T i ml i PECD 16 R
() C— it I A7 15 FRATTZECD 1611 LI AN X (CD16a - 5CD16b. [8) AHIF] () X 35%) Wi %% 3|4 A4
) =/MBGE T EIAT A (2, §7 k) R ADAML T2 A UK AN 5 B3 FE 31, P8I X ) —
R AE AR E B R EBEWTCD16a ) E], FATH 2 IR B #: 22 Z R -197 (CD16a'"™) LA 5] AH
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RN

[0025]  FRATIE I AV AL NK A A [ 15 77 25 TE W, 23 T M AR s 200 P 5 7 2 3
G EUTUECD L6 Y sECD L6 VI A7 B . FHPNGaseF AL 4% I (I CD16 DL RS BRN-S8 b , i ok
BT AL, 5 B A B B EAT TS 20T » 5 36 R B R (1 BECu 1) v BAS FE I DU AN AN ]
K% (peptide patterns) (F1A) .

[0026] %o T MG AUNK AR B A 35 7 5 EIE R E SEICDL6, AT EL ] — AN IR , FHRH R
FSEQ 1D NO: IR HZ M- 1742 NAR-195 (Ik#1, KEI1A) .CD16aFICD16bI 5 ik ]
X, B T FE176 2 4h, BA MHIF IR IR FF 51 o 1% 07 B ALK TR R R F 2R CD16a, A7 7E T Jik#
1 (B 1ARIB) o i% k76 TR R R —195/ 4 fE - 1964t Bon AR R A BEPL /P B EIA7 5 (BI1B) .
[0027]  S¥sh—F M ) A i b 40 B 8% 97 2 137 & SRR CDL6, SR AT TR I 1) B A HE i i A i
Cii i) = NASE Bk (k#2-4, B 1AFILB) o fk#25%F B FSEQ ID NO: 2 & L H & R-174%
P2 IR-195, Ike3%f B F-SEQ 1D NO: 2[) 2 8 H AR -1 T4 4 FR 196 , JIk#4 X B T-SEQ
ID NO:2M R R R AW - 180 E T R FR-198. Ik#2 FIK#3E 176 7 & A , KR
CD16b, FEFE N R IR 195/ 402 IR - 196 M4 A MR- 196/ 22 IR —-1974b B /~P1/P1 {7 i (I 1B) »
IRBATE TR R L 198/ S E IR 19940 HAP1/PLU 47 &1 (B1B) JRE KM K B & £ 1
or 20 )R] ECD L6 AT AR , (H AR B 17647 B R LR Ok 4 5 R Ah 8 (I 1B) o TE 8 Wil , &
B S FERR /R ECD16 T [ 55 = NPT EIAL 5 o B, X8 R BIE B CD 16 H 77 78 U0 &1 X 38 i A
FEBNRE D) EIAL R

[0028]  FRATTIE I Ad I 5E 55 S AR HE— 2B B CD 16 A 1) E1] X 45 LA i 5 E 5 T 4 i f 0 5
& 15 A AR CD16aF1CD16b17) %1 o ADAML 74 W] -0 126 75 JR 47 X ek 5 LA A A7 hU A LA FH I
a—RTER B o BB A1, ADAML 7 Y BIAL xR e S5 M 1K 8 1 S AH A A0 R X 7EPL (P2 BP3 1 B
Ab ) R 2 R e 2 A TR O 2 1 o PR R AT T FH I 20 PR S #: CD 162 AICD 1 6b U7 581 X 33 1) 22 24
fg-197 (S197P, i 2+ FrbRBAR) -

[0029] 7 N'B 40l RHEK293 51 43 71| 5 CD16b MICD16b/S197P, i% 4 ffl Z A 2 32k A i 14
CD16.HEK293 %% Y1~ 7E HL 2 T UMLK P #3ACD16baCD16b/S197P  (FI3A) o I HE LHEK293
PR 7K P [ICD16b , 24 FHPMA AL 1B AT TE B i 7K P 3k — 20 36, Gnsd i ELTSA Bl e 1) (B
3A) o FRTMT , A AL PE B PMAKL 2 (¥ HEK 29340 g BT 7= A= ) CD16b/S197P I A] 5 14 7K ~F- 5 CD16bAH
bb 2 25 BRI (B3A) &

[0030]  FRATTIALfdE FHARIE 7V A 1 S197TPRAEXTCD16a V) # (1) /E F - CD16alt) 3 M Kk 75
By B RAREA B AT A AR E KRN v BERTHEK293 40 L L 45 3R 1A MH %5 3R THI /K
“F-CD16a8,CD16a/S197PHIHEK293%% Y1 (K 3B) , AT 5 A< Ak H ATPMA A 35 40 i ) 15 77 &
b E VR AR S AR ATV KT PR S 24 5 CD16a K EL A AR 22 B I8 25 B AR KT Al s v
CD16a/S197P (&3B) »

[0031] 4 T PPAECD167 £ TRE B I S197P IR AR 2 75 vl B PRADAMI 735 ¥ , AT Ti8 FL-i%
B, DA IE R RE QR I ADAMLTJE Y , 5 Y £ ik o B = CD16b/S197PIH)
HEK2934H i o P Fi il Yo 7R IX MK L-IE R 2, TR L& 3 2 /K P/ FIPMAYS AL 5 AH AU
H R (B13C) , IERHS197TPRAS S CD 16 it 74 {H AN 5 M ADAML 73 12 o

[0032] R T VEALS197P AR X NK4H A+ CD16a i ¥ 4 4 A, B AT 148 B ANK 4 Al RNK92
(Gong%E N ,1994, Leukemia 8:652-658) . X L4l fgfh = N IFPECD16alRIE , (HA]FaE R

6
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X FEZHCD16a. FoATTHE SINKO24H i LL 43 5| 75 CD16a FICD16a/S197P . FIPMATE 1k 6 145 125 /K
P S A 1R 24 i e Je e A AR A A A SR [T CD16 7K - . CD16a, 1 {ECD16a/S197P, £
77 440 0 25 TR 220 1K) S T R (4A) o TL-12F0TL-18 g NK 4 i fit) A= B i) sy , L B gk i 4H 4
A% S CD16afiiik . FHIL-12H1TL-184b B (YINK92 4 i i 7~ CD16a 1] JECD16a,/S197PFF H 41 iy
K FIE AL AT T (B4B) o 83iECD16a) 454 TG A B ¥ 2 5 (engagement)
WA S H TR, B AL TR ATTIE I AEHTI-CD20 mAbA 22 B B AT AE BRANTEAE B ¥ A CD16an]
CD16a/S197PHINKI24H i 5CD20FH 1 Burkitt” sk SR 4H M RRa j1 0 & it ok TH 25 . H
)2 BT AL TR ) Ra j 1 200355 S:CD16a1fi JECD16a/S197PHY T i (K40) .

[0033]  BMS566394 9 =yt £ 14 () ADAML 74 il 571 , L E A X T-ADAML7EL X T H B & B H
Pt B v 1) A RE B 2 BMS566394 LA 5 S197P IR AR AL %03 BHL Wi CD16a it 7% , (E 4G AL 1 3=
15CD16a/S197PINKI24H i 1% A Zi 4 M I BE Wi 1 F (E14D) o 1% 28 5 IAE BEADAML 72 7E H A7) %)
X 35 Py V) EICD 1 6alty 32 T2 i 74 B (1 i3t — 20 UE s SR 10 , A 1T BEADAM1 7R 1A /K F7E R 1ACD16a
8 CD16a/S197PINKI2 40 ffl Hh AN AHEE , T B H AN R B 7% o FRAT TR itk FH 22 P4t -ADAML7 mAbs
Yett FRIACD16a8KCD16a/S197PHINK924H A - W 52 21| AH [F] 1) 41 i ZR 11 7K ~F (F4E) &

[0034] 1 i E S197PZRAE X JEARNK i i) CD16a it 74 1/ FH , B AT I4% FH N iPSCs = AR 4
TR S RNK 20 A . TR AT 155 T O 2 3038 M 1 PSCsRT A T RENK 40 A A2 5 41 JE if NK 48 i ) AH
% KnorrZE N ,2013 Stem Cells Transl Med. 2:274-283; NiZE N ,2014, Stem Cells
32:1021-1031) . #CD16aMICD16a/S197P cDNATEE NSleeping Beauty ¥ Be-1 5ok B T4
PRI 4 N FIEE 1 PSCEH i Hh Fa 5 234, TR 1 PSCHH Pl J5 4944 A B SANK 40 it « M AEE 3055 S 11
i PSCAN AT A FINKZH il 2 35 A /K T P IR ECD16a , T 5% S 1 CD16aMICD16a/S197PLA % &
17K P 295 (BEI4AF) o 24 5K562400 A AR LA FH A NKEH 3% ALl i £ Fhaz 4k (L 45BY55/CD160)
KA, SEADAML T4 FICD16a i 7% T AT T K56 241 At )i i PSCHTAE FUNKZH it , & FLCD16a2t
J77 55 T A i 36 T 7638 TS 3, TTCD16a/S197PHY Rk e fa & (KI4F) .

[0035] PN AIELZHCD16a R A W HISEN T LG & Bk TG, 9 T R & S197TPRAEXICD16a
IRe e, FATEE 8CD16aF1CD16a/S197PHI 1G4 & RE 17 . LA AHZE /K °F- & 1A CD16am,
CD16a/S197PHINKO24H il LA AHABAR) 771 AR i 77 & 5 1gG (EI5A) o X HE 45 1|3 IACD16a
8 CD16a/S197PHINKO24H H 1) T g AR 25 & BINKO2 25 A ZH M (1) TgGEH s o — 5 S5 LA SR AR 15 5%
IR A (KI5A) o 3% 6 % BLAIE B 3@ it CD16aAICD16a/S197PHI K F A TgCLs &

[0036]  CD16as&NK4HHE A SIS 3244 FRATTRL . T S hu i b #11) i eg 4 fe = S &
TARHOE R S19TPIRAR J& 5 520 CD 1 6a 1 5 4 M v 44 1 B8 77 - NKO2 2 M i Ak 8 1 | 2:CD107a
[0 R , AR WKL G ok AR S HLRNKYR R i AL I R b & . 5 F 8O A2
H AT AL FE ) Ra 1 40 M0 55 B (A0 SNK9 240 i 5 /R AR /K AR _E I CD107a (B
5B) o ML 5Ra j1 41 A5 & B, DAAHSE /KPR A CD16aECD16a/S197PHINK924H iy th /b & I
WCD107a, M H 5 F R Z & By B I Ra j 1 ZH M () 9% & F ELCD107aly #1245 K _Fif (KI5B) .
B2, IR IRCDI6aH & TRENGE R S19TPRAR AN G H TR

[0037] Ak, FATUERHCD16aMICD16bH 28 TFEMUE IS 19TPIRARIE I e R ARADAML 7 &
T 24 L %) 00 5 o A SR T G 7 - CD16a 1 1 S 197P 58 A% I BH I ANK4H At ZZNK 92 () 52 45 it
V% ABH AT 2 AR Thfg . 2615 AHZE K F-CD16a8k,CD16a,/S197PHINKI24H Al £ — R FHi ik
R DAL R 25 6 B T gG o T340, 24455 BRa j1 A M FI) 22 B hi 2 5, R IACD16a
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5% CD16a/S197TPHINKO24H i LA AT bb 452 1) 77 20 v b AR £ CD107a.

[0038] 2 HE T4 0 70 VF it A% $E DA 772 AR 28 TR M08 HONK T o« AR A T P 25 i 3 M 38 B
A= CD16aBiCD16a/S197PH % 5 1 SPCs A 28 T FE i INKZH o . S5NK924H g [A) £ , CD16a
7 1 PSCsATAE INK AR A Hh 28 P v, 1E BH 4 240 B 3% AL B 1E 55 ¥ ADAM1 735 14 , 111 CD16a/S197P
AWt -

[0039]  CD16aMINKZH A 2 fifd 25 4 Th BE £E Ji 5 28 38 vh a] &2 I AH 24 K1 T 9 . 4w i CD16a/
S197PI¥JcDNAR] H T/ AE R € i N 155 5 2 e T4 (iSPCs) ARG T-4H i (ESCs) o iX £e+-4H
Jf AT 4R S5 43 A 9 22145 CD16a/S197PH) JEACNKA i . 2154 1) EICD16a/S197P (il 40 , B k% 4
Jf1) BXCD16b/S197P ({54 , o PHRr 40 i) 7 JHC B 2 At T AAhESCs /1PSCsfiT A=

[0040] Ay AR AR N 2 BB v X P A ) T8 o0 A BB 44 I NK 41 il 40 % ¥R 97, CD16a/
S197P—F IANKH H v A~ 5 34 I i P 4R — 4 i P 40 i 257 (ADCC) & PE B L ‘B CD16a - T %
P (f5l4n, TEN v FITNFay24) o640, CD16a/S197P-3 IANKLH J AT 5497 fufk (9, il 22 2
U2 D) U S A 5t B4k (BiKE, 451121, CD16 X CD33.CD16 X CD195KCD16 X EP-
CAMXSURE 14 3% 17 40 LA 42 44) Bl = e M % A0 4 B T 424 (TriKE) 205 ot m] 77 A B 3
INICD16- A PR FL e 67 AN RE (1 dn , Hp PR A0 | B A% 4 i TR AL , 55) «

[0041]  CD16a/S197P7E N iPSCsE ANESCsH {11314 1] 7= A= B AT 4 i (1) B e 9 i 451 4 , HER2
9P ST ADCCIE MR INK A A o 76— L1500 I8 i 0L v VBT e il an , ih 2 s i 3
FSANK A B T AN R BG4 B A PSCs AT AE o

[0042] W] T BY AR RICD16a M1/ B CD16a/S19TPLL 7 A 6 1A BAPh 11 CD16a 32 44 () Fa 5E iPSC
Y1 i R EAR B ESCAN MY R o mI s PR ART 538 1) S B 5 ¥4 o 7 M9 1 e g v BT, 49, 22 1
BRI TR R e 3k (B0, STeeping Beauty) BUAZ L % /£ — AN SEHrh , iPSCs AT {4 FH
Sleeping Beauty % ¥ BURRAZMG AR 0] 6L LB RS, W1, GFP/ R B &K (zeocin)
Prikmh & &, KAV Sut 24 (RS R DU AR AR 5 1%) o iPSCsTHT 734 9 il 7
NKZH e, 5w o i (NiggE N, 2011, J. Virol. 85:43-50; KnorrZs A, 2013, Stem
Cells Transl Med 2:274-283: WollZ: N, 2009, Blood 113:6094-6101) .iPSCsH"#% 3t
PRl 52 R 1 2208 0T 3 BT AENK A B H s 7K 3Rk o AR 404k 1 SPCs H CD 16 54 R Al IRNK 4 ffd 45
b AE X FhIF LT, CD16E & AT Ad FH , 941, CD56 B K SRCD16a 5 5 T-HELE , LLECD16a ik B
11 5 1E S NK AR 44k — 3

[0043]  AILL# RIS FHEE K EF A2 T CD16a 5 CD16a/S197PIINKAN IS . CD16 #4) S AR [ FR 1K 7K
SR IE R FACS 73 3% 3 T GFP ik SR UL L , FTiRGFP R4 DL 5 CD16a sy Z 44 i kb 451l 1 o 20 & A=
UL ¥ CD16a7K - 7] i ik FACSHGIE « NKZH i U HER 23 1A B 5598 411 it 1) 40 B 25 14 v 2E 3897 9L
A, 0, i S BB PUAFAE B ATAE T 8 b AR BRSO VP4 o T VP4l P AR BE Ar 1 I S 9 4
JH B B A — A A A B v T EL TS AVE A NK 40 1) 40 L BRL -7~ (4514, TEN v W TNFa) ;=42
FICD16al) Al ¥A P /KT, B FACSTEAS CD16a fI B i b br & (5141, CD107a.CD62L) [ 41 A
FKIKF o

[0044] St 51 3 A 4 s 19 N Jov g S P RS AL AR 2 ] FH T4 N PPA 3R A T D1 %I CD16affNK
TR PO TS T o 5 NCD16AN[E] 5 24 40 B A S /N BRL CD 16 AN 28 7 B A3 e v 5 TR L i 5
CD16aMit ¥ XINKZH I/ T FIADCCHIAE FHANBE 75 1R85 /N B p 8 ST A o 3R 13 b S B0 A 2H A sk
HPARKREES .
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[0045]  K1. MIRFFHFEAE AR Y

FE2H. n AbFE

1 5 oy OSEEE

2 5 N OVCAR3ZH ity

3 5 OVCAR3 + NKZHHfd/WT-CD16a

4 5 OVCAR3 + NK#Hffu/  WT-CD16a + HiiZ B
5 5 OVCAR3 + NK#Jfi/CD16a'"™

6 5 OVCAR3 + NK#Hffu/  CD16a'®™ + iz eadhy
7 5 OVCAR3 + NKZHJifd /AN %% 1

8 5 OVCAR3 + NK4MMI/ %k + il Z st

#A0 B 2 D AT PR IR S
[0046]  fiedeg A K A/ Bl Y B W Ik R VA RS, B HE i, ARV R G AR G S
CTMRI. % —Fh A8 AR TN/ 8RR /MR (Woll148 A, 2009, Blood 113:6094-6101) .t 7]
X /NI (51, 3 D) DA B ANKEH ML A7 o 5 PR RS ) D e Ar & (19140, IFN v .CD16a)
(1) 1A N/ B4 B 2 T /K P ] e 88 0 AR 45 4, 388 3 FACS VAt o /)N R AT R AT AR 5@ 24 1) 38,
B 4n, 60 JHIA]BE U o AL FEIS , AT AR 2 R (1 0, BB B il S B R/ Bl B ) 0 B R IE B (1)
L @ ARG, InSe AT FTHEAR I (Woll148 A, 2009, Blood 113:6094-6101) .
[0047]  FRATIH T SR 5 SURIEL e 3R 7 42 U CD 1625 CD16a/S197PH i PSC-AT A NK4H g
)L A7 — 9 6 1 00 A i P RO A PN R RE o TR L, FRATTHE A S iR 1B 1 XA CD 1 6a R IE
1B I CD 1 6a ) 18 A48 1 1 20 B (51 4 , NK T D « wh PR 20 S B A% 40D T4 IR 25) RN S di
SR ALK 5 35 o 5, B8 i I CD16a, CD16a/S197P K INKZH ffl f2. 7 384 N At 471 5
BURTE M, 1% 2 /D 43 b A R Tk P S NKZH Ff 8 ADAML 7~ 5 140 5t 7 P e o X 4k
1M > fE82 6 (engage) FUAR—FRic 1 4 ML (5 4n B VA I7 B br i 0 98 40 D B, 389 i k-4
Sl 0 L A 5 3 sk NKCET D 40 e A U 300 458 -5 ey 40 i 1) 2 A A 1 R J et
B SZ AR (9] IINKG2D) <7 3ENK 20 3 1k o
[0048]  RE “HI/EC BIE— AN BT A BT R BN ECE 2 ARSI c R A A RiE R
F57 e AR AR AE 1 B 5 AR B 3R rp IX e AR TE B AR AS H AT PR 1 S BR AR A A
C AN SR L CRTIRY AT D AN A RS et A, B R AN AN AR 8 e A RGR
(1) 2 - e Y B B S i B e (BN, 1-56451.1.5.2.2.75.3.3.80.4.5,%%) .
[0049]  FERTIAULEH A, N 1 I 28 S WL ] 58 70 T IR B AR IR S 5 8 o B AR 55 ANE 26 45
— AN EAR S 7 R RRE S 55— AN SE 7 SRR AEAS A2, 75 ) e 5 it 7 28 T A 4R b —
AN 2 AT A RIS R A R E R A
[0050] X} FASCHT A FF I BFEAIESD BRIGAT A J77% , ik P B nT DL DAL A o] 47 I 7 3t
7 o H 3@ 4, mf A I g AT AN BCE 2 AP IR A
[0051] Ak BH @ Ik I 1) S it ) i B o 7 AR 1D A R AR 1) S it 9] AR} L B R e AR AR G
A SC T 803 1 A e BH R Y R RIORS 1) SRR

SE e {51
[0052]  sijifsl1
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WA

AR FEAN AR AR S J IR IR JE 7538 K 2T 98 W AL 22 2% (University of Minnesota
Institutional Review Board) ft#EMJ7 SEARIET7 S8 9T08MOOT 34 AT o A F A 24 fifd AT
NK4H i 73 25 4n S 5y BT #3A 1F 164T (Wang%F A, 2013, Biochim Biophys Acta. 1833:680-
685; LongZE A\, 2010, J Leukoc Biol. 87:1097-1101; LongZ A, 2012, J Leukoc
Biol. 92:667-672) . & S M P ¥E R A SINKAH A (FEPBSHL X 107/ml; Mediatech,
Inc. Manassas, VA) FHHPMA (40515 ng/ml18¢50 ng/ml; Sigma—-Aldrich, St. Louis,
MO) 7E37 Cig L3048 it €4l iy EiE W (0.45 umfL1%) FF-1# FmAb 3G8 (Biolegend,
Inc., San Diego, CA) fPierce H M iE Ui ifl& (Thermo Fisher Scientific,
Rockford, TL) 2 8 i3 i ) i BH e U3 CD 16 . 2B Ak I CD 1638 i ) JL T 485 & 45 W 35
HJRemove—iT PNGase F (New England BiolLabs, Inc., Ipswich, MA) $2 F& i g a¢ i BH
iRk o 71 5 2, K5 10-20 ngZifbfICD167E40 mM DTTAELE F55°CAEME 10204, 4R J5 HI3
1 Remove—-iT PNGase F (New England Biolabs, inc., Ipswich, MA) ZE37CH¥ & 1/,
SR LT ik A s N 2 BRRemove—iT PNGase Fo
[0053]  XFCD16 4T SDS-PAGEFH 1@ i 5 % et H 444 (Thermo Fisher Scientific,
Rockford, TL) el n ¥ 14 CD16XF ML) dt i w7 » 383 CD16 4 13 B2 7 Ay [ — i i 4RI
VK T B8 AE , AR 5K H )T e IR AR S L AT AR R I PN Y A o R A R TR X T AL
(R RET- 1 FEAE98:2: 0. 01 B 7K : i - IR Th B2 FH T-IB0AH (3l — B i vk oy » o i vk
(VELOS OPBITRAP, Thermo Fisher Scientific, Rockford, IL) PAZCHE#K#H 3R
Mr<<1 ngfI%5Eo ke, e ni priiid i (Lin-Moshier® A, 2013, J Biol Chem. 288:
355-367) « H(4fi FEKE 2% HProtein Pilot 4.5 (AB Sciex, Framingham, MA) % XJft fnis 4
Yo¥udfs PE (thegpm. org/cRAP/index, 1098 H J5i) FINCBI 2% Fr 41 A2 1 JiRFASTA%S 45 i i3k
1T, iidProtein Pilot 4.5{# FHParagonif/r & VL (ShilovE N, 2007, Mol Cell
Proteomics 6:1638-1655) o i R 20N - LR BRI £ W Jie s e 1 g s A #30rbi MS (1-
3ppm) Orbi MS/MS;AWME A IDAE s, HALHE R A Ik i Mot I Jie 5 A1 ) s 2R 5% 7 5 FAE 30
oM (FHAH S ) 288 )
[0054]  cDNAZEIA F41 1R 1T P~ A

CD16bAE Jy iy 44 JINALFINAZ ) AN 557 S R AR AR AR A, FL 22 7 9 AE FL M A0 DX 330 N
73 VYA SR « ADAMLT AAR L) 2R DI P A~ CD16b A7 A AR s ot T A 7T, BATTAL
o AENALAR A4 o CD16a th A7 75 P AN S5 47 J5 R AR A4, ‘e AT THE 1 7647 B 2 TR B R T = IR Tk 2
ADAML7 EAABAAF 2 ZE ) FICD 1 6a T3 P AN A7 J5 PR AR o % T AHiE 7, AT U A 4R IR 55
AR AZACD16a.
[0055]  CD16aA1CD16bM A FH 40 Al cDNAY ™ 14 , U5 i FrfiiR i) WangZE A, 2013, Biochim
Biophys Acta. 1833:680-685; DongZ: N\, 2014, Arthritis Rheumatol. 66:1291-
1299) fEBamH1 FEcoR T FR i B A7 25 Bk 73 F& A pceDNAS . 1 )ik (Invitrogen, Carlsbad,
CA) o K EREARSR o F2e B o) 38 g B0 U BH 47 Quik—Change Site—directed Mutagenesis (PR
AR E S 15A%)  (Agilent Technologies, Santa Clara, CA) PA¥CD16afICD16bH 1974
(1) 22 SR e 45 N I SRR B A R B AR 28 M I S A7 AE TUA R A I HAAFAEATAT B KR
[0056] [E )5 CD16a cDNAZEBamHI F1EcoRIR By S 4 5efE ADr. G. Nolan
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(Stanford University, Stanford, CA) FEHLH) XNz T3 4% 5% 9 2 3 1A 4R pBMN-TRES -
EGFP,CD16ata @ 43 W4 BT Frik (WilberZE A, 2007, Stem Cells 25:2919-2927; Tian
ZEN, 2009, Stem Cells 27:2675-2685) 7 [ N XU F-Sleeping Beauty % J -1 Jfi ki
(PKT2-IRES-GFP:zeo) H. i 5 2 , i I 5[4 :5° ~CCG GAA TTC CAG TGT GGC ATC ATG TGG
CAG CTG CTC-3" (IEfH, SEQ ID NO:XX) Ff15°~CCG GAA TTC TCA TTT GTC TTG AGG GTC
CTT TCT-3" (Jx[A, SEQ ID NO:YY) PCRY 184 AICD16aICD16a/S197P. A N RILkIK) &
EcoRINL 1 o ¥iEcoRT-TH AL ICD16aF1CD16a/S197P PCR B B 5 N\ pKT2-TRES—GFP: zeo
H o IERA ) CD16a € [m] A1 Z1 3 3 PCRAIIN F7 73 N  FRAT TSR AT C 2 i f 7 2K ALk &
(CD62L) cDNA (FeehanZ: N\, 1996, J Biol Chem. 271:7019-7024; Matala® A, 2001,
J Immunol. 167:1617-1623) , ¥ Frid 4 ALk (CD62L) cDNATERR B A7 s Xba T 4b 5%
£ A pcDNAS . 18R A WS AT Frid (Dong%E N, 2014, Arthritis Rheumatol. 66:1291-
1299) 7if% 4K AFcRy cDNA, 3H1& 24 98 FdpcDNAS . 13k 14 .
[0057]  Feik HEZH L #% 2 CD16afllCDI6bIKI 4 5 1 274

HEK29340 i (ARG 4R %) FINK924H i CANK4HAL %) (ATCC, Manassas, VA) $ZH#
T 5% BT ) U BH 1% 7% JHEK 293 4 fifn {8 FHLipofectamine 2000 (Invitrogen, Carlsbad, CA)
P )32 7 A 1 B & 7 B AN 5 CD16b. CD16b/S197P A/ B L—1% 3 & I pcDNAS . LRI 45
Fa € K& NFeR y FHEK293 40 Mg i@ i Rl — 7 v & H 8iA & CD16askCD16a/S197PH)
pcDNA3 . 11 iy % 4%  NKO2 40 A 38 3t 2/ HIF T 476508 1 300 e 38 753 72 AR AU LR 7 (Matala®§ N,
2001, J Immunol. 167:1617-1623: WalcheckZ N, 2003, J Leukoc Biol. T4:389-
394; Wang®: N\, 2009, J Immunol. 182:2449-2457) F &4 8 A £7CD16a8{CD16a/S197P
) pBMN-TRES-EGFPA# 58 #% 5 o A4 2 A 3 IR I8 1 EGFPY Y FCD 16 4%t P4t , funa ik 97t =X 41 i
AP E B« NiPSCs (UCBiPS7, 742 H JFFH5 MCD344H ML) £5 7% (maintained) 7E/NRJE NG
AT 4EZ i E KnorrZE N, 2013, Stem Cells Transl Med. 2:274-283: NiZE A, 2014,
Stem Cells 32:1021-1031) .CD16aikCD16a/S197PH) e € F ik Un5s Bl ik & FHSIeeping
Beauty ¥ i1 24 HKiHAT Wilber&E N, 2007, Stem Cells 25:2919-2927; TianZg A,
2009, Stem Cells 27:2675-2685) .4 5 Z , FHHpKT2-IRES-GFP: zeo 5 fE A% % 441X
(nucleofector) WV 45 HAEEDNAR 204 (Lonza Inc., Gaithersburg, MD){# HFEF
WEB16#Z G (nucleofect) 1PSCs o 1% 5 YL 4 ffg 37 B BV AE AL & R & 2K (50 ng/ml) 11
1PSCA: K35 7R HE 4 Fh 21 /N SRR G AT 4E 40 |
[0058] A CD16a-hESCHICD16a—1PSCHHIATAE NK4H it

hESCs#11PSCs[1)i& Ifil 73 AL anJe A BT id (Ng%8 N, 2005, Blood 106: 1601-1603; Ng&&
N, 2008, Nat Protoc 3:768-776; Le Garff-TavernierZ N\, 2010, Aging Cell 9:
527-535) #AT . (i 5 2, £ & H T4 A T (SCF, 40 ng/ml) ML W Bz 4 K AT (VEGF, 20
ng/ml) MEEEKAEEHA4E BMP4, 20 ng/ml) IBPEL:S I3 o 78 96 7L IR JEE b 1 4 L 42
Fh3000S B 40 it . BPELIZ 72 3 Al & Iscove’ s Modified Dulbecco’ s Medium (IMDM, 86
ml, Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA) . Glutmax IHJF12
BHIRR S (Nutrient Mixture) (86 mL, Invitrogen, Thermo Fisher Scientific,
Inc., Waltham. MA) \10%% B F4EIMIEA S A BSA, 5 ml, Sigma-Aldrich, St. Louis,
MO) 5%E8 7. J#E% (10 ml, Sigma—Aldrich, St. Louis, MO) JIERKER (20 ul 1 gm/mli&WK,

11
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Sigma—Aldrich, St. Louis, MO) \VEJHER (20 pl 1 gm/ml¥, Sigma) .Synthecol 500x
Bk (Sigma—-Aldrich, St. Louis, MO) .a—monothioglyceral (3.9 ul/100 ml, Sigma-
Aldrich, St. Louis, MO) . EHAWIESMIT (Invitrogen, Thermo Fisher
Scientific, Inc., Waltham. MA) . HiINIMER (5 mg/ml, Sigma) .Glutamax I
(Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA) S K- EEH -l
100x¥A W (Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA) . & &=/ 55
% (Invitrogen, Thermo Fisher Scientific, Inc., Waltham. MA) .
[0059]  TEi&E ML HI B 11K, B e R 4E (spin embryoid bodies) HiZE#H# £ A H
ANELELO8-1D2[H] 5 4 M (1) 24 LR A 2 A 20 B PR 1 [PINK S 72 B b (Le Garff-Taverniers
N, 2010, Aging Cell 9:527-535) .}%3%#4-5J8 )5 , FIAPC—.PE-.FITC-FIPerCP-cy5. 5~
B A T g GER T I 97 3% T 470 J6R Fr) 5 5 14 04 - CD45-PE . CD56-APC . CD56-PE . CD16-PerCP-
cy5.5.NKG2D-PE .NKp44-PE .NKp46-PE.CD158b-FITC.CD158e1/2-FITC (BD Pharmingen,
San Jose, CA).CD158a/h—-PEFICD158i-PE (Beckman Coulter, Inc., Pasadena, CA) 4
(LSRR8 S ST B TIR PSSR CER N R a1 [V NS R
[0060] 4/t #if 5

Sy 15 ng/mlAI100 ng/ml PMATE37 CHEALRPMI 164015774 (Mediatech, Inc.,
Manassas, VA) H1JHEK293 FINK924H AL 305> - NKO24H i HHIL-12 (PeproTech Inc, Rocky
Hill, NJ) f1IL-18 (R&D Systems, Inc., Minneapolis, MN)Z>%JPA100 ng/mlF1400 ng/
m 135 10 32 2 b B R B 18] 65 o 38 3 CD16a fNK 9241 it if 4k i it 5 A $Hi-CD20 mAb Fi| 2 & #pi
(1 pwg/ml) (Genentech, Inc., South San Francisco, CA)#bFEHICD20-PHM:Burkitt’ s
WREL BT FRRaji  (ATCC, # M T eI AE ) (1 TEE2R) B & M/ 5, 6 A i i ik
[¥] (RomeeZE N\, 2013, Blood 121:3599-3608) . i@ id PiisRa ji 4 2Bk ik & 1) 1) 2% 5 B
Pl o FE— BB S8 b, NK24H i FH %6 3 1 ADAM1 7411 77BMS 566394 (5 uM) (Bristol-Myers
Squibb Company, Princeton, NJ) Tii% & 307 %l . M iPSCsHTA= HINKZH B FH N\ 21 i 44
H K562 (ATCC, 12 I gk fT 0 6 B A2 ) T, dn e i ik i) (RomeeZ8 A, 2013,
Blood 121:3599-3608) . & 5 Z , 5K5624E4H)I (2: LEL ) E37 C i & 1 PSC-HTAE HINKZH il 4
NI o
[0061]  Hifak & E

YN Ak NTgGRTgA (Sigma-Aldrich, St. Louis, MO) {454 aise i FTid (Dong
2N, 2014, Arthritis Rheumatol. 66:1291-1299) SZjfi, k4T T — A5 .PBSH5 X
10%/m1 FINK923% A 41 il 5 % 1A CD16a 5K CD16a/S197PHI % S A AE4C FH TgGEk TgALL AR B )
WREE— N =W E LN o 7850 Pe s A M I FHAPC-Z8 & M 9P H N Fe (B MR 4E) Pk
(Jackson Immunoresearch, West Grove, PA) #F&#i& i v BH 3T & - Yol i e , 4R
J& 3L B A AR 53 7
[0062] 7 2C4H AR FIELTSA

X T 4R g €, FELIT AR e MU 455 7 R, 40 AR BH B oA 4% € 9 8 i o X 40 i
RAE, Wnse vl Bk i) (Wang5 A, 2013, Biochim Biophys Acta. 1833:680-685;
Romee%F N\, 2013, Blood 121:3599-3608) . i xU4H AR 73 #T fEFACSCantoFILS RITAY AR
(BD Biosciences, San Jose, CA) _F#t47. ACD16iH I mAbs 3G8 (BiolLegend, Inc., San
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Diego, CA) #1DJ130c (Santa Cruz Biotech, Santa Cruz, CA)#:l.CD107aif ifmAb
H4A3 (Biolegend, Inc., San Diego, CA) £ ill.ADAM17iE i mAbs M220 (DoedensZf A,
2000, J Biol Chem. 275:14598-14607) .111633#1111623 (R&D Systems, Inc.,
Minneapolis, MN) #& il AL-i&E# KB ImAb LAM1-116 (Ancell Corp., Stillwater,
MN) sz 00 o [75) ot 284 T P P9 B 2 % BmAb s FH T PP Ak e S PR 4 7K P . CD16 - ELTSASE i & i i)
T ER M 52 (cytometric bead assay) #EAT, WS AT T iR ) (WangZE N, 2013,
Biochim Biophys Acta. 1833:680-685) .
[0063]  Z 1t 74T

4 it A8 FHPrismk 4 (GraphPad, San Diego, CA) i 24 fdf FHANOVAFN 2 A t K I
HEAT A NPIEC 0,05 B &1 .
[0064]  SEjihi {512

FEIE A KFWT CD16afICD16a!""" (CD16a/S197P) FYNKZH A 1) Hb 5%

CD1644) FAA ) 223 /K P38 i FACS 73 346 5 T-GFP A VL E (o b 3R o F-NK 9241 a1 4T 1
K12) , BTGRP 2 LA 55 CD 1644 8 4% B L 481 1) 77 = A2 o X6 T i il 5 L BC 1 CD 1 6a 7K ~F- Ji
I FACSERAIF  /E A%t I, ¥4t 23 S1eeping Beauty % FaT-#5 ARG i i 1 PSC—AT AENK4H i (X
FIKGFP) o 1 PSC-ATAE FINK YR Al FR A AR B N P PECD16a - (B A7 ) o NKAH A XTHER2-
I G L5 A0 AR 1 200 P 5 P T T 22 BRI A AR BN AT AR 8 I A v A R TSN PEA « gk
177 FHAEER AR 10 U 596 290 00 140 B0 A — 06 1 4 B 2 o KT 1 0 IR -7 (90 4, TRN y W TNF
a) FEAEFICD16a ) vl ¥ PE /K Pl i ELTSAVEAY . CD16a fH B iE A bR & (f94n, CD107a.CD62L)
(1 240 Pt 3 T 7K P38 I FACS A
[0065]  SKjiif513

N SRR R R, B TAS 56 %2 7ACD16a %™ (CD16a/S197P) [ 1 PSC—iT A4 NK 4y
T M2 BHUAFAE N TS B A B0 A P B 99 S5 1
[0066]  {gi FINOD/SCID/ vy ¢/~ (NSG) /INBL N2 K i T e adk 17 2 1k T AR W0 R e AR 11
WK LR EE N UP SR AN R R (Geller®: N, 2013, Cytotherapy
15:1297-1306) H T I8 IERE P (ip) 33 26 NK4H M R Bt U9 565 96 40 B v 14 i 3R IAHER 2
OVCAR3 Y 5590 41 e 22 FH/E /R N #E (Hellstrom&E N, 2001, Cancer Res 61:2420-2423) .1V
FHCIRES (225 cGY)  NSGHE M /N B IS B P 3 S5 220 ¢ e 28l T A= 0 D' A T 72 AE 1
OVCAR3 (2 X 10°4iHu) LA 5E & s A K BB (GellerZE N, 2013, Cytotherapy 15:
1297-1306) . /£ /NER 15 B B IR IS P VESS20 X 10° NKYHBR AT, Lk s 4 K 7R . 4R Ji5 5
—RGT/MRIL-2 (5 ng//NR) , FFE4 R, WAeai friiid i) Woll&E N, 2009, Blood
113: 6094-6101) , A HENK A 44 N 1735 o 1 22 B pi PAS0 g AR E N T, &5 8 —
U FFE2A T (FTid R R N e AT iz B v ) &) (Warburton®$ A\, 2004, Clinical
cancer research 10:2512-2524) .l KM /KFWT CD16EECD16a" ™ (CDaba/S197P)
(1)1 PSC—AT A= NK4H BRI 44 A 250 RE o 0 B AL HE A R IEGFP - (I #44) (191 PSC-AT A NK4H i , A1
B2 ORI AN ) /N ER R B8 2H . BT /N BR 15 B AR A TL- 240 2
[0067]  Jired A K/ VAR 3 R d a2 4 R S RS R B /N BRI, G S AT BT R IR 1Y) (Wo 1155
A, 2009, Blood 113: 6094-6101) o & J&iE Xt /N 5K ML LA 5 B ANKAHREATIE o 25 Fh RS 4
Dhfeds & (a0, IFN v (CD16a) [ 3R 15 /4 M 2 1f 7K -3 I FACS VAt o X /N BB 15 5 ~60°K
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ACTRRS , sk A= e ke 2 I (5 4, BB BB B AT/ B B ) 1) 3 AR A S i A IR
1) WollZE N, 2009, Blood 113: 6094-6101) .
[0068]  J {5 P St 77 5

ST S, — PR AL AR LA 1 A 25 B A DX AN B X 1) 2 B PR A2 A CD 16
Z K 4H A .
[0069]  SERtiJ7ZR2. — PR, £ 5 -

ﬁmﬁA%ﬁm ARSI AN IX r (1 S B FRAB 1R CD16 2 Ik 2 i R
[0070]  SEJifiJ7 €3, SEHti )7 58 18 S 77 2200 A0, o pirid 28 FE R 25 4) (medication)
S i 55 CD16 T (] [X 7 A T S SR BR 7 HAH L — AN B2 AN EIEBR s N — DN a2 AN AR
Rk, B — A AN R ) B
[0071]  SEJfiJ7 584, SEHtJT S3M 4, ok — el 2 A2 LRI B A 45 SEQ 1D NO: 1
(R 19T AL 1) 22 S PR VR =) B ke

[0072] Sty 585, ATAR FiIR St 7 S AR , Fo b Bk 4 9 B ARR 5 (NK) 40
[0073] Sty 586 . AR AT I S Ht 7 S A AR, B Birid 4 i oy Hh PR 4 o

[0074] St 587 . AR AIIA S Bt 7 S A0 A, B BTk 4 oy 5 A% A o

[0075] St 7 588 . ATART A & S 5 SR A A, H b 5 B AE U CD16 2 BRATLE BT 2 1 1

CD1622 Ik S ek /ISR T ADAML 745 1 . 7% (40 gl ek
[0076] St )7 229 . ATAAI AT A 92 77 S A0, o 5 B AR AU CD 16 £ Ik AR EL BT iR & i 1)
CD16 2 Ik 55k 7% Yk /I P49 o NK £ L sk 5 st 49 7)) 1) e e o
[0077] SRty 10, — M7k, RS T F EiX b B B a5 L N a7

YT BB IR T HENKRN A, A

YT BT B SR 1-9 R AT — T A
[0078]  SZjfi &1L, SZitir =10 J7v%, Forp Brid va 7 PENK B S ) B HE R 7 77 o
[0079]  SZji Ty R12. SEHETT SR T, Horp il vE 97 75045 S 1R ) ek 470 D
[0080] sty 13, ST 120 J7% , Forb Bk v 7 75060 FE A4 5 1 1R S B R e R A 4t
REHLR B
[0081] Sy ZE14. SEi T 21300 732, Horh BT id i bt JsL AL FEHER2
[0082]  SEjifi /2815, Sty 221385 it 5 2 141 5 ik, oAb B oA 0 4 il 22 B sl )
T,
[0083] St /7 2216, St /5 10/ 5 v , oAt Firad v 7 PR NK SR A7) 458 UK S P 2% A7 18
ek (BiKE) .
[0084]  SIjifi 7 %17, SE T 16/ 7%, Hrp FridBiKEAFECD16 X CD33 BiKE.CD16 X
CD19 BiKEZ§CD16 X EP-CAM BiKE.
[0085]  SLjifi /2218, St /5 R 10/ 5 vk , Hod Firad v I PENK A RS A7) L 48 =4 S v 2R A3 41
Mg Ee Ak (TrikE) .
[0086]  SLifi /7 5619, SEjiti /7 118 16-18H AL — T J5v2: , 2o Bridk v o7 7R4RE S5 4 R 31
T B
[0087] Sty 2820, FHTHCGEX B WG IT N 7%, B 697 AL 4h T B3 1R TT TENK AR
INE4) s IR 7 ¥ L4 «
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Y5 B BRI B SR -9 AT — TR 4
[0088]  ASCAR 51 FHEI BT & H & 1 A HS RR 1 58 38 A T 25 DA S H 1 ] 750 44 k)
(RLFE , 1, 4% 17 18 17 1) 3228 (il iGenBank fRefSeq 1)) LA A & K8 6 21 32 28 (491
SwissProtPIR.PRF.PDBH ) Fl13K (5 GenBank fRe fSeqH V3 BR (1 2 At [X 35k f) #9112%) 38 3 5]
UL HEAR S5 G N RAR G ) A TN 25 5 ARSI 51 S & AR SCERE) 2 T N 45 2 1A)
AFAEATA A —F, B LAA HIE 1A TF N 25 N o 17 T 1 Vb AN STt 1500 15 2 A4S HY
AN N I G R g AN 00 L R IR 1] o A 5 B AN PR T T S 7 O 3R 1R 8 DD 481 5 TR A o AR il 2 AR
N 73 S 1T G L PR A B A5 R I AR R P B AR BN
[0089]  [RAE 74t BH , 15 B 5 FIBUCR] ER o i - R R H & 0 T 25T A 3
FAEFTA G OL T NI AE EARAE “L7 B AR HE , B AR 5 AMER A S Ui B 5 IR 2K
Forh B H 2 7 S HONTAME , T AR PR A o A B SRS I TR PR i s . 2= 0, 9 HL
AR B 5 R A B BOCRR AEACR 225K B )56 B b, B — B 7 S 38 2 /DR YR P i oE A
RO B B i B FH 8 e N AR AR R -
[0090] U/ ) 3k A i BH 1) T3 916 ] ) 803 BB RN 2 B0 Al AUMEL , 1H B A S it 5] v 270 Hh 7
FUE AT Re HE MR bR 2 o SR, A BUE G s 2 B % B R A T B 45 R AR AE R
Bt 22 BT 6 SR 15 HE T
[0091] P HAR ISR T 5 323 I HA N PR AR 88 2 J5 10 1R SO 35 S, B AR anitk
UL .
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[0001]

<110>

<1202

<130>

<150>
<1681>

<160>

<170>

<210

L1y

212>

213>

<400>

R IES

REGENTS OF THE UNIVERSITY OF MINNESOTA

W KA TREBUER) CD16a HIZ k. 4 A J7 %

110. 04560201

61/971, 996
2014-03-28

PatentIn version 3.5

264
PRT

Met Trp Gln Leu Leu Leu Pro Thr Ala Leu Leu Leu

1

5 10

Gly Met Arg Thr Glu Asp Leu Pro Lys Ala Val Val

20 25

Gln Trp Tyr Arg Val Leu Glu Lys Asp Ser Val Thr

35 40

Gly Ala Tyr Ser Pro Glu Asp Asn Ser Thr Gln Trp

50

55 60

Ser Leu Ile Ser Ser Gln Ala Ser Ser Tyr Phe Ile

65

70 75

Val Asp Asp Ser Gly Glu Tyr Arg Cys Gln Thr Asn

85 90

16

Leu

Phe

Leu

45

Phe

Asp

Leu

Val Ser Ala
15

Leu Glu Pro
30

Lys Cys Gln

His Asn Glu

Ala Ala Thr
80

Ser Thr Leu
95
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[0002]

Ser

Ala

His

Gly

145

Lys

Gly

Gly

Val

Leu

225

Lys

210> 2

Asp

Pro

Ser

130

Lys

Ala

Ser

Leu

Ser

210

Tyr

Asp

Pro

Arg

115

Trp

Gly

Thr

Lys

Ala

195

Phe

Phe

His

<211> 203

Val

100

Trp

Lys

Arg

Leu

Asn

180

Val

Cys

Ser

Lys

Gln

Val

Asn

Lys

Lys

165

Val

Ser

Leu

Val

Phe
245

Leu

Phe

Thr

Tyr

150

Asp

Ser

Thr

Val

Lys

230

Lys

Glu

Lys

Ala

135

Phe

Ser

Ser

Ile

Met

215

Thr

Trp

Val

Glu

120

Leu

His

Gly

Glu

Ser

200

Val

Asn

Arg

His Ile

105

Glu Asp

His Lys

His Asn

Ser Tyr

170

Thr Val

185

Ser Phe

Leu Leu

Ile Arg

Lys Asp
250

17

Gly

Pro

Val

Ser

155

Phe

Asn

Phe

Phe

Ser

235

Pro

Trp

Ile

Thr
140

Asp

Cys

Ile

Pro

Ala

220

Ser

Gln

Leu

His

125

Tyr

Phe

Arg

Thr

Pro

205

Val

Thr

Asp

Leu

110

Leu

Leu

Tyr

Gly

Ile

190

Gly

Asp

Arg

Lys

Leu

Arg

Gln

Ile

Leu

175

Thr

Tyr

Thr

Asp

Gln

Cys

Asn

Pro

160

Phe

Gln

Gln

Gly

Trp
240
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[0003]

<212> PRT
185 A

<400> 2

Met Trp Gln Leu

1

Gly

Gln

Gly

Asn

65

Val

Ser

Ala

His

Gly
145

Met

Trp

Ala

50

Leu

Asp

Asp

Pro

Ser

130

Lys

Arg

Tyr

35

Tyr

Ile

Asp

Pro

Arg

115

Trp

Asp

Thr

20

Arg

Ser

Ser

Ser

Val

100

Trp

Lys

Arg

Leu

Glu

Val

Pro

Ser

Gly

85

Gln

Val

Asn

Lys

Leu Pro

Asp Leu

Leu Glu

Glu Asp
55

Gln Ala
70

Glu Tyr

Leu Glu

Phe Lys

Thr Ala

135

Tyr Phe
150

Thr

Pro

Lys

40

Asn

Ser

Arg

Val

Glu

120

Leu

His

Ala

Lys

25

Asp

Ser

Ser

Cys

His

1056

Glu

His

His

Leu Leu
10

Ala Val

Ser Val

Thr Gln

Tyr Phe

75

Gln Thr

90

Val Gly

Asp Pro

Lys Val

Asn Ser
155

18

Leu

Val

Thr

Trp

60

Ile

Asn

Trp

Ile

Thr

140

Asp

Leu

Phe

Leu

45

Phe

Asp

Leu

Leu

His

125

Tyr

Phe

Val

Leu

30

Lys

His

Ala

Ser

Leu

110

Leu

Leu

His

Ser

15

Glu

Cys

Asn

Ala

Thr

95

Leu

Arg

Gln

Ile

Ala

Pro

Gln

Glu

Thr

80

Leu

Gln

Cys

Asn

Pro
160
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Lys Ala Thr Leu Lys Asp Ser Gly Ser Tyr Phe Cys Arg Gly Leu Val
165 170 175

Gly Ser Lys Asn Val Ser Ser Glu Thr Val Asn Ile Thr Ile Thr Gln

[0004]
180 185 190

Gly Leu Ala Val Ser Thr Ile Ser Ser Phe Ser
195 200
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