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TRUNCATED NKG2D CHIMERIC RECEPTORS AND USES THEREOF IN
NATURAL KILLER CELL IMMUNOTHERAPY

RELATED APPLICATIONS
[0001] This application claims the benefit of U.S. Provisional Application No.
62/477,335, filed on March 27, 2017 and U.S. Provisional Application No. 62/628,774,
filed on February 9, 2018. The entirety of each of the above-listed applications is

incorporated by reference herein.

INCORPORATION BY REFERENCE OF MATERIAL IN ASCII TEXT FILE

[0002] This application incorporates by reference the Sequence Listing contained
in the following ASCII text file being submitted concurrently herewith:
a) File name: 44591144002SequenceListing.txt, created March 27, 2018,
186 KB in size.

BACKGROUND
[0003] The emergence and persistence of many diseases is characterized by an
insufficient immune response to aberrant cells, including malignant and virally infected
cells. Immunotherapy is the use and manipulation of the patient’s immune system for

treatment of various diseases.

SUMMARY

[0004] Immunotherapy presents a new technological advancement in the
treatment of disease, wherein immune cells are engineered to express certain targeting
and/or effector molecules that specifically identify and react to diseased or damaged cells.
This represents a promising advance due, at least in part, to the potential for specifically
targeting diseased or damaged cells, as opposed to more traditional approaches, such as
chemotherapy, where all cells are impacted, and the desired outcome is that sufficient
healthy cells survive to allow the patient to live. One immunotherapy approach is the
recombinant expression of chimeric receptors in immune cells to achieve the targeted

recognition and destruction of aberrant cells of interest.
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[0005] To address this need for specifically targeting and destroying, disabling or
otherwise rendering inert diseased or infected cells, there are provided for herein
polynucleotides, amino acids, and vectors that encode chimeric receptors that impart
enhanced targeting and cytotoxicity to cells, such as natural killer cells. Also provided
for are methods for producing the cells, and methods of using the cells to target and
destroy diseased or damaged cells. In several embodiments, there is provided a
polynucleotide encoding a chimeric receptor comprising an extracellular receptor domain
and an effector domain comprising a transmembrane region and an intracellular signaling
domain, wherein the extracellular receptor domain comprises a peptide that binds native
ligands of Natural Killer Group 2 member D (NKG2D), wherein the peptide that binds
native ligands of NKG2D is a fragment of NKG2D.

[0006] In several embodiments, there is provided a polynucleotide encoding a
chimeric receptor comprising one or both of: (a) an extracellular receptor domain and (b)
an effector domain comprising a transmembrane region and an intracellular signaling
domain. In several embodiments, the extracellular receptor domain comprises a peptide
that binds native ligands of Natural Killer Group 2 member D (NKG2D). In several
embodiments, the peptide that binds native ligands of NKG2D is a fragment of NKG2D,
for example, a fragment of NKG2D is encoded by a polynucleotide comprising SEQ ID
NO. 2. As disclosed, herein, additional NKG2D fragments are also used, depending on
the embodiment. In several embodiments, the intracellular signaling domain comprises
CD3zeta. In one embodiment, the CD3zeta is encoded by a polynucleotide comprising
SEQ ID NO. 13, though, as disclosed herein, sequences that differ from CD3zeta, but
share similar function may also be used, depending on the embodiment.

[0007] In several embodiments, the transmembrane region of the effector domain
comprises a CD8a transmembrane domain. In one embodiment, the transmembrane
region of the effector domain further comprises a CD8a hinge region. In several
embodiments, the CD8a hinge region is encoded by a polynucleotide comprising SEQ ID
NO: 5. In several embodiments, the intracellular signaling domain further comprises 4-
I1BB. In one embodiment, the 4-1BB is encoded by a polynucleotide comprising SEQ ID
NO. 12, though, as disclosed herein, sequences that differ from 4-1BB, but share similar
function may also be used, depending on the embodiment.

[0008] In several embodiments, the chimeric receptor comprises the fragment of

NKG2D coupled to CD8a, 4-1BB and CD3z. In several embodiments, such a chimeric
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receptor is encoded by the nucleic acid sequence of SEQ ID NO. 18. In additional
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO. 108, though, as disclosed herein, sequences that differ from SEQ ID NO. 108, but
share similar function may also be used, depending on the embodiment. In several
embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO.
19.

[0009] In several embodiments, any of chimeric receptors disclosed herein can
also be co-expressed with membrane-bound interleukin 15 (mbIL15). In some
embodiments, the mbIL15 is encoded by a polynucleotide comprising SEQ ID NO. 16.
In some embodiments, the mbIL15 comprises an amino acid sequence of SEQ ID NO: 17.
Other sequences for mbIL15 may also be used, depending on the embodiment. In some
embodiments, the mbIL 15 is bicistronically expressed on the same polynucleotide as the
chimeric receptor. In other embodiments, the mbIL15 is co-expressed on a separate
construct. In several embodiments, the intracellular signaling domain is further enhanced
by coupling its expression with that of membrane-bound interleukin 15 (mbIL15).

[0010] In several embodiments, the effector domain further comprises an OX-40
domain. In several embodiments, the OX-40 domain is either in place of, or in addition
to mbIL15. In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, the OX-40 domain,
and the CD3zeta. In some embodiments, the polynucleotide construct is configured to
bicistronically co-express mbIL15. In some such embodiments, the polynucleotide
construct comprises one or more cleavage sites (e.g., T2A, P2A, E2A, and/or F2A
cleavage site(s)) recognized and cleaved by, for example, a cytosolic protease. In some
embodiments, the mbIL15 is coupled to the chimeric receptor by a cytosolic protease
cleavage site. In several embodiments, the chimeric receptor is encoded by the nucleic
acid sequence of SEQ ID NO: 90 coupled to the mbIL15 encoded by SEQ ID NO. 16 by
a cytosolic protease cleavage site. In several embodiments, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 109 coupled to the mbIL15
encoded by SEQ ID NO. 16 by a cytosolic protease cleavage site. In several
embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO:
91 and is co-expressed with mbIL15 comprising the amino acid sequence of SEQ ID NO.
17. As disclosed herein, sequences that differ from SEQ ID NOs: 90, 91, 109, 16, and/or

16, but share similar function may also be used, depending on the embodiment.
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[0011] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a IgG4 hinge, a CD8a transmembrane domain, the OX-40 domain,
and the CD3zeta. In some embodiments, the polynucleotide construct is configured to
bicistronically co-express mbIL15 with the chimeric receptor. In some such
embodiments, the polynucleotide construct comprises one or more cleavage sites (e.g.,
T2A, P2A, E2A, and/or F2A cleavage site(s)) recognized and cleaved by a cytosolic
protease. In some embodiments, the mbIL15 is coupled to the chimeric receptor by a
cytosolic protease cleavage site. In several embodiments, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 100 coupled to the mbIL15
encoded by SEQ ID NO. 16 by a cytosolic protease cleavage site. In several
embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO:
101 and is co-expressed with mbIL15 comprising the amino acid sequence of SEQ ID
NO. 17. As disclosed herein, sequences that differ from SEQ ID NOs: 100, 101 and/or
16, but share similar function may also be used, depending on the embodiment.

[0012] In several embodiments, there are provided methods for treating cancer,
comprising administering to a subject having a cancer a composition comprising a
Natural Killer (NK) cell expressing the chimeric receptor encoded by the polynucleotides
described above, or elsewhere herein.

[0013] In one embodiment, the NK cells are autologous cells isolated from a
patient having a cancer or an infectious disease. In additional embodiments, the NK cells
are allogeneic cells isolated from a donor.

[0014] Also provided for herein is use of a polynucleotide as described above, or
elsewhere herein, in the manufacture of a medicament for enhancing NK cell cytotoxicity
in a mammal in need thereof. In several embodiments, there is provided for the use of a
polynucleotide as described above, or elsewhere herein, in the manufacture of a
medicament for treating or preventing cancer or an infectious disease in a mammal in
need thereof.

[0015] According to several embodiments, there is provided a polynucleotide
encoding a chimeric receptor, the chimeric receptor comprising an extracellular receptor
domain an effector domain comprising a transmembrane region and an intracellular
signaling domain. As discussed in more detail herein, the extracellular receptor domain
serves to recognize and bind ligands on a target cell. The effector domain serves to

transmit signals (upon binding of a target cell by the extracellular domain) that set in
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motion a signal cascade that leads to cytotoxic activity against the target cell. In
accordance with several embodiments, the polynucleotide encodes a chimeric receptor
that provides unexpectedly increased cytotoxicity as compared to non-engineered NK
cells.

[0016] In several embodiments, the extracellular receptor domain comprises a
peptide that binds native ligands of Natural Killer Group 2 member D (NKG2D).
According to several embodiments, the peptide that binds native ligands of NKG2D is a
functional fragment of NKG2D (e.g., a truncation, fragment or portion of full length
NKG2D. As used, herein the terms, “fragment”, “truncation”, and “portion” shall be
given their ordinary meanings and shall also be interchangeable with one another. For
example, in several embodiments, the fragment of NKG2D is encoded by a
polynucleotide comprising a fragment of the sequence of SEQ ID NO: 1. In several
embodiments, the fragment of NKG2D comprises the sequence of SEQ ID NO: 2, while
in additional embodiments, the fragment encoding NKG2D is codon optimized, and
comprises, for example, the sequence of SEQ ID NO: 3. In additional embodiments, the
fragment encoding NKG2D is codon optimized, and comprises, for example, the
sequence of SEQ ID NO: 68.

[0017] In several embodiments, the effector domain comprises one or more of
CD16, NCR1, NCR2, NCR3, 4-1BB, NKp80, CD3zeta and 2B4. In several
embodiments, these effector domains are coupled to CDS alpha.

[0018] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to CD16. As used herein, coupled shall be given its ordinary meaning
and shall also refer to direct (e.g., a first nucleotide followed directly be a second
nucleotide) or indirect (e.g., sequences are in frame with one another but separated by
intervening nucleotides) linkage of nucleotide sequences in a manner that allows for

expression of the nucleotide sequences in, for example, an in Vvifro

transcription/translation system, a host cell (e.g., in vitro and/or in vivo). As used herein,
“linked” and “coupled” are used interchangeably. In several embodiments, the
NKG2D/CD16 chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO:
23. In several embodiments, the NKG2D/CD16 chimeric receptor comprises the amino
acid sequence of SEQ ID NO: 24. In several embodiments, the chimeric receptor

comprises a fragment of NKG2D coupled to NCR1. In several embodiments, such a

chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO: 27. In several
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embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO:
28.

[0019] As discussed above, in several embodiments, the NKG2D fragment is
coupled to NCR2, and the resultant chimeric receptor comprises at least a portion of the
amino acid sequence of SEQ ID NO: 21. Several embodiments provide for a chimeric
receptor comprising a fragment of NKG2D coupled to NCR3. In several embodiments,
the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO. 29, and the
chimeric receptor comprises the amino acid sequence of SEQ ID NO. 30.

[0020] As discussed in more detail below, combinations of transmembrane and
intracellular domains are used in several embodiments and provide for synergistic
interactions between the components of the chimeric receptor and yield enhanced
cytotoxic effects. In several embodiments, the chimeric receptor comprises the fragment
of NKG2D coupled to a CD16 transmembrane/intracellular domain and 4-1BB. 1In
several embodiments, the chimeric receptor comprises the fragment of NKG2D coupled
to a CD8a hinge, a CD16 transmembrane/intracellular domain and 4-1BB. In several
embodiments, such a chimeric receptor is encoded by the nucleic acid sequence of SEQ
ID NO: 25. In several embodiments, the resultant chimeric receptor comprises the amino
acid sequence of SEQ ID NO: 26.

[0021] In several embodiments, NCR1 is used in conjunction with the NKG2D
fragment. In several embodiments, the NKG2D fragment is linked to NCR1 alone. In
additional embodiments, the chimeric receptor comprises the fragment of NKG2D
coupled to NCR1 and 4-1BB. In some such embodiments, the chimeric receptor
comprises the NCR1 amino acid sequence of SEQ ID NO: 20.

[0022] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to CD8a, 4-1BB and CD3z. In several embodiments, such an
NKG2D/CD8a/4-1bb/CD3z chimeric receptor is encoded by the nucleic acid sequence of
SEQ ID NO. 18. In several embodiments, the chimeric receptor comprises the amino
acid sequence of SEQ ID NO. 19.

[0023] In several embodiments, NCR3 is included in the chimeric receptor. For
example, an NKG2D/NCR3 construct is provided for in several embodiments. The
resultant chimeric receptor thereby comprises the NCR3 amino acid sequence of SEQ ID
NO: 22. In several embodiments, the chimeric receptor comprises a NKG2D/NCR2/4-
1BB construct or an NKG2D/NCR3/4-1BB construct.

-6-
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[0024] In several embodiments, linkers, hinges, or other “spacing” elements are
provided for in the chimeric receptor constructs. For example, in several embodiments,
the effector domain comprises a linker. In several embodiments, the polynucleotides
encode a GS linker between the portions of the construct, such as between any of 4-1BB,
CD16, NCR1, NCR3, 2B4 or NKp80. In several embodiments, one or more GS linkers
are provided for, for example, 1, 2, 3, 4, 5, 6, or more. In several embodiments, there is
provided for a chimeric receptor comprising a hinge region. Depending on the location
within a particular construct, a hinge region can be synonymous with a linker region, and
vice versa. In several embodiments, the hinge region is encoded by the nucleic acid
sequence of SEQ ID NO: 5. In some embodiments, the hinge region can be truncated to a
desired length and is therefore encoded by a fragment of the nucleic acid sequence of
SEQ ID NO: 5. In several embodiments, a glycine-serine motif is used as a hinge. In
several embodiments, the hinge region is comprises a glycine-serine repeating motif
having the amino acid sequence of (GGGGS)n (SEQ ID NO: 31) where n is the number
of repeats. In several embodiments, 9 repeats are used, resulting in a hinge region
comprising the amino acid sequence of SEQ ID NO: 33. In several embodiments, 3
repeats are used, resulting in a hinge region comprising the amino acid sequence of SEQ
ID NO: 34.

[0025] In several embodiments, two separate molecules can be used as a hinge or
linker, such as the amino acid sequence of SEQ ID NO: 32 (CD8a/GS3). In several
embodiments, portions of a beta adrenergic receptor are used as a hinge or linker. In
several embodiments, portions of the beta-2 adrenergic receptor are used. In one
embodiment, an extracellular domain of the beta-2 adrenergic receptor is used, which is
encoded by the nucleic acid sequence of SEQ ID NO: 40. In some embodiments, the first
transmembrane helix of the beta-2 adrenergic receptor is used, which is encoded by the
nucleic acid sequence of SEQ ID NO: 42. Depending on the embodiment, these two beta-
2 adrenergic receptor portions are used together in the chimeric receptor. In several
embodiments, the extracellular receptor domain further comprises a CD8a signal peptide,
wherein the signal peptide comprises the nucleic acid sequence of SEQ ID NO. 4. Other
signal peptides are optionally used, depending on the embodiment. Signal peptides may
be employed in a multimeric format, according to some embodiments.

[0026] In several embodiments, the effector domain comprises one or more hemi-

ITAM sequences. In some such embodiments, the hemi-ITAM comprises the amino acid
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motif DGYXXL (where X is any amino acid; SEQ ID NO: 14). Multiple hemi-ITAMs
are used in some embodiments. In several embodiments, the hemi-ITAM comprises
NKp80. In several embodiments, the effector domain comprises one or more ITSM
sequences. ITSM sequences are used in conjunction with hemi-ITAM motifs in several
embodiments. In several embodiments, the ITSM comprises the amino acid motif
S/TXYXXL/I (where X is any amino acid; SEQ ID NO. 15). In several embodiments, the
effector comprises a 2B4 domain.

[0027] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to a GS3 linker, a CD8a hinge, a CD16 transmembrane/intracellular
domain and 4-1BB. In several embodiments, the chimeric receptor comprises a fragment
of NKG2D coupled to a GS3 linker, a CD16 transmembrane/intracellular domain and 4-
IBB. In several embodiments, the chimeric receptor comprises a fragment of NKG2D
coupled to a CD16 transmembrane/intracellular domain and 4-1BB. In several
embodiments, the chimeric receptor comprises a fragment of NKG2D coupled to a CD8a
hinge, a CD8a transmembrane domain, 4-1BB, and 2B4. In several embodiments, the
chimeric receptor comprises a fragment of NKG2D coupled to a beta-adrenergic
extracellular domain, a beta-adrenergic transmembrane domain, 4-1BB, and 2B4. 1In
several embodiments, the chimeric receptor comprises a fragment of NKG2D coupled to
a CD8a hinge, a CD8a transmembrane domain, 4-1BB, 2B4, a GS3 linker, and NKp80.
In several embodiments, the chimeric receptor comprises a fragment of NKG2D coupled
to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, a GS3 linker, and NKp80. In
several embodiments, the chimeric receptor comprises a fragment of NKG2D, wherein
the fragment is encoded by a sequence that is codon optimized coupled to a GS3 linker,
an additional NKG2D fragment, a beta-adrenergic extracellular domain, a beta-adrenergic
transmembrane domain, 4-1BB, an additional GS3 linker, and NKp80. In several
embodiments, the chimeric receptor comprises a fragment of NKG2D that is codon
optimized coupled to a GS3 linker, an additional NKG2D fragment, a CD8a hinge, a
CD8a transmembrane domain, 4-1BB, an additional GS3 linker, and NKp80. In several
embodiments, the chimeric receptor comprises a fragment of NKG2D that is codon
optimized coupled to a GS3 linker, an additional NKG2D fragment, a CD8a hinge, a
CD16 transmembrane/intracellular domain, and 4-1BB. In several embodiments,
chimeric receptor comprises a fragment of NKG2D coupled to a CD8a hinge, a CD16

transmembrane/intracellular domain, 4-1BB, and 2B4. In several embodiments, the
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chimeric receptor comprises a fragment of NKG2D coupled to a CD8a hinge, a CD16
transmembrane/intracellular domain, 4-1BB, a GS3 linker, and NKp80. In several
embodiments, the chimeric receptor comprises a fragment of NKG2D that is coupled to a
CD8a hinge and a CD8a transmembrane domain. In several embodiments, the effector
comprises 4-1BB. In some such embodiments the effector comprises 4-1BB optionally in
conjunction with one or more of NKp80, 2B4, CD3zeta, Dap10, Dap12, CD28, or other
signaling domains provided for herein). In several embodiments, the effector domain
further comprises CD3zeta. In several embodiments, the effector domain comprises an
intracellular domain of 2B4. In several embodiments, the effector domain further
comprises an intracellular domain of DAP10.

[0028] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, 2B4, and
CD3zeta. In several embodiments, the chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 58. In several embodiments, the chimeric receptor comprises
the amino acid sequence of SEQ ID NO: 59.

[0029] Additionally, any of chimeric receptors disclosed herein can also be co-
expressed with membrane-bound interleukin 15 (mbIL15). For example, provided for in
several embodiments is a polynucleotide encoding a chimeric receptor comprising an
extracellular receptor domain, wherein the extracellular receptor domain comprises a
peptide that binds native ligands of NKG2D, wherein the peptide that binds native ligands
of NKG2D is a fragment of NKG2D, a transmembrane region, an effector domain, the
polynucleotide being co-expressed with an additional construct encoding membrane-
bound interleukin 15 (mbIL15). In several embodiments, chimeric receptors as discussed
herein are co-expressed with mbIL-15. In several embodiments, the effector domain
comprises 4-1BB and CD3 zeta, and the transmembrane region comprises CD8a.

[0030] In several embodiments, the chimeric receptors are engineered such that
they do not include DNAX-activating protein 10 (DAP10). Additionally, in several
embodiments, the chimeric receptors are engineered such that they do not include an
ITAM motif.

[0031] In several embodiments, there is provided a polynucleotide encoding a
chimeric receptor comprising, one, two, or all of: (a) an extracellular receptor domain
comprising a fragment of NKG2D that binds native ligands of NKG2D, (b) a

transmembrane region, wherein the transmembrane region comprises CD8a, and (¢) an
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effector domain, wherein the effector domain comprises 4-1BB and the intracellular
domain of 2B4 or DAP10. In several embodiments, the effector domain comprises 2B4
followed by 4-1BB. In additional embodiments, the effector domain comprises 4-1BB
followed by 2B4. In several embodiments, the effector domain comprises DAP10
followed by 4-1BB. In additional embodiments, the effector domain comprises 4-1BB
followed by DAP10. In several embodiments, the chimeric receptor comprises the
fragment of NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-1BB,
and DAP10. In several embodiments, the chimeric receptor is encoded by the nucleic
acid sequence of SEQ ID NO: 60. In several embodiments, the chimeric receptor
comprises the amino acid sequence of SEQ ID NO: 61. In several embodiments, the
chimeric receptor comprises the fragment of NKG2D coupled to a CD8a hinge, a CD8a
transmembrane domain, 4-1BB, 2B4, and DAP10. In several embodiments, the effector
domain comprises 4-1BB, followed by DAP10, followed by 2B4. In several
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 62. In several embodiments, the chimeric receptor comprises the amino acid
sequence of SEQ ID NO: 63. In several embodiments, the effector domain comprises 4-
1BB, followed by 2B4, followed by DAP10. In several embodiments, the chimeric
receptor is encoded by the nucleic acid sequence of SEQ ID NO: 64. In several
embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO:
65.

[0032] In several embodiments, the chimeric receptor comprises a codon-
optimized fragment of NKG2D coupled to an intracellular effector domain. In several
embodiments, multiple fragments of NKG2D are employed, for example, an additional
NKG2D fragment (optionally codon optimized) is coupled to the first fragment by, for
example, a GS3 linker. In several embodiments, such chimeric receptors further
comprise a CD8a hinge, a CD8a transmembrane domain, 4-1BB, and CD3zeta. In several
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 66. In several embodiments, the chimeric receptor comprises the amino acid
sequence of SEQ ID NO: 67. In several embodiments, the polynucleotide is co-expressed
with an additional construct encoding membrane-bound interleukin 15 (mbIL15).

[0033] In several embodiments, there is provided a polynucleotide encoding a
chimeric receptor comprising an extracellular receptor domain, comprising a fragment of

NKG2D that binds a native ligand of NKG2D and is encoded by a fragment of SEQ ID
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NO: 1, a transmembrane region comprising a CD3zeta transmembrane region, and an
effector domain. In several embodiments, there is provided a polynucleotide encoding a
chimeric receptor comprising an extracellular receptor domain, comprising a fragment of
NKG2D that binds a native ligand of NKG2D and is encoded by SEQ ID NO. 2, a
transmembrane region comprising a CD3zeta transmembrane region, and an effector
domain. In several embodiments, there is provided a polynucleotide encoding a chimeric
receptor comprising an extracellular receptor domain, comprising a fragment of NKG2D
that binds a native ligand of NKG2D and is encoded by SEQ ID NO. 3, a transmembrane
region comprising a CD3zeta transmembrane region, and an effector domain. In several
embodiments, there is provided a polynucleotide encoding a chimeric receptor
comprising an extracellular receptor domain, comprising a fragment of NKG2D that
binds a native ligand of NKG2D and is encoded by SEQ ID NO. 68, a transmembrane
region comprising a CD3zeta transmembrane region, and an effector domain. In several
embodiments, fragments of the NKG2D encoded by any of SEQ ID NO. 2, 3, or 68 may
also be used. In several embodiments, the CD3zeta transmembrane region comprises the
amino acid sequence of SEQ ID NO: 69. Fragments of the sequence of SEQ ID NO: 69
are also use, in several embodiments, the fragments retaining the ability to transduce at
least about 65%, about 75%, about 85%, or about 95% of the signal transduction of a
native CD3 zeta subunit (including dimers). In several embodiments, the extracellular
receptor domain further comprises additional resides adjacent to the CD3zeta
transmembrane region. In several embodiments, the additional amino acids are
extracellular residues of a native CD3zeta sequence. In other embodiments, the
additional amino acids are randomly selected. In several embodiments, there are 2, 3, 4,
5, 6, 8, 10, 15, or 20 additional amino acids. In several embodiments, the chimeric
receptor domain comprises a hinge region, which in several embodiments, a CD8a hinge
encoded by the nucleic acid sequence of SEQ ID NO: 5. In several embodiments, the
hinge region is a CD8a hinge encoded by a fragment of the nucleic acid sequence of SEQ
ID NO: 5. Depending on the embodiment, the fragment is about 75%, about 80%, about
85%, about 90%, about 95% of the length of the nucleic acid sequence of SEQ ID NO: 5.
Depending on the embodiment, the fragment is about 75%, about 80%, about 85%, about
90%, about 95%, about 98%, or about 99% homologous to the nucleic acid sequence of
SEQ ID NO: 5. In several embodiments, the extracellular receptor domain further

comprises a CD8a signal peptide, which, depending on the embodiment, can comprise the
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nucleic acid sequence of SEQ ID NO. 4. In several embodiments, the effector domain
comprises 4-1BB. In several embodiments, the effector domain comprises a CD16
intracellular domain. In several embodiments, the effector domain comprises 4-1BB and
CD16 (with either moiety being “first” vs. “second” in the construct). In several
embodiments, repeats of one or more of 4-1BB and/or CD16 are used.

[0034] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized and is coupled to a CD8a hinge, a CD3zeta
transmembrane region, and an effector domain comprising 4-1BB. In several
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 78. In several embodiments, the chimeric receptor comprises the amino acid
sequence of SEQ ID NO: 79.

[0035] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising CD16 followed by 4-1BB. In several
embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO:
71. 1In several embodiments, the chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 70.

[0036] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized and coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising 4-1BB followed by CD16, optionally coupled
by a GS3 linker. In several embodiments, the chimeric receptor comprises the amino
acid sequence of SEQ ID NO: 85. In several embodiments, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 84.

[0037] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized and is coupled to a GS3 linker, an additional NKG2D
fragment, a CD8a hinge, a CD3zeta transmembrane region, and an effector domain
comprising a CD16 and 4-1BB. In several embodiments, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 72. In several embodiments, the
chimeric receptor comprises the amino acid sequence of SEQ ID NO: 73.

[0038] In several embodiments, the effector domain includes NKp80. In several
embodiments, the effector domain is NKp80. In several embodiments, the chimeric
receptor comprises a fragment of NKG2D that is coupled to a CD8a hinge, a CD3zeta

transmembrane region, and an effector domain comprising a CD16, 4-1BB, and NKp80,
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and optionally including a GS3 linker. In several embodiments, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 74. In several embodiments, the
chimeric receptor comprises the amino acid sequence of SEQ ID NO: 75. In several
embodiments, the chimeric receptor comprises the fragment of NKG2D that is codon
optimized and is coupled to a GS3 linker, an additional NKG2D fragment (optionally
codon optimized), a CD8a hinge, a CD3zeta transmembrane region, and an effector
domain comprising a CD16, 4-1BB, and NKp80, and optionally including a GS3 linker.
In several embodiments, the chimeric receptor is encoded by the nucleic acid sequence of
SEQ ID NO: 76. In several embodiments, the chimeric receptor comprises the amino
acid sequence of SEQ ID NO: 77. In several embodiments, the chimeric receptor
comprises a fragment of NKG2D that is codon optimized and is coupled to a CD8a hinge,
a CD3zeta transmembrane region, and an effector domain comprising 4-1BB and NKp80,
and optionally including a GS3 linker. In several embodiments, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 82. In several embodiments, the
chimeric receptor comprises the amino acid sequence of SEQ ID NO: 83.

[0039] In several embodiments, the effector domain comprises CD3zeta. In
several embodiments, the chimeric receptor comprises a fragment of NKG2D that is
codon optimized and is coupled to a CD8a hinge, a CD3zeta transmembrane region, and
an effector domain comprising 4-1BB and CD3zeta. In several embodiments, the
chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO: 80. In several
embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO:
81.

[0040] In several embodiments, the effector domain comprises FcRy. In several
embodiments, the chimeric receptor comprises a fragment of NKG2D coupled to a CD8a
hinge, a CD3zeta transmembrane region, and an effector domain comprising 4-1BB and
FcRy. In several embodiments, the chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 86. In several embodiments, the chimeric receptor comprises
the amino acid sequence of SEQ ID NO: 87.

[0041] In several embodiments, the effector domain comprises CD28. In several
embodiments, the chimeric receptor comprises a fragment of NKG2D coupled to a CD8a
hinge, a CD3zeta transmembrane region, and an effector domain comprising CD28 and

CD3zeta. In several embodiments, the chimeric receptor is encoded by the nucleic acid
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sequence of SEQ ID NO: 102. In several embodiments, the chimeric receptor comprises
the amino acid sequence of SEQ ID NO: 103.

[0042] In several embodiments, the effector domain comprises a GS linker.

[0043] In several embodiments, the polynucleotides disclosed herein are co-
expressed with membrane-bound interleukin 15 (mbIL15).

[0044] In several embodiments, a polynucleotide encoding a chimeric receptor
comprising an extracellular receptor domain comprising a fragment of NKG2D that is
capable of binding a native ligand of NKG2D and is encoded by a fragment of any one of
the sequence of SEQ ID NO: 1, of SEQ ID NO. 2, of SEQ ID NO. 3, or SEQ ID NO. 68,
and an effector domain comprising a transmembrane region and an intracellular signaling
domain. In several embodiments, there is provided a polynucleotide encoding a chimeric
receptor comprising an extracellular receptor domain comprising a fragment of NKG2D
that is capable of binding a native ligand of NKG2D and is encoded by (i) a fragment of
the sequence of SEQ ID NO: 1, (ii) the sequence of SEQ ID NO. 2, (iii) the sequence of
SEQ ID NO. 3, or (iv) the sequence of SEQ ID NO. 68, and an effector domain
comprising a transmembrane region and an intracellular signaling domain. In several
embodiments, a polynucleotide encoding a chimeric receptor comprising an extracellular
receptor domain comprising a fragment of NKG2D that is capable of binding a native
ligand of NKG2D and is encoded by the sequence of SEQ ID NO. 2, and an effector
domain comprising a transmembrane region and an intracellular signaling domain. In
several embodiments, a polynucleotide encoding a chimeric receptor comprising an
extracellular receptor domain comprising a fragment of NKG2D that is capable of
binding a native ligand of NKG2D and is encoded by the sequence of SEQ ID NO. 3, and
an effector domain comprising a transmembrane region and an intracellular signaling
domain. In several embodiments, a polynucleotide encoding a chimeric receptor
comprising an extracellular receptor domain comprising a fragment of NKG2D that is
capable of binding a native ligand of NKG2D and is encoded by a fragment of the
sequence of SEQ ID NO. 68, and an effector domain comprising a transmembrane region
and an intracellular signaling domain. In several embodiments, the extracellular receptor
domain comprises a hinge region. In several embodiments, the hinge region is a CD8a
hinge encoded by the nucleic acid sequence of SEQ ID NO: 5, or optionally a fragment of
the nucleic acid sequence of SEQ ID NO: 5 (e.g., a fragment having about 75%, about
85%, about 95% homology to SEQ ID NO: 5). In several embodiments, the hinge region
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is an Immunoglobulin G4 (IgG4) hinge encoded by the nucleic acid sequence of SEQ ID
NO: 104. In several embodiments, the hinge region is an Immunoglobulin G4 (IgG4)
hinge encoded by a fragment of the nucleic acid sequence of SEQ ID NO: 104 (e.g., a
fragment having about 75%, about 85%, about 95% homology to SEQ ID NO: 104). In
several embodiments, the extracellular receptor domain further comprises a CD8a signal
peptide, wherein the signal peptide comprises the nucleic acid sequence of SEQ ID NO.
4. In several embodiments, the effector domain comprises at least one signaling domains
selected from the group consisting of OX40 (CD134), CD3zeta, 4-1BB, CD28 and
DAP12. In several embodiments, the chimeric receptor transmembrane domain
comprises a CD8 transmembrane domain. In several embodiments, the chimeric receptor
comprises IL-15 linked (optionally by a GS3 linker) to the fragment of NKG2D coupled
to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, and CD3z. In several
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 88. In several embodiments, the chimeric receptor comprises the amino acid
sequence of SEQ ID NO: 89.

[0045] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to an IgG4 hinge, a CD8a transmembrane domain, 4-1BB, and CD3zeta.
In several embodiments, the chimeric receptor is encoded by the nucleic acid sequence of
SEQ ID NO: 96. In several embodiments, the chimeric receptor comprises the amino
acid sequence of SEQ ID NO: 97.

[0046] In several embodiments, the effector domain comprises OX40. In several
embodiments, the chimeric receptor comprises the fragment of NKG2D coupled to a
CD8a hinge, a CD8a transmembrane domain, OX40, and CD3z. In several embodiments,
the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO: 90. In
several embodiments, the chimeric receptor is encoded by the nucleic acid sequence of
SEQ ID NO: 109. In several embodiments, the chimeric receptor comprises the amino
acid sequence of SEQ ID NO: 91. In several embodiments, the chimeric receptor
comprises a fragment of NKG2D coupled to an IgG4 hinge, a CD8a transmembrane
domain, OX40 and CD3zeta. In several embodiments, the chimeric receptor is encoded
by the nucleic acid sequence of SEQ ID NO: 100. In several embodiments, the chimeric
receptor comprises the amino acid sequence of SEQ ID NO: 101.

[0047] In several embodiments, the chimeric receptor comprises a CD28

transmembrane/intracellular domain. In several embodiments, the chimeric receptor
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comprises the fragment of NKG2D coupled to a CDS8a hinge, a CD28
transmembrane/intracellular domain, and CD3zeta. In several embodiments, the chimeric
receptor is encoded by the nucleic acid sequence of SEQ ID NO: 92. In several
embodiments, the chimeric receptor comprises the amino acid sequence of SEQ ID NO:
93.

[0048] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to a CD8a hinge, a CD28 transmembrane/intracellular domain, 4-1BB,
and CD3zeta. In several embodiments, the chimeric receptor is encoded by the nucleic
acid sequence of SEQ ID NO: 94. In several embodiments, the chimeric receptor
comprises the amino acid sequence of SEQ ID NO: 95.

[0049] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to an IgG4 hinge, a CD28 transmembrane/intracellular domain and
CD3zeta. In several embodiments, the chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 98. In several embodiments, the chimeric receptor comprises
the amino acid sequence of SEQ ID NO: 99.

[0050] In several embodiments, the effector domain comprises a GS linker. In
several embodiments, the polynucleotides disclosed herein are configured to be co-
expressed (either on the same polynucleotide, or another polynucleotide) with membrane-
bound interleukin 15 (mbIL15)

[0051] Any of the chimeric receptors can optionally include an extracellular
receptor domain that includes a second peptide that binds native ligands of NKG2D. In
several embodiments, the second peptide is homologous with NKG2D, while in other
embodiments, the second peptide is heterologous with respect to the NKG2D. Whether
the chimeric receptor includes a dimerized extracellular receptor domain, the extracellular
receptor domains can recognize at least the following native ligands of NKG2D: MICA,
MICB, ULBP1, ULBP2, ULBP3, ULBP4, ULBPS5 or ULBP6.

[0052] As discussed in more detail below, functional variants of the NKG2D
ligand binding domains are employed in several embodiments. For example the peptide
that binds native ligands of NKG2D has, in several embodiments, at least 80% homology
to SEQ ID NO: 1, SEQ ID NO: 2, SEQ ID NO: 3, or SEQ ID NO: 68. In several
embodiments, the peptide that binds native ligands of NKG2D has at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, or at least 95% homology to SEQ ID NO:
1, SEQ ID NO: 2, SEQ ID NO: 3, or SEQ ID NO: 68.
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[0053] Additionally provided for herein in several embodiments are vectors for
expressing the chimeric receptors. In several embodiments, the polynucleotides provided
for herein are mRNA and can include an operable linkage to least one regulatory element
for the expression of the chimeric receptor. In several embodiments, the polynucleotides
further include one or more internal ribosome entry site (IRES). In several embodiments,
the vector is a retrovirus.

[0054] Engineered natural killer cells are also provided for, in several
embodiments, that express any of the chimeric receptor constructs disclosed herein, the
engineered NK cells exhibiting enhanced cytotoxic effects against target cells. Enhanced
cytotoxic effects include, but are not limited to, higher affinity for target (e.g., cancerous)
cells as compared to normal (e.g., non-cancerous) cells, a greater killing effect directed
against target cells, reduced off-target effects, increased duration of cytotoxic effects,
more efficient cytotoxicity, and the like. Such enhanced effects can be identified through
the use of various in vitro cytotoxicity assays (e.g., measurement of cytokine production,
etc.), measurement of target cell death, or through wvarious clinical outcomes (e.g.,
reduction in tumor burden). In several embodiments, the engineered NK cells are an
autologous cell isolated from a patient. In additional embodiments, the engineered NK
cells are generated from allogeneic cells isolated from a donor. Such engineered NK cells
as disclosed herein are used, in several embodiments, to enhance NK cell cytotoxicity in a
mammal in need thereof, by administering the NK cells. These engineered NK cells are
used, in several embodiments for treating or preventing cancer or an infectious disease in
a mammal. The polynucleotides encoding, the vectors carrying, and the NK cells
expressing the various chimeric receptors disclosed herein can also be used, in several
embodiments in the manufacture of a medicament for enhancing NK cell cytotoxicity
(e.g., to treat or prevent cancer or an infectious disease). In several embodiments, the
chimeric receptor constructs disclosed herein do not significantly increase the
cytotoxicity of the engineered NK cells against normal cells and, as described herein, are
advantageously improved as compared to non-engineered NK cells.In several
embodiments, there is provided a polynucleotide encoding a chimeric receptor
comprising an extracellular receptor domain, a transmembrane region, and an effector
domain. In several embodiments, the extracellular receptor domain comprises a peptide
that binds native ligands of Natural Killer Group 2 member D (NKG2D), wherein the
peptide that binds native ligands of NKG2D is a fragment of NKG2D. Several
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embodiments, relate to a polynucleotide encoding a chimeric receptor comprising: (a) an
extracellular receptor domain, wherein said extracellular receptor domain comprises a
peptide that binds native ligands of Natural Killer Group 2 member D (NKG2D), wherein
the peptide that binds native ligands of NKG2D is a fragment of NKG2D, wherein the
fragment of NKG2D is encoded by a polynucleotide comprising: (1) a fragment of the
sequence of SEQ ID NO: 1, (i1) the sequence of SEQ ID NO. 2, (iii) the sequence of SEQ
ID NO. 3, or (iv) the sequence of SEQ ID NO. 68, (b) a transmembrane region, and (¢) an
effector domain.

[0055] In several embodiments, there is provided a polynucleotide encoding a
chimeric receptor comprising: (a) an extracellular receptor domain, wherein said
extracellular receptor domain comprises a peptide that binds native ligands of Natural
Killer Group 2 member D (NKG2D), wherein the peptide that binds native ligands of
NKG2D is a fragment of NKG2D, wherein the fragment of NKG2D is encoded by a
polynucleotide comprising: (i) a fragment of the sequence of SEQ ID NO: 1, (ii) the
sequence of SEQ ID NO. 2, (iii) the sequence of SEQ ID NO. 3, (iv) or the sequence of
SEQ ID NO. 68; and (b) an effector domain comprising a transmembrane region and an
intracellular signaling domain.

[0056] In several embodiments, the transmembrane region comprises a CD3zeta
transmembrane region. In several embodiments, the CD3zeta transmembrane region
comprises the amino acid sequence of SEQ ID NO: 69. In several embodiments, the
transmembrane region comprises CD8a. In several embodiments, the effector domain
comprises 4-1BB, an intracellular domain of 2B4, NKp80, a CD16 intracellular domain,
Natural Cytotoxicity Triggering Receptor 1 (NCR1), Natural Cytotoxicity Triggering
Receptor 2 (NCR2), Natural Cytotoxicity Triggering Receptor 3 (NCR3), and/or an
intracellular domain of DAP10. In one embodiment, the effector domain comprises 4-
IBB and CD16. In several embodiments, the effector domain comprises 4-1BB and CD3
zeta. In several embodiments, the effector domain comprises 4-1BB and an intracellular
domain of 2B4 or DAP10. In several embodiments, the effector domain comprises 2B4
followed by 4-1BB while in other embodiments the effector domain comprises 4-1BB
followed by 2B4. In several embodiments, the effector domain comprises DAP10
followed by 4-1BB. In several embodiments, the effector domain comprises 4-1BB
followed by DAP10. In several embodiments, the effector domain further comprises

CD3zeta. In several embodiments, the effector domain comprises at least one signaling
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domain selected from the group consisting of OX40 (CD134), CD3zeta, 4-1BB, CD28
and DAP12. In several embodiments the effector domain comprises one or more hemi-
ITAM sequences. In several embodiments, the hemi-ITAM comprises the amino acid
sequence of SEQ ID NO. 14. In several embodiments, the hemi-ITAM comprises the
amino acid sequence of SEQ ID NO. 37. In several embodiments, the effector domain
comprises one or more ITSM sequences. In several embodiments, the ITSM comprises
the amino acid sequence of SEQ ID NO. 15 or the amino acid sequence of SEQ ID NO.
35

[0057] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, 2B4, and
CD3zeta. In one embodiment, the chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 58. In one embodiment, the chimeric receptor comprises the
amino acid sequence of SEQ ID NO: 59. In several embodiments, the chimeric receptor
comprises a fragment of NKG2D coupled to a CD8a hinge, a CD8a transmembrane
domain, 4-1BB, and DAP10. In several embodiments, the chimeric receptor is encoded
by the nucleic acid sequence of SEQ ID NO: 60 and comprises the amino acid sequence
of SEQ ID NO: 61.

[0058] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, 2B4, and
DAP10. In several embodiments, the effector domain comprises 4-1BB, followed by
DAPI10, followed by 2B4. In some embodiments, the chimeric receptor is encoded by the
nucleic acid sequence of SEQ ID NO: 62 and the chimeric receptor comprises the amino
acid sequence of SEQ ID NO: 63. In several embodiments, the effector domain
comprises 4-1BB, followed by 2B4, followed by DAP10. In several embodiments, the
chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO: 64 and the
chimeric receptor comprises the amino acid sequence of SEQ ID NO: 65.

[0059] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized coupled to a GS3 linker, an additional NKG2D
fragment, a CD8a hinge, a CD8a transmembrane domain, 4-1BB, and CD3zeta. In one
embodiment, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 66. In several embodiments, the chimeric receptor comprises the amino acid

sequence of SEQ ID NO: 67.
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[0060] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising 4-1BB, is encoded by the nucleic acid
sequence of SEQ ID NO: 78 and/or comprises the amino acid sequence of SEQ ID NO:
79.

[0061] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising CD16 followed by 4-1BB. In several
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 70 and/or comprises the amino acid sequence of SEQ ID NO: 71.

[0062] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising 4-1BB followed by a GS3 linker and CD16. In
one embodiment, the chimeric receptor comprises the amino acid sequence of SEQ ID
NO: 85 and/or is encoded by the nucleic acid sequence of SEQ ID NO: 84.

[0063] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized coupled to a GS3 linker, an additional NKG2D
fragment, a CD8a hinge, a CD3zeta transmembrane region, and an effector domain
comprising a CD16 and 4-1BB. In one embodiment, the chimeric receptor is encoded by
the nucleic acid sequence of SEQ ID NO: 72 and/or comprises the amino acid sequence
of SEQ ID NO: 73.

[0064] In several embodiments, the chimeric receptor comprises IL-15 linked by
a GS3 linker to the fragment of NKG2D coupled to a CD8a hinge, a CD8a
transmembrane domain, 4-1BB, and CD3zeta, is encoded by the nucleic acid sequence of
SEQ ID NO: 88 and/or comprises the amino acid sequence of SEQ ID NO: 89.

[0065] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a IgG4 hinge, a CD8a transmembrane domain, 4-1BB, and CD3zeta
is encoded by the nucleic acid sequence of SEQ ID NO: 96, and/or comprises the amino
acid sequence of SEQ ID NO: 97.

[0066] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, OX40, and CD3z,is
encoded by the nucleic acid sequence of SEQ ID NO: 90, and/or comprises the amino

acid sequence of SEQ ID NO: 91.
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[0067] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to an IgG4 hinge, a CD8a transmembrane domain, OX40 and CD3zeta,
is encoded by the nucleic acid sequence of SEQ ID NO: 100, and/or comprises the amino
acid sequence of SEQ ID NO: 101.

[0068] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD28 transmembrane/intracellular domain, and
CD3zeta, is encoded by the nucleic acid sequence of SEQ ID NO: 92, and/or comprises
the amino acid sequence of SEQ ID NO: 93.

[0069] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD28 transmembrane/intracellular domain, 4-1BB,
and CD3zeta, is encoded by the nucleic acid sequence of SEQ ID NO: 94, and/or
comprises the amino acid sequence of SEQ ID NO: 95.

[0070] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to an IgG4 hinge, a CD28 transmembrane/intracellular domain and
CD3zeta, is encoded by the nucleic acid sequence of SEQ ID NO: 98, and/or comprises
the amino acid sequence of SEQ ID NO: 99.

[0071] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D coupled to a CD8a hinge, a CD3zeta transmembrane region, and an effector
domain comprising a CD16, 4-1BB, a GS3 linker, and NKp80. In one embodiment, the
chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO: 74 and/or
comprises the amino acid sequence of SEQ ID NO: 75.

[0072] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D that is codon optimized coupled to a GS3 linker, an additional NKG2D
fragment, a CD8a hinge, a CD3zeta transmembrane region, and an effector domain
comprising a CD16, 4-1BB, a GS3 linker, and NKp80. In one embodiment, the chimeric
receptor is encoded by the nucleic acid sequence of SEQ ID NO: 76 and/or comprises the
amino acid sequence of SEQ ID NO: 77. In several embodiments, the chimeric receptor
comprises a fragment of NKG2D that is codon optimized coupled to a CD8a hinge, a
CD3zeta transmembrane region, and an effector domain comprising 4-1BB, a GS3 linker,
and NKp80. In one embodiment, the chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 82 and/or comprises the amino acid sequence of SEQ ID NO:
83.
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[0073] In several embodiments, the chimeric receptor comprises a fragment of
NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising 4-1BB and CD3zeta. In one embodiment, the
chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO: 80 and/or
comprises the amino acid sequence of SEQ ID NO: 81.

[0074] Depending on the embodiment, the effector domain may also comprise
FcRy. For example, in several embodiments, the chimeric receptor comprises a fragment
of NKG2D coupled to a CD8a hinge, a CD3zeta transmembrane region, and an effector
domain comprising 4-1BB and FcRy. In one embodiment, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 86 and/or comprises the amino acid
sequence of SEQ ID NO: 87.

[0075] Depending on the embodiment, the effector domain may also comprise
CD28. For example, in several embodiments, the chimeric receptor comprises a fragment
of NKG2D coupled to a CD8a hinge, a CD3zeta transmembrane region, and an effector
domain comprising CD28 and CD3zeta. In several embodiments, the chimeric receptor is
encoded by the nucleic acid sequence of SEQ ID NO: 102 and/or comprises the amino
acid sequence of SEQ ID NO: 103.

[0076] In several embodiments, the effector domain comprises a GS linker.

[0077] In several embodiments, the extracellular receptor domain further
comprises a CD8a signal peptide, wherein the signal peptide comprises the nucleic acid
sequence of SEQ ID NO. 4. In several embodiments, the extracellular receptor domain
further comprises 2 extracellular residues of CD3zeta directly adjacent to the CD3zeta
transmembrane region. In several embodiments, the extracellular receptor domain
comprises a CD8a signal peptide, wherein the signal peptide comprises the nucleic acid
sequence of SEQ ID NO. 4.

[0078] In several embodiments, the chimeric receptor comprises one or more GS3
linkers. In several embodiments, the chimeric receptor domain comprises a hinge region.
In several embodiments, the hinge region is encoded by the nucleic acid sequence of SEQ
ID NO: 5, while in some embodiments, the hinge region is encoded by a fragment of the
nucleic acid sequence of SEQ ID NO: 5. In several embodiments, the hinge region is a
CD8a hinge. In several embodiments, the hinge region comprises a glycine-serine
repeating motif having the amino acid sequence of SEQ ID NO: 31. In several

embodiments, the hinge region comprises the amino acid sequence of SEQ ID NO: 32
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and in some embodiments, the hinge region comprises the amino acid sequence of SEQ
ID NO: 33. In additional embodiments, the hinge region is encoded by the nucleic acid
sequence of SEQ ID NO: 34. In several embodiments, the hinge region comprises a
portion of the beta-adrenergic receptor. In some such embodiments, the hinge region is
encoded by the nucleic acid sequence of SEQ ID NO: 40. In additional embodiments, the
hinge region is encoded by the nucleic acid sequence of SEQ ID NO: 42. In several
embodiments, the hinge region is Immunoglobulin G4 (IgG4) hinge encoded by the
nucleic acid sequence of SEQ ID NO: 104. In several embodiments, the hinge region is a
Immunoglobulin G4 (IgG4) hinge encoded by a fragment of the nucleic acid sequence of
SEQ ID NO: 104. In several embodiments, the chimeric receptor comprises the fragment
of NKG2D coupled to a CD8a hinge and a CD8a transmembrane domain.

[0079] In one embodiment, the chimeric receptor comprises the fragment of
NKG2D coupled to CD16, is encoded by the nucleic acid sequence of SEQ ID NO: 23,
and/or comprises the amino acid sequence of SEQ ID NO: 24. In one embodiment, the
chimeric receptor comprises the fragment of NKG2D coupled to NCR1. In some such
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 27 and/or comprises the amino acid sequence of SEQ ID NO: 28. In several
embodiments, the chimeric receptor comprises at least a portion of the amino acid
sequence of SEQ ID NO: 21. In several embodiments, the chimeric receptor comprises
the fragment of NKG2D coupled to NCR3, in several embodiments is encoded by the
nucleic acid sequence of SEQ ID NO. 29 and/or comprises the amino acid sequence of
SEQ ID NO. 30.

[0080] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD16 transmembrane/intracellular domain and 4-1BB. In several
embodiments, the chimeric receptor comprises the fragment of NKG2D coupled to a
CD8a hinge, a CD16 transmembrane/intracellular domain and 4-1BB, is encoded by the
nucleic acid sequence of SEQ ID NO: 25, and/or comprises the amino acid sequence of
SEQ ID NO: 26.

[0081] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to NCR1 and 4-1BB, wherein the chimeric receptor comprises the
NCR1 amino acid sequence of SEQ ID NO: 20.
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[0082] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to CD8a, 4-1BB and CD3z, is encoded by the nucleic acid sequence of
SEQ ID NO. 18 and/or comprises the amino acid sequence of SEQ ID NO. 19.

[0083] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to NCR3 and 4-1BB, and wherein the NCR3 comprises the amino acid
sequence of SEQ ID NO: 22. In one embodiment, the chimeric receptor comprises one or
more of the NCR1 transmembrane/intracellular domain of SEQ ID NO: 20 or the NCR3
transmembrane/intracellular domain of SEQ ID NO: 22.

[0084] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a GS3 linker, a CD8a hinge, a CD16 transmembrane/intracellular
domain and 4-1BB. In several embodiments, the chimeric receptor is encoded by the
nucleic acid sequence of SEQ ID NO: 43. In several embodiments, the chimeric
receptors comprises the fragment of NKG2D coupled to a GS3 linker, a CDI16
transmembrane/intracellular domain and 4-1BB. In one embodiment, the chimeric
receptor is encoded by the nucleic acid sequence of SEQ ID NO: 44,

[0085] In several embodiments, the the chimeric receptor comprises the fragment
of NKG2D coupled to a CD16 transmembrane/intracellular domain and 4-1BB and is
encoded by the nucleic acid sequence of SEQ ID NO: 45.

[0086] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, and 2B4 and
is encoded by the nucleic acid sequence of SEQ ID NO: 46.

[0087] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a beta-adrenergic extracellular domain, a beta-adrenergic
transmembrane domain, 4-1BB, and 2B4 and is encoded by the nucleic acid sequence of
SEQ ID NO: 47.

[0088] In several embodiments the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, 2B4, a GS3
linker, and NKp80 and is encoded by the nucleic acid sequence of SEQ ID NO: 48.

[0089] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-1BB, a GS3 linker,
and NKp80 and is encoded by the nucleic acid sequence of SEQ ID NO: 49.

[0090] In several embodiments, the chimeric receptor comprises the fragment of

NKG2D that is codon optimized coupled to a GS3 linker, an additional NKG2D
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fragment, a beta-adrenergic extracellular domain, a beta-adrenergic transmembrane
domain, 4-1BB, an additional GS3 linker, and NKp80 and is encoded by the nucleic acid
sequence of SEQ ID NO: 50.

[0091] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D that is codon optimized coupled to a GS3 linker, an additional NKG2D
fragment, a CD8a hinge, a CD8a transmembrane domain, 4-1BB, an additional GS3
linker, and NKp80 and is encoded by the nucleic acid sequence of SEQ ID NO: 51.

[0092] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D that is codon optimized coupled to a GS3 linker, an additional NKG2D
fragment, a CD8a hinge, a CD16 transmembrane/intracellular domain, and 4-1BB and is
encoded by the nucleic acid sequence of SEQ ID NO: 52.

[0093] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD16 transmembrane/intracellular domain, 4-1BB,
and 2B4 and is encoded by the nucleic acid sequence of SEQ ID NO: 53.

[0094] In several embodiments, the chimeric receptor comprises the fragment of
NKG2D coupled to a CD8a hinge, a CD16 transmembrane/intracellular domain, 4-1BB, a
GS3 linker, and NKp80 and is encoded by the nucleic acid sequence of SEQ ID NO: 54.

[0095] In several embodiments, the chimeric receptor constructs are encoded by a
polynucleotide that encodes a chimeric receptor wherein the extracellular receptor
domain comprises a second peptide that binds native ligands of NKG2D, (e.g., one or
more of MICA, MICB, ULBP1, ULBP2, ULBP3, ULBP4, ULBP5 or ULBPS.
Depending on the embodiment, the peptide that binds native ligands of NKG2D has at
least 80% homology to SEQ ID NO: 1, SEQ ID NO: 2, or SEQ ID NO. 3.

[0096] In several embodiments, the polynucleotide is co-expressed with an
additional construct encoding membrane-bound interleukin 15 (mbIL15). In several
embodiments, the chimeric receptor is encoded by the nucleic acid sequence of SEQ ID
NO: 18. In several embodiments, the chimeric receptor is encoded by the amino acid
sequence of SEQ ID NO: 19.

[0097] According to several embodiments, the chimeric receptor does not
comprise DNAX-activating protein 10 (DAP10) and/or the chimeric receptor does not

encode an immunoreceptor tyrosine-based activation (ITAM) motif.
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[0098] In several embodiments, the polynucleotides disclosed herein are mRNA.
Additionally, in several embodiments, the polynucleotide disclosed herein are operably
linked to at least one regulatory element for the expression of the chimeric receptor.

[0099] Also provided for herein are vectors that comprise the polynucleotides
disclosed herein. In several embodiments, the polynucleotide is operatively linked to at
least one regulatory element for expression of the chimeric receptor. In several
embodiments, the vector is a retrovirus.

[00100] Also provided for herein are genetically engineered natural killer
cells comprising the any one or more of the polynucleotides disclosed herein. In several
embodiments, the natural killer cells are for autologous use, while in some embodiments
they are for allogeneic use.

[00101] Also provided for herein are methods of enhancing NK cell
cytotoxicity in a mammal in need thereof, comprising administering to the mammal NK
cells, wherein said NK cells express a chimeric receptor encoded by a polynucleotide
disclosed herein.

[00102] Additionally, there are provided methods for treating or preventing
cancer or an infectious disease in a mammal in need thereof, said method comprising
administering to said mammal a therapeutically effective amount of NK cells, wherein
said NK cells express a chimeric receptor encoded by a polynucleotide disclosed herein.
As disclosed above, the NK cells can be allogeneic or autologous.

[00103] There is provided a use of a polynucleotide as disclosed herein in
the manufacture of a medicament for enhancing NK cell cytotoxicity in a mammal in
need thereof. Further there is provided a use of a polynucleotide in the manufacture of a
medicament for treating or preventing cancer or an infectious disease in a mammal in
need thereof.

[00104] Also provided is the use of a vector comprising a polynucleotide
disclosed herein in the manufacture of a medicament for enhancing NK cell cytotoxicity
in a mammal in need thereof. Also provided is the use of a vector comprising a
polynucleotide disclosed herein in the manufacture of a medicament for treating or
preventing cancer or an infectious disease in a mammal in need thereof.

[00105] Also provided is the use of an isolated genetically engineered
natural killer cell expressing a chimeric receptor as disclosed herein for enhancing NK

cell cytotoxicity in a mammal in need thereof. Also provided is the use of an isolated

-26-



WO 2018/183385 PCT/US2018/024650

genetically engineered natural killer cell expressing a chimeric receptor as disclosed
herein for treating or preventing cancer or an infectious disease in a mammal in need
thereof.

[00106] The compositions and related methods summarized above and set
forth in further detail below describe certain actions taken by a practitioner, however, it
should be understood that they can also include the instruction of those actions by another
party. Thus, actions such as “administering a population of NK cells expressing a
chimeric receptor” include “instructing the administration of a population of NK cells

expressing a chimeric receptor.”

BRIEF DESCRIPTION OF THE DRAWINGS

[00107] The descriptions of the figures below are related to experiments
and results that represent non-limiting embodiments of the inventions disclosed herein.

[00108] FIGs. 1A-1C depict schematic representations of the chimeric
receptors according to several embodiments disclosed herein. FIG. 1A depicts
endogenous NKG2D, FIG. 1B depicts NKG2D-DAP10-CD3{, and FIG. 1C depicts
NKG2D-41BB-CD3(.

[00109] FIGs. 2A-2B depict schematic representations of the chimeric
receptors, according to several embodiments disclosed herein. FIG. 2A depicts NKG2D-
CD16 and FIG. 2B depicts NKG2D-CD16-41BB.

[00110] FIGs. 3A-3B depict plasmid maps illustrating the point of insertion
of certain constructs according to several embodiments into the plasmids, illustrated is a
Murine Stem Cell Virus (MSCV) plasmid. FIG. 3A shows gene constructs for NKG2D-
DAP10-CD3( and NKG2D-41BB-CD3( that were inserted into the EcoRI and Notl
restriction sites, with removal the IRES-GFP sequence in the vector. FIG. 3B depicts the
plasmids for NKG2D-CD16 and NKG2D-CD16-41BB that were inserted into EcoRI and
Xhol restriction sites located in the multiple cloning site (MCS). IRES-GFP sequence in
the vector allows for the tracing of transduction efficiency.

[00111] FIGs. 4A-4C depict data related to the expression of NKG2D-
DAP10-CD3( and NKG2D-41BB-CD3( in NK cells. FIG. 4A shows flow cytometry
data illustrating the percentage of NKG2D-positive NK cells after transduction. FIG. 4B

shows a dot plots summarizing the percentage of NKG2D-positive NK cells. FIG. 4C
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shows data related to the mean fluorescence intensity (MFI) in different group of NK
cells after transduction.

[00112] FIGs. 5A-5C depict data related to the cytotoxicity of the various
constructs generated from NK cells from Donor 1, Donor 2, and Donor 3 (FIGs. 5A, 5B,
and 5C, respectively) against cultured REH cells.

[00113] FIGs. 6A-6C depict data related to the cytotoxicity of the various
constructs generated from NK cells from Donor 1, Donor 2, and Donor 3 (FIGs. 6A, 6B,
and 6C, respectively) against cultured U-2 OS cells.

[00114] FIGs. 7A-7B depict data related to the production of interferon-
gamma by NK cells expressing various NKG2D constructs in the presence and absence of
stimulation with REH cells. FIG. 7A depicts the relative amount of IFNy in the different
groups of NK cells with or without stimulation by REH cells. FIG. 7B depicts levels of
IFNy between different groups of NK cells after stimulation (median values represented).

[00115] FIGs. 8A-8C depict data related to the expression of NKG2D-
DAP10-CD3( and NKG2D-CD16 in NK cells. FIG. 8A shows flow cytometry data
illustrating the percentage of NKG2D-positive NK cells after transduction. FIG. 8B
shows a dot plots summarizing the percentage of NKG2D-positive NK cells. FIG. 8C
shows data related to the mean fluorescence intensity (MFI) in different group of NK
cells after transduction.

[00116] FIGs. 9A-9C depict data related to the cytotoxicity of the various
constructs generated from NK cells from 3 donors (FIGs. 9A, 9B, and 9C, respectively)
against cultured REH cells.

[00117] FIGs. 10A-10C depict data related to the cytotoxicity of the
various constructs generated from NK cells from 3 donors (FIGs. 10A, 10B, and 10C,
respectively) against cultured U-2 OS cells.

[00118] FIG. 11 depicts data related to the production of interferon-gamma
by NK cells expressing various NKG2D constructs in the presence and absence of
stimulation with REH cells.

[00119] FIGs. 12A-12B depict data related to expression of NKG2D-
DAP10-CD3( and NKG2D-CD16-41BB in NK cells. FIG. 12A shows flow cytometry
data illustrating the percentage of NKG2D-positive NK cells after transduction. FIG. 12B
shows a histogram related to relative amount of surface expression of the various

constructs on NK cells.
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[00120] FIGs. 13A-13B depict data related to the degree of cytotoxicity of
various NKG2d constructs. FIG. 13A depicts the degree of cytotoxicity against cultured
REH cells. FIG. 13B depicts the degree of cytotoxicity against cultured U20S cells.

[00121] FIG. 14 schematically depicts construct maps of several NKG2D
constructs according to some embodiments disclosed herein.

[00122] FIG. 15 schematically depicts construct maps of additional
NKG2D constructs according to some embodiments disclosed herein.

[00123] FIGs. 16A-16C depict data related to the expression of the various
NKG2D constructs in NK cells. FIG. 16A shows data related to the mean fluorescence
intensity (MFI) of the various NKG2D constructs in NK cells. FIG. 16B shows flow
cytometry data illustrating the percentage of NKG2D-positive and CD56-positive NK
cells after transduction of various NKG2D constructs into the NK cells of two donors
(505 and 870). FIG. 16C shows data related to the mean fluorescence intensity (MFI) in
NK cells from 2 donors seven days after transduction.

[00124] FIG. 17 depicts data related to the cytotoxicity of the various
NKG2D constructs 14 days post-transduction into NK cells ata 1:1 E:T ratio.

[00125] FIGs. 18A-18B depicts data related to the expression of the various
NKG2D constructs following transduction into NK cells. FIG. 18 A shows data related to
the mean fluorescence intensity (MFI) in NK cells seven days after transduction. FIG.
18B shows data related to the fold-change in MFI of the various NKG2D constructs
relative to the mock-transduced NK cells.

[00126] FIGs. 19A-19B depict data related to the cytotoxicity of the
various NKG2D constructs. FIG. 19A shows data related to the cytotoxicity of the
various NKG2D constructs transduced into NK cells at a 1:1 E:T ratio. FIG. 19B shows
data related to the percent change in cytotoxicity of the various NKG2D constructs
relative to the mock-transduced NK cells.

[00127] FIG. 20 depicts data related to the cytotoxicity of the various
NKG2D constructs 14 days post-transduction into NK cells at a 1:1 E:T ratio. Prior to
analysis NK cells were cultured in media supplemented with 40 IU of IL-2/mL.

[00128] FIG. 21 depicts data related to the cytotoxicity of the various
NKG2D constructs 10 days post-transduction into Donor 238 NK cells (with 4 days of
culturing in media supplemented with 40 IU of IL-2/mL every two days) against cultured
REH cells at 1:1 and 1:2 E:T ratios for two hours.
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[00129] FIG. 22 schematically depicts construct maps of additional
NKG2D constructs according to embodiments disclosed herein.

[00130] FIGs. 23A-23B depict data related to the persistence of the various
NKG2D constructs generated from NK cells from two different donors (Donor 61 and
Donor 103 in FIGs. 23A and 23B, respectively). NK cells were cultured in media
supplemented with 40 IU of IL-2/mL.

[00131] FIG. 24 depicts data related to the expression of the various
NKG2D constructs. NK cells were expanded from peripheral blood mononuclear cells
(PBMC) of 4 healthy donors (224, 225, 362 and 363) and transduced with viruses
directing the expression of the indicated constructs. Three days following transduction,
NK cells were stained with a fluorescently labelled anti-NKG2D antibody and analyzed
using flow cytometry. Relative NKG2D expression was assessed by mean fluorescence
intensity (MFI) of labeled cells.

[00132] FIGs. 25A-25B depict data related to the cytotoxicity of NK cells
transduced with various NKG2D constructs. NK cells were expanded from PBMC of 4
donors; Eight days after transduction, NK cytotoxicity against cultured REH and HL60
cells (FIGs. 25A and 25B, respectively) was measured at a 1:1 E:T ratio. NK cells were
cultured in media supplemented with 40 IU of IL-2/mL prior to analysis.

[00133] FIGs. 26A-26C depict data related to the production of interferon-
gamma (IFNy), tumor necrosis factor-alpha (TNFa), and granulocyte-macrophage
colony-stimulating factor (GM-CSF) by NK cells expressing various NKG2D constructs
after overnight stimulation with REH tumor cells. Eight days after transduction with the
indicated constructs, 1 x 10° NK cells were stimulated with 1 x 10° REH cells in
individual wells of a 96-well round bottom plate; after overnight incubation, supernatants
were harvested, and cytokine levels measured against relevant standards using a Meso
Scale Discovery device. FIG. 26A depicts the accumulated levels of IFNy, FIG. 26B
depicts the levels of TNFa, and FIG. 26C depicts the levels of GM-CSF in the different
groups of NK cells following stimulation. Prior to analysis NK cells were cultured in
media supplemented with 40 IU of IL-2/mL..

[00134] FIGs. 27A-27B depict data related to the persistence of NK cells
from two donors (donors 224 and 225 in FIGs. 27A and 27B, respectively) expressing the
various NKG2D constructs 7, 14, and 21 days post-transduction. Prior to analysis NK

cells were cultured in media supplemented with 40 IU of IL-2/mL.
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[00135] FIGs. 28A-28B depict data related to the cytotoxicity of NK cells
transduced with the indicated NKG2D constructs. NK cytotoxicity was measured against
U20S cells stably transduced to express Red Fluorescent Protein; U20S cells were
cultured with NK cells at a 1:4 and 1:2 E:T ratios (FIGs. 28A and 28B, respectively).
Live U20S cells were counted every 60 minutes for 72 hours using an Incucyte S3 Live-

Cell Analysis System. Prior to analysis NK cells were cultured in media supplemented

with 40 IU of IL-2/mL.

DETAILED DESCRIPTION

General

[00136] The emergence and persistence of aberrant cells (including virally
infected and malignant cells) underlying many diseases is enabled by an insufficient
immune response to said aberrant cells. A goal of immunotherapy is to initiate or
augment the response of the patient’s immune system, for example, to boost the ability of
immune cells, such as Natural Killer (NK) cells to damage, kill, or otherwise inhibit
damaged or diseased cells. One immunotherapy approach is the recombinant expression
of chimeric receptors in immune cells for targeted recognition and destruction of the
aberrant cells. In general, chimeric receptors comprise an extracellular receptor domain
that recognizes ligands on target cells, an anchoring transmembrane domain, and an
effector domain that transduces activating signals upon ligand binding.  Some
embodiments disclosed herein utilize chimeric receptors having that general structure, or
having variations in that general structure. Additionally, in several embodiments, the
transmembrane domain and the effector domain are separate peptides fused together. In
several other embodiments, the transmembrane and the effector domain are derived from
the same peptide. In some such embodiments, the transmembrane and effector domains
comprise a single peptide (e.g., one peptide that passes through the membrane and is also
poised to initiate a signaling cascade). As discussed in more detail below, truncations,
mutations, additional linkers/spacer elements, dimers, and the like are used to generate
chimeric receptor constructs that exhibit a desired degree of expression in an immune cell
(e.g., an NK cell), induce cytotoxic activity from the NK cell, balanced with a degree of
target avidity that avoids adverse effects on non-target cells. The recombinant expression

of chimeric receptors as disclosed herein on the surface of immune cells can redirect the
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targeting of immune cells to aberrant cells of interest as well as augment the immune

activation upon engagement.

NK Cells for Immunotherapy

[00137] One immunotherapy approach involves administering to patients T
cells engineered to express chimeric receptors to elicit a positive immune response.
However, a drawback of this approach is that it necessitates the use of autologous cells to
prevent the induction of graft-versus-host-disease in the patient. As is provided in several
embodiments disclosed herein, compositions comprising engineered NK cells enjoy
several advantages. For example, either autologous or donor-derived allogeneic cells can
be employed with an NK cell approach. Additionally, according to several embodiments,
the engineered NK cells as provided for herein do not significantly increase cytotoxicity
against normal cells. Further, NK cells have a significant cytotoxic effect, once activated.
In view of this, it is unexpected that the engineered NK cells as provided for herein, are
able to further elevate that cytotoxic effect, thus providing an even more effective means
of selectively killing diseased target cells. Accordingly, in several embodiments, there is
provided a method of treating or preventing cancer or an infectious disease, comprising
administering a therapeutically effective amount of NK cells expressing the chimeric
receptors described herein. In one embodiment, the NK cells administered are autologous
cells. In a further embodiment, the NK cells administered are donor-derived (allogeneic)
cells.

[00138] In several embodiments, engagement and activation of a
recombinant NK cell (e.g., by binding to a ligand on a target cell) expressing a chimeric
receptor leads to the direct killing of the stressed and/or aberrant cell (e.g., tumor cells,
virally-infected cells, etc.) by cytolysis. Accordingly, in several embodiments, there is
provided a method of enhancing NK cell cytotoxicity, comprising administering NK cells
engineered to express the chimeric receptors described herein. In one embodiment, the
NK cells administered are autologous cells. In a further embodiment, the NK cells are
donor-derived (allogenic) cells. In several embodiments, engineered NK cells lead to
indirect destruction or inhibition of stressed and/or aberrant cell (e.g., tumor cells, virally-
infected cells, etc.).

Ligand Binding Domains
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[00139] As mentioned above, in several embodiments NK cells recognize
and destroy aberrant cells, including tumor cells and virally-infected cells. The cytotoxic
activity of these innate immune cells is regulated by the balance of signaling from
inhibitory and activating receptors, respectively, that reside on the cell surface. The
former bind self-molecules expressed on the surface of healthy cells while the latter bind
ligands expressed on aberrant cells. The increased engagement of activating receptors
relative to inhibitory receptors leads to NK cell activation and target cell lysis. Natural
killer Group 2 member D (NKG2D) is an important NK cell activating receptor that
recognizes a number of ligands expressed on stressed and aberrant cells. The surface
expression of various NKG2D ligands is generally low in healthy cells but is upregulated
upon malignant transformation or viral infection. Non-limiting examples of ligands
recognized by NKG2D include, but are not limited to, MICA, MICB, ULBP1, ULBP2,
ULBP3, ULBP4, ULBPS, and ULBP6, as well as other molecules expressed on target
cells that control the cytolytic or cytotoxic function of NK cells.

[00140] NKG2D’s ability to recognize a plurality of surface markers of cell
stress and infection make it a potentially useful component of a chimeric receptor-based
immunotherapy approach. However, complicating the use of NKG2D as a chimeric
receptor is its relationship with partner DAP10. NKG2D is a type II transmembrane
glycoprotein that forms homodimers and assembles with two homodimers of DNAX-
activating protein 10 (DAP10) to yield hexameric complexes on the membrane surface.
This NKG2D-DAPI10 association is necessary for both surface membrane expression of
endogenous NKG2D as well as for transduction of the activation signal upon ligand
binding. In several embodiments, a full length NKG2D is used. In one embodiment, full
length NKG2D has the nucleic acid sequence of SEQ ID NO. 1. According to several
embodiments disclosed herein, polynucleotides encoding chimeric receptors are provided
wherein the extracellular receptor domain is a fragment of NKG2D that lacks its native
transmembrane or intracellular domains yet advantageously retains its ability to bind
native ligands of NKG2D, as well as transduce activation signals upon ligand binding.
Thus, in several embodiments, the chimeric receptor encoded by the polypeptides
disclosed herein does not comprise DAP10. In several embodiments, the NKG2D
fragment is encoded by SEQ ID NO. 2. In several embodiments, the fragment of NKG2D
is at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95%

homologous with full-length wild-type NKG2D. In several embodiments, the fragment
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may have one or more additional mutations from SEQ ID NO. 2, but retains, or in some
embodiments, has enhanced, ligand-binding function. In several embodiments, the
NKG2D fragment is provided as a dimer, trimer, or other concatameric format, such
embodiments providing enhanced ligand-binding activity. In several embodiments, the
sequence encoding the NKG2D fragment is optionally fully or partially codon optimized.
In one embodiment, a sequence encoding a codon optimized NKG2D fragment comprises
the sequence of SEQ ID NO. 3. Additionally, in several embodiments signal peptides are
used. The species or sequence of the signal peptide can vary with the construct.
However, in several embodiments, a signal peptide derived from CDS8 is used. In one
embodiment, the signal peptide is from CD8a and has the sequence of SEQ ID NO. 4. In
one embodiment, a sequence encoding a codon optimized NKG2D fragment comprises
the sequence of SEQ ID NO. 68. In several embodiments, the fragment may have one or
more additional mutations from SEQ ID NO. 68, but retains ligand-binding function. In
several embodiments, the fragment may have one or more additional mutations from SEQ

ID NO. 68, but has improved ligand-binding function.

Transmembrane, Signaling and Combination Domains

[00141] As mentioned above, the general chimeric antigen receptor
structure comprises at least one transmembrane domain, linking the ligand binding
domain to a signaling domain(s). In several embodiments, however, a transmembrane
domain can also serve to provide signaling function.

[00142] In several embodiments, the NKG2D fragment retains at least a
portion of its normal transmembrane domain. In several embodiments, the
transmembrane domain comprises at least a portion of CDS8, which is a transmembrane
glycoprotein normally expressed on both T cells and NK cells. In several embodiments,
the transmembrane domain comprises CD8a, while in some embodiments CD8p is used.
In several embodiments, the “hinge” of CD8a has the sequence of SEQ ID NO. 5. In
several embodiments, the CD8a can be truncated or modified, such that it is at least 70%,
at least 75%, at least 80%, at least 85%, at least 90%, at least 95% homologous with the
CD8a having the sequence of SEQ ID NO. 5. In several embodiments, CD8f has the
sequence of SEQ ID NO. 6. In several embodiments, the CD8f can be truncated or
modified, such that it is at least 70%, at least 75%, at least 80%, at least 85%, at least
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90%, at least 95% homologous with the CD8[ having the sequence of SEQ ID NO. 6. In
several embodiments, dimers of CD8a and CDS8p are used.

[00143] In several embodiments, the transmembrane domain comprises
CD16, which serves as a signaling domain as well. CD16 exists in two isoforms, a and b
(also known as Fc gamma receptor Illa and IIIb, respectively). These receptors normally
bind to the Fc portion of IgG antibodies that in turn activates NK cells. Accordingly, in
several embodiments, the transmembrane domain comprises CD16a, while in some
embodiments CD16b is used. In several embodiments, CD16a has the sequence of SEQ
ID NO. 7. In several embodiments, the CD16a can be truncated or modified, such that it
is at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95%
homologous with the CD16a having the sequence of SEQ ID NO. 7. In several
embodiments, CD16b has the sequence of SEQ ID NO. 8. In several embodiments, the
CD16b can be truncated or modified, such that it is at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% homologous with the CD16b having the
sequence of SEQ ID NO. 8. In several embodiments, dimers of CD16a and CD16b are
used. In several embodiments the modifications to the CD16 transmembrane domain
comprise additional nucleic acid residues to increase the length of the domain.
Alternatively, CD16 may be shortened. The modifications to the length of CDI16
advantageously can facilitate enhanced ligand-receptor interactions.

[00144] In several embodiments, the chimeric receptor comprises the
Natural Killer Receptor 2B4 domain (referred to herein as “2B4”, and also known as
CD244), which serves as a signaling domain as well. 2B4 is expressed on NK cells and
regulates non-major histocompatibility complex (MHC) restricted killing through
interactions between this receptor and its ligands on target cells. In several embodiments,
the transmembrane domain comprises 2B4, while in several embodiments the 2B4
domain is an intracellular signaling domain. In several embodiments, 2B4 has the
sequence of SEQ ID NO. 9. In several embodiments, the 2B4 can be truncated or
modified, such that it is at least 70%, at least 75%, at least 80%, at least 85%, at least
90%, at least 95% homologous with the 2B4 having the sequence of SEQ ID NO. 9. In
several embodiments, 2B4 is used as the sole transmembrane/signaling domain in the
construct, however, in several embodiments, 2B4 can be used with one or more other
domains. For example, combinations of CD16, 4-1BB, and/or 2B4 are used in some

embodiments.
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[00145] In some embodiments, signaling is achieved through DAP10, as
mentioned above. In several embodiments, the fragment of NKG2D associates with
DAPI10 to provide pro-cytotoxic signals to the NK cell. In several embodiments, dimers
of DAP10 are used. In several embodiments, the transmembrane domain comprises
DAP10. In several embodiments, DAP10 has the sequence of SEQ ID NO. 10. In
several embodiments, DAP10 can be truncated or modified, such that it is at least 70%, at
least 75%, at least 80%, at least 85%, at least 90%, at least 95% homologous with the
DAPI10 having the sequence of SEQ ID NO. 10. Similarly, in some embodiments,
DAPI12 can be used, as it can also transduce such signals. In several embodiments,
DAPI12 has the sequence of SEQ ID NO. 11. In several embodiments, DAP12 can be
truncated or modified, such that it is at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95% homologous with the DAP12 having the sequence of SEQ ID
NO. 11. In several embodiments, heterodimers of DAP10 and DAP12 are used.

[00146] In several embodiments, signaling is provided through 4-1BB (also
known as CD137 and tumor necrosis factor receptor superfamily member 9 (TNFRSF
9)). 4-1BB is a co-stimulatory immune checkpoint molecule, typically functioning as a
stimulatory molecule for activated T cells (e.g., crosslinking of 4-1BB enhances T cell
proliferation and cytolytic activity). However, in several embodiments, the function of 4-
1BB is advantageously used in conjunction with NK cells. In several embodiments, 4-
IBB has the sequence of SEQ ID NO. 12. In several embodiments, 4-1BB can be
truncated or modified, such that it is at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95% homologous with the 4-1BB having the sequence of SEQ ID
NO. 12. In several embodiments, 4-1BB is the sole signaling domain, but as discussed
above, in several embodiments, 4-1BB functions unexpectedly well in combination with
one or more of the other transmembrane/signaling domains disclosed herein. For
example, in several embodiments, CD16 in conjunction with 4-1BB provides synergistic
stimulation effects, resulting in particularly effective (e.g., cytotoxic) NK cells. In several
embodiments, DAP10 in conjunction with 4-1BB provides synergistic stimulation effects,
resulting in particularly effective (e.g., cytotoxic) NK cells. In several embodiments,
DAPI10 in conjunction with 4-1BB and/or 2B4 provides synergistic stimulation effects,
resulting in particularly effective (e.g., cytotoxic) NK cells.  Other improved
characteristics result, in several embodiments, such as improved expression, improved

persistence, and the like.
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[00147] In several embodiments, the signaling domain comprises at least a
portion of the CD3 T cell receptor complex. The T cell receptor complex comprises
multiple subunits, including the zeta, alpha, beta, gamma, delta, and epsilon subunits. In
several embodiments, the NK cells engineered according to several embodiments
disclosed herein comprise at least one of these subunits (or a fragment thereof). In
several embodiments, the signaling domain comprises the CD3 zeta subunit. In several
embodiments, CD3 zeta has the sequence of SEQ ID NO. 13. In several embodiments,
CD3 zeta can be truncated or modified, such that it is at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% homologous with the CD3 zeta having the
sequence of SEQ ID NO. 13. In several embodiments, the CD3 zeta is mutated (e.g.,
amino acid mutations, insertions, or deletions) such that the domain no longer is
consistent with the canonical immunoreceptor tyrosine-based activation motif or ITAM
motif. Thus, in several embodiments, the NK cells comprise an engineered receptor that
does not contain an ITAM motif. In some embodiments, the resultant engineered NK
cells exhibit particularly enhanced cytotoxicity against target cells, with limited or
reduced adverse side effects. This, in several embodiments, results from the synergistic
interactions of the various portions of the chimeric receptor that are used in that given
embodiment. In several embodiments, CD3zeta in conjunction with 4-1BB provides
synergistic stimulation effects, resulting in particularly effective (e.g., cytotoxic) NK
cells. In several embodiments, CD3zeta in conjunction with 2B4 provides synergistic
stimulation effects, resulting in particularly effective (e.g., cytotoxic) NK cells. In
several embodiments, CD3zeta in combination with 2B4 and 4-1BB provides synergistic
stimulation effects, resulting in particularly effective (e.g., cytotoxic) NK cells. In
several embodiments, the chimeric receptors leverage the dimerization of CD3zeta via its
transmembrane domain. Thus, in several embodiments, the transmembrane domain
comprises the CD3zeta transmembrane domain (or a fragment thereof). In some
embodiments, 1, 2, 3, 4, 5, 6 or more extracellular CD3zeta residues (the “juxta-
membrane portion”) are directly adjacent to the CD3zeta transmembrane domain. In some
embodiments, CD3zeta transmembrane domain has the sequence of SEQ ID NO. 69. In
several embodiments, the CD3zeta transmembrane domain can be truncated or modified,
such that it is at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95% homologous with the CD3zeta transmembrane domain having the sequence of SEQ

ID NO. 69. In several embodiments the modifications to the CD3zeta transmembrane

-37-



WO 2018/183385 PCT/US2018/024650

domain comprise additional nucleic acid residues to increase the length of the domain. In
several embodiments, the CD3zeta transmembrane domain and CD3zeta juxta-membrane
portion recruits full-length CD3zeta molecule to the synapse. In several embodiments, the
recruitment of native CD3zeta to the engineered receptor (as compared to a receptor
without a CD3zeta transmembrane domain) is increased by about 20%, by about 30%, by
about 40% by about 50%, or more, depending on the embodiment. In several
embodiments, the CD3zeta transmembrane domain is coupled to an effector domain
comprising one or more of CD16, NCR1, NCR2, NCR3, 4-1BB, NKp80, FcRy, CD3zeta
and 2B4.

[00148] In several embodiments, the chimeric receptor comprises a CD28
domain. In several embodiments, the transmembrane domain comprises CD28, while in
several embodiments the CD28 domain is an intracellular signaling domain, while in
several embodiments the CD28 domain is a transmembrane/intracellular signaling
domain. In several embodiments, the CD28 transmembrane domain has the sequence of
SEQ ID NO. 105. In several embodiments, the CD28 transmembrane domain can be
truncated or modified, such that it is at least 70%, at least 75%, at least 80%, at least 85%,
at least 90%, at least 95% homologous with the CD28 having the sequence of SEQ ID
NO. 105. In several embodiments, the CD28 intracellular signaling domain has the
sequence of SEQ ID NO. 106. In several embodiments, the CD28 intracellular signaling
domain can be truncated or modified, such that it is at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, at least 95% homologous with the CD28 having the
sequence of SEQ ID NO. 106. In several embodiments, CD28 is used as the sole
transmembrane/signaling domain in the construct, however, in several embodiments,
CD28 can be used with one or more other domains. For example, combinations of CD28,
0X40, 4-1BB, and/or CD3zeta are used in some embodiments.

[00149] In several embodiments, the chimeric receptor comprises an OX40
domain. In several embodiments the OX40 domain is an intracellular signaling domain.
In several embodiments, the OX40 intracellular signaling domain has the sequence of
SEQ ID NO. 107. In several embodiments, the OX40 intracellular signaling domain can
be truncated or modified, such that it is at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95% homologous with the OX40 having the sequence of SEQ
ID NO. 107. In several embodiments, OX40 is used as the sole transmembrane/signaling

domain in the construct, however, in several embodiments, OX40 can be used with one or
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more other domains. For example, combinations of CD28, OX40, 4-1BB, and/or
CD3zeta are used in some embodiments.

[00150] In still further embodiments, the signaling portion of the chimeric
receptor comprises a portion of an ITAM, for example a hemi-tam. In several
embodiments, these portions do not make up the canonical ITAM sequence, but rather
comprise a portion that still can convey the signal required for NK cell cytotoxicity. In
several embodiments, the hemi-tam has the sequence of SEQ ID NO. 14 (wherein X can
be any residue). In several embodiments, the hemi-tam can be truncated or modified,
such that it is at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95% homologous with the hemi-tam having the sequence of SEQ ID NO. 14. In several
embodiments, the chimeric receptor construct comprises the hemi-tam of SEQ ID NO.
14. In several embodiments, multiple hemi-tams can be used, for example in a head to
tail, tail to head, head to head, or tail to tail configuration. In several embodiments, the
presence of at least on hemi-tam confers enhanced signaling and cytotoxicity to the NK
cells comprising a chimeric receptor employing the at least one hemi-tam. As discussed
in more detail below, in several chimeric receptor comprises NKp80, which is one non-
limiting example of a hemi-tam.

[00151] In several embodiments, additional signaling regions are used,
including, for example, signaling regions derived from receptors of the signaling
lymphocytic activation molecule (SLAM) family. These receptors include, but are not
limited to 2B4 (discussed above). Receptors of the SLAM family share a consensus
motif that is tyrosine-based, in their cytoplasmic tails. That motif is S/TxYxxL/I, which
are referred to as immunoreceptor tyrosine-based switch motifs (ITSM) (SEQ ID NO.
15). These receptors transmit activation signals through the SLAM-associated protein
(SAP, encoded by the gene SH2D1A), which recruits the tyrosine kinase Fyn. Thus,
according to several embodiments, the signaling region comprise a polypeptide sequence
(or the nucleic acid encoding the same) comprising an ITSM motif. In several
embodiments, the ITSM motif need not be fully encoded, but the signaling region is able
to transmit an activation signal through SAP (or another similar pathway). In several
embodiments, the ITSM motif has the sequence of SEQ ID NO. 15 (wherein X can be
any amino acid residue). In several embodiments, the ITSM motif can be truncated or

modified, such that it is at least 70%, at least 75%, at least 80%, at least 85%, at least
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90%, at least 95% homologous with the ITSM motif having the sequence of SEQ ID NO.
15. In several embodiments, the ITSM motif comprises the sequence of SEQ ID NO. 15.
[00152] In addition to these variations in the NKG2D receptor, the
transmembrane  domain and  signaling domain (and the combination
transmembrane/signaling domains), additional co-activating molecules can be provided,
in several embodiments. For example, in several embodiments, the NK cells are
engineered to express membrane-bound interleukin 15 (mbIL15). In such embodiments,
the presence of the mbIL15 on the NK cell function to further enhance the cytotoxic
effects of the NK cell by synergistically enhancing the proliferation and longevity of the
NK cells. In several embodiments, mbIL15 has the nucleic acid sequence of SEQ ID NO.
16. In several embodiments, mbIL15 can be truncated or modified, such that it is at least
70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% homologous with
the sequence of SEQ ID NO. 16. In several embodiments, the mbIL 15 has the amino acid
sequence of SEQ ID NO. 17. In conjunction with the chimeric receptors disclosed herein,
such embodiments provide particularly effective NK cell compositions for targeting and

destroying particular target cells.

Chimeric Receptor Constructs

[00153] In view of the disclosure provided herein, there are a variety of
chimeric receptors that can be generated and expressed in NK cells in order to target and
destroy particular target cells, such as diseased or cancerous cells. Non-limiting
examples of such chimeric receptors are discussed in more detail below.

[00154] As discussed above, portions of the T cell receptor complex, in
particular CD3zeta, serve as potent activators of immune signaling cascades. Likewise,
the receptor 4-1BB, a tumor necrosis factor superfamily member, activates NK cells upon
ligand binding. In several embodiments, these two signaling components act in a
synergistic manner to activate NK cells upon binding of a ligand to the chimeric receptor.
Thus, in several embodiments, there are provided polynucleotides encoding a
NKG2D/CD8a/4-1BB/CD3zeta chimeric receptor, which comprises an NKG2D fragment
extracellular receptor domain that binds native ligands of NKG2D, a CD8 transmembrane
region, and an effector domain comprising the signaling domains of 4-1BB and CD3zeta.
In one embodiment, this chimeric receptor is encoded by the nucleic acid sequence of

SEQ ID NO: 18. In one embodiment, this chimeric receptor is encoded by the nucleic

-40-



WO 2018/183385 PCT/US2018/024650

acid sequence of SEQ ID NO: 108. In yet another embodiment, the NKG2D-CD8a-4-
1BB-CD3zeta chimeric receptor comprises the amino acid sequence of SEQ ID NO: 19.
In several embodiments, this construct is particularly efficacious when the NK cells
concurrently express mbIL15, the mbIL15 provides a further synergistic effect with
respect to the activation and cytotoxic nature of the NK cells. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 18 (such as, for example,
SEQ ID NO: 108), but remains, depending on the embodiment, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID
NO. 18. In several embodiments, while the chimeric receptor may vary from SEQ ID
NO. 18 (such as, for example, SEQ ID NO: 108), the chimeric receptor retains, or in
some embodiments, has enhanced, NK cell activating and/or cytotoxic function.

[00155] The receptor 2B4 possesses several immunoreceptor tyrosine-
based switch motifs (ITSMs) and has the potential to transduce activating signals.
Likewise, signaling through the receptor 4-1BB, a tumor necrosis factor superfamily
member, also activates NK cells upon ligand binding. Thus, capitalizing on the ability of
these signaling molecules to cooperate to generate unexpectedly effectively cytotoxic NK
cells, in several embodiments, there are provided polynucleotides encoding a
NKG2D/CD8a/2B4/4-1BB chimeric receptor, which comprises an NKG2D fragment
extracellular receptor domain that binds native ligands of NKG2D, a CD8a
transmembrane region, and an effector domain comprising the signaling domains of 4-
1BB and 2B4. Additionally, in several embodiments, this construct can optionally be co-
expressed with mbIL15.

[00156] In several embodiments, combinations of 2B4 with CD3zeta are
used with NK cells to generate enhanced cytotoxicity against target cells. Thus, in
several embodiments, there are provided polynucleotides encoding a
NKG2D/CD8a/2B4/CD3zeta chimeric receptor, which comprises an NKG2D fragment
extracellular receptor domain that binds native ligands of NKG2D, a CD8a
transmembrane region, and an effector domain comprising the signaling domains of
CD3zeta and 2B4. Additionally, in several embodiments, this construct can optionally be
co-expressed with mbIL15. As discussed above, 4-1BB, like CD3zeta and 2B4, can
function as a potent activator of immune signaling cascades. In several embodiments,
these three signaling components act in a synergistic manner to activate NK cells upon

binding of a ligand to the chimeric receptor. Thus, in several embodiments, there are
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provided polynucleotides encoding a NKG2D/CD8a/4-1BB/2B4/CD3zeta chimeric
receptor, which comprises an NKG2D fragment extracellular receptor domain that binds
native ligands of NKG2D, a CD8 transmembrane region, and an effector domain
comprising the signaling domains of 4-1BB, 2B4 and CD3zeta. In one embodiment, this
chimeric receptor is encoded by the nucleic acid sequence of SEQ ID NO: 58. In yet
another embodiment, the NKG2D-CD8a-4-1BB-CD3zeta chimeric receptor comprises
the amino acid sequence of SEQ ID NO: 59. In several embodiments, this construct is
particularly efficacious when the NK cells concurrently express mbIL15, the mbIL15
provides a further synergistic effect with respect to the activation and/or cytotoxic nature
of the NK cells. In some embodiments, the sequence of the chimeric receptor may vary
from SEQ ID NO. 58, but remains, depending on the embodiment, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID
NO. 58. In several embodiments, while the chimeric receptor may vary from SEQ ID
NO. 58, the chimeric receptor retains, or in some embodiments, has enhanced, NK cell
activating and/or cytotoxic function.

[00157] In several alternative embodiments, there are provided
polynucleotides encoding a NKG2D/CD8a/DAP10/4-1BB chimeric receptor, which
comprises an NKG2D fragment extracellular receptor domain that binds native ligands of
NKG2D, a CD8a transmembrane region, and an effector domain comprising the signaling
domains of 4-1BB and DAP10. In one embodiment, this chimeric receptor is encoded by
the nucleic acid sequence of SEQ ID NO: 60. In yet another embodiment, the NKG2D-
CD8a-4-1BB-DAP10 chimeric receptor comprises the amino acid sequence of SEQ ID
NO: 61. Additionally, in several embodiments, this construct can optionally be co-
expressed with mbIL15. In several embodiments, this construct is particularly efficacious
when the NK cells concurrently express mbIL15, the mbIL15 provides a further
synergistic effect with respect to the activation and cytotoxic nature of the NK cells. In
some embodiments, the sequence of the chimeric receptor may vary from SEQ ID NO.
60, but remains, depending on the embodiment, at least 70%, at least 75%, at least 80%,
at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO. 60. In several
embodiments, while the chimeric receptor may vary from SEQ ID NO. 60, the chimeric
receptor retains, or in some embodiments, has enhanced, NK cell activating and/or
cytotoxic function. Further, as discussed above, 2B4, like DAP10 and 4-1BB, is a potent

activator of immune signaling cascades. In several embodiments, these three signaling
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components act in a synergistic manner to activate NK cells upon binding of a ligand to
the chimeric receptor. Thus, in several embodiments, there are provided polynucleotides
encoding a NKG2D/CD8a/4-1BB/DAP10/2B4 chimeric receptor, which comprises an
NKG2D fragment extracellular receptor domain that binds native ligands of NKG2D, a
CD8 transmembrane region, and an effector domain comprising the signaling domains of
4-1BB, 2B4 and DAP10, wherein 4-1BB is followed by DAP10, and DAP10 is followed
by 2B4. In one embodiment, this chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 62. In yet another embodiment, the NKG2D-CD8a-4-1BB-
CD3zeta chimeric receptor comprises the amino acid sequence of SEQ ID NO: 63. In
several embodiments, this construct is particularly efficacious when the NK cells
concurrently express mbIL15, the mbIL15 provides a further synergistic effect with
respect to the activation and cytotoxic nature of the NK cells. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 62, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 62. In several embodiments,
while the chimeric receptor may vary from SEQ ID NO. 62, the chimeric receptor retains,
or in some embodiments, has enhanced, NK cell activating and/or cytotoxic function. In
several other embodiments, there are provided polynucleotides encoding a
NKG2D/CD8a/4-1BB/2B4/DAP10 chimeric receptor, which comprises an NKG2D
fragment extracellular receptor domain that binds native ligands of NKG2D, a CDS8
transmembrane region, and an effector domain comprising the signaling domains of 4-
1BB, 2B4 and DAPI10, wherein 4-1BB is followed by 2B4, and 2B4 is followed by
DAP10. In one embodiment, this chimeric receptor is encoded by the nucleic acid
sequence of SEQ ID NO: 64. In yet another embodiment, the NKG2D-CD8a-4-1BB-
CD3zeta chimeric receptor comprises the amino acid sequence of SEQ ID NO: 65. In
several embodiments, this construct is particularly efficacious when the NK cells
concurrently express mbIL15, the mbIL15 provides a further synergistic effect with
respect to the activation and cytotoxic nature of the NK cells. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 64, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 64. In several embodiments,
while the chimeric receptor may vary from SEQ ID NO. 64, the chimeric receptor retains,

or in some embodiments, has enhanced, NK cell activating and/or cytotoxic function.
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[00158] In several additional embodiments, transmembrane and effector
domains (and associated function) of the chimeric receptor are derived from the same
peptide. CD16 is a potent activating receptor expressed on the surface of NK cells. Thus,
in several embodiments, polynucleotides are provided encoding a NKG2D/CDI16
chimeric receptor, which comprises an NKG2D fragment extracellular receptor domain
that binds native ligands of NKG2D and a CD16 peptide comprising both the
transmembrane region and intracellular effector domain. In one embodiment, this
chimeric receptor comprises the nucleic acid sequence of SEQ ID NO: 23. In yet another
embodiment, this chimeric receptor is encoded by the amino acid sequence of SEQ ID
NO: 24. In some embodiments, the sequence of the chimeric receptor may vary from
SEQ ID NO. 23, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
23. In several embodiments, while the chimeric receptor may vary from SEQ ID NO. 23,
the chimeric receptor retains, or in some embodiments, has enhanced, NK cell activating
and/or cytotoxic function. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15.

[00159] In several additional embodiments, polynucleotides are provided
encoding a NKG2D/CD16/4-1BB chimeric receptor, wherein the signaling domain of 4-
IBB acts as a second transducer of activating signals in the effector domain.
Additionally, in several embodiments, this construct can optionally be co-expressed with
mblIL15.

[00160] CD3zeta dimerizes via its transmembrane domain. Thus, in several
embodiments, chimeric receptors are provided wherein a CD3zeta transmembrane
domain recruits full-length CD3zeta molecule to the synapse. In several embodiments,
there are provided polynucleotides encoding a chimeric receptor which comprises a
NKG2D fragment that binds native ligands of NKG2D, a CD8a hinge, 0, 1,2, 3,4, 5, 6 or
more extracellular CD3zeta residues (the “juxta-membrane portion”) directly adjacent to
a CD3zeta transmembrane domain, and an effector domain comprising one or more of
CD16, NCR1, NCR2, NCR3, 4-1BB, NKp80, FcRy, CD3zeta and 2B4.

[00161] In several embodiments, chimeric receptors are provided wherein a
CD3zeta transmembrane domain is coupled to an effector domain comprising one or both
of 4-1BB and CDI16. Thus, in several embodiments, polynucleotides are provided

encoding a NKG2D/CD3zetaTM/4-1BB chimeric receptor, which comprises a fragment
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of NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising 4-1BB. In one embodiment, this chimeric
receptor comprises the nucleic acid sequence of SEQ ID NO: 78. In yet another
embodiment, this chimeric receptor is encoded by the amino acid sequence of SEQ ID
NO: 79. In some embodiments, the sequence of the chimeric receptor may vary from
SEQ ID NO. 78, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
78. In several embodiments, while the chimeric receptor may vary from SEQ ID NO. 78,
the chimeric receptor retains, or in some embodiments, has enhanced, NK cell activating
and/or cytotoxic function. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15.

[00162] In several embodiments, polynucleotides are provided encoding a
NKG2D/CD3zetaTM/CD16/4-1BB chimeric receptor, which comprises a fragment of
NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising CD16 followed by 4-1BB. In one
embodiment, this chimeric receptor comprises the nucleic acid sequence of SEQ ID NO:
70. In yet another embodiment, this chimeric receptor is encoded by the amino acid
sequence of SEQ ID NO: 71. In some embodiments, the sequence of the chimeric
receptor may vary from SEQ ID NO. 70, but remains, depending on the embodiment, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95%
homologous with SEQ ID NO. 70. In several embodiments, while the chimeric receptor
may vary from SEQ ID NO. 70, the chimeric receptor retains, or in some embodiments,
has enhanced, NK cell activating and/or cytotoxic function. Additionally, in several
embodiments, this construct can optionally be co-expressed with mbIL15.  Further, in
several embodiments, polynucleotides are provided encoding a NKG2D/CD3zetaTM/4-
IBB/CD16 chimeric receptor, which comprises a fragment of NKG2D that is codon
optimized coupled to a CD8a hinge, a CD3zeta transmembrane region, and an effector
domain comprising 4-1BB followed by CD16. In some embodiments, the effector
domain further comprises a GS3 linker. In some embodiments, the GS3 linker is
positioned between 4-1BB and CD16. In one embodiment, this chimeric receptor
comprises the nucleic acid sequence of SEQ ID NO: 84. In yet another embodiment, this
chimeric receptor is encoded by the amino acid sequence of SEQ ID NO: 85. In some

embodiments, the sequence of the chimeric receptor may vary from SEQ ID NO. 84, but
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remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 84. In several
embodiments, while the chimeric receptor may vary from SEQ ID NO. 84, the chimeric
receptor retains, or in some embodiments, has enhanced, NK cell activating and/or
cytotoxic function. Additionally, in several embodiments, this construct can optionally
be co-expressed with mbIL15. Further, in several embodiments, polynucleotides are
provided encoding a NKG2Dx2/CD3zetaTM/CD16/4-1BB chimeric receptor, which
comprises the fragment of NKG2D that is codon optimized coupled to a GS3 linker, an
additional NKG2D fragment, a CD8a hinge, a CD3zeta transmembrane region, and an
effector domain comprising a CD16 and 4-1BB. In one embodiment, this chimeric
receptor comprises the nucleic acid sequence of SEQ ID NO: 72. In yet another
embodiment, this chimeric receptor is encoded by the amino acid sequence of SEQ ID
NO: 73. In some embodiments, the sequence of the chimeric receptor may vary from
SEQ ID NO. 72, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
72. In several embodiments, while the chimeric receptor may vary from SEQ ID NO. 72,
the chimeric receptor retains, or in some embodiments, has enhanced, NK cell activating
and/or cytotoxic function. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15.

[00163] In several embodiments, chimeric receptors are provided wherein a
CD3zeta transmembrane domain is coupled to an effector domain comprising NKp80.
Thus, in several embodiments, polynucleotides are provided encoding a
NKG2D/CD3zetaTM/CD16/4-1BB/NKp80 chimeric receptor, which chimeric receptor
comprises a fragment of NKG2D coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising a CD16, 4-1BB, and NKp80. In some
embodiments, the effector domain further comprises a GS3 linker. In some embodiments,
the GS3 linker is positioned between 4-1BB and NKp80. In one embodiment, this
chimeric receptor comprises the nucleic acid sequence of SEQ ID NO: 74. In yet another
embodiment, this chimeric receptor is encoded by the amino acid sequence of SEQ ID
NO: 75. In some embodiments, the sequence of the chimeric receptor may vary from
SEQ ID NO. 74, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
74. In several embodiments, while the chimeric receptor may vary from SEQ ID NO. 74,

-46-



WO 2018/183385 PCT/US2018/024650

the chimeric receptor retains, or in some embodiments, has enhanced, NK cell activating
and/or cytotoxic function. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15. Further, in several embodiments,
polynucleotides are provided encoding a 2xNKG2D/CD3zetaTM/ CD16/4-1BB/NKp80
chimeric receptor, which comprises the fragment of NKG2D that is codon optimized
coupled to a GS3 linker, an additional NKG2D fragment, a CD8a hinge, a CD3zeta
transmembrane region, and an effector domain comprising a CD16, 4-1BB, and NKp80.
In some embodiments, the effector domain further comprises a GS3 linker. In some
embodiments, the GS3 linker is positioned between 4-1BB and NKp80. In one
embodiment, this chimeric receptor comprises the nucleic acid sequence of SEQ ID NO:
76. In yet another embodiment, this chimeric receptor is encoded by the amino acid
sequence of SEQ ID NO: 77. In some embodiments, the sequence of the chimeric
receptor may vary from SEQ ID NO. 76, but remains, depending on the embodiment, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95%
homologous with SEQ ID NO. 76. In several embodiments, while the chimeric receptor
may vary from SEQ ID NO. 76, the chimeric receptor retains, or in some embodiments,
has enhanced, NK cell activating and/or cytotoxic function. Additionally, in several
embodiments, this construct can optionally be co-expressed with mbIL15. Further, in
several embodiments, polynucleotides are provided encoding a NKG2D/CD3zetaTM/4-
IBB/NKp80 chimeric receptor, which comprises a fragment of NKG2D that is codon
optimized coupled to a CD8a hinge, a CD3zeta transmembrane region, and an effector
domain comprising 4-1BB and NKp80. In some embodiments, the effector domain
further comprises a GS3 linker. In some embodiments, the GS3 linker is positioned
between 4-1BB and NKp80. In one embodiment, this chimeric receptor comprises the
nucleic acid sequence of SEQ ID NO: 82. In yet another embodiment, this chimeric
receptor is encoded by the amino acid sequence of SEQ ID NO: 83. In some
embodiments, the sequence of the chimeric receptor may vary from SEQ ID NO. 82, but
remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 82. In several
embodiments, while the chimeric receptor may vary from SEQ ID NO. 82, the chimeric
receptor retains, or in some embodiments, has enhanced, NK cell activating and/or
cytotoxic function. Additionally, in several embodiments, this construct can optionally

be co-expressed with mbIL15.
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[00164] In several embodiments, chimeric receptors are provided wherein a
CD3zeta transmembrane domain is coupled to an effector domain comprising CD3zeta.
Thus, in several embodiments, polynucleotides are provided encoding a
NKG2D/CD3zetaTM/4-1BB/CD3zeta chimeric receptor, which comprises a fragment of
NKG2D that is codon optimized coupled to a CD8a hinge, a CD3zeta transmembrane
region, and an effector domain comprising 4-1BB and CD3zeta. In one embodiment, this
chimeric receptor comprises the nucleic acid sequence of SEQ ID NO: 80. In yet another
embodiment, this chimeric receptor is encoded by the amino acid sequence of SEQ ID
NO: 81. In some embodiments, the sequence of the chimeric receptor may vary from
SEQ ID NO. 80, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
80. In several embodiments, while the chimeric receptor may vary from SEQ ID NO. 80,
the chimeric receptor retains, or in some embodiments, has enhanced, NK cell activating
and/or cytotoxic function. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15.

[00165] In several embodiments, chimeric receptors are provided wherein a
CD3zeta transmembrane domain is coupled to an effector domain comprising FcRy.
Thus, in several embodiments, polynucleotides are provided encoding a
NKG2D/CD3zetaTM/4-1BB/FcRy chimeric receptor, which comprises a fragment of
NKG2D coupled to a CD8a hinge, a CD3zeta transmembrane region, and an effector
domain comprising 4-1BB and FcRy. In one embodiment, this chimeric receptor
comprises the nucleic acid sequence of SEQ ID NO: 86. In yet another embodiment, this
chimeric receptor is encoded by the amino acid sequence of SEQ ID NO: 87. In some
embodiments, the sequence of the chimeric receptor may vary from SEQ ID NO. 86, but
remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 86. In several
embodiments, while the chimeric receptor may vary from SEQ ID NO. 86, the chimeric
receptor retains, or in some embodiments, has enhanced, NK cell activating and/or
cytotoxic function. Additionally, in several embodiments, this construct can optionally
be co-expressed with mbIL15.

[00166] In several embodiments, chimeric receptors are provided wherein a
CD3zeta transmembrane domain is coupled to an effector domain comprising CD28.

Thus, in several embodiments, polynucleotides are provided encoding a
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NKG2D/CD3zetaTM/CD28/CD3zeta chimeric receptor, which comprises an NKG2D
fragment extracellular receptor domain that binds native ligands of NKG2D, a CD8a
hinge, a CD3zeta transmembrane region, and intracellular effector domain comprising
CD28 and CD3zeta. In one embodiment, this chimeric receptor comprises the nucleic
acid sequence of SEQ ID NO: 102. In yet another embodiment, this chimeric receptor is
encoded by the amino acid sequence of SEQ ID NO: 103. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 102, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 102. In several embodiments,
while the chimeric receptor may vary from SEQ ID NO. 102, the chimeric receptor
retains, or in some embodiments, has enhanced, NK cell activating and/or cytotoxic
function. Additionally, in several embodiments, this construct can optionally be co-
expressed with mbIL15.

[00167] In several embodiments, chimeric receptors are provided wherein
the extracellular domain comprises a fragment of NKG2D coupled IL15. Thus, in several
embodiments, polynucleotides are provided encoding an IL15/NKG2D/CD8a/4-
1BB/CD3zeta chimeric receptor, which comprises an NKG2D fragment extracellular
receptor domain that binds native ligands of NKG2D linked to IL-15, a CD8a hinge, a
CD8a transmembrane domain, and intracellular effector domain comprising 4-1BB and
CD3z. In some embodiments, the extracellular domain further comprises a GS3 linker. In
some embodiments, the GS3 linker is positioned between IL15 and the NKG2D fragment
extracellular receptor domain. In one embodiment, this chimeric receptor comprises the
nucleic acid sequence of SEQ ID NO: 88. In yet another embodiment, this chimeric
receptor is encoded by the amino acid sequence of SEQ ID NO: 89. In some
embodiments, the sequence of the chimeric receptor may vary from SEQ ID NO. 88, but
remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 88. In several
embodiments, while the chimeric receptor may vary from SEQ ID NO. 88, the chimeric
receptor retains, or in some embodiments, has enhanced, NK cell activating and/or
cytotoxic function.

[00168] In several embodiments, chimeric receptors are provided wherein
the extracellular domain comprises a fragment of NKG2D coupled to a IgG4 short hinge.

Thus, in several embodiments, polynucleotides are provided encoding a
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NKG2D/IgG4/CD8a/4-1BB/CD3zeta chimeric receptor, which comprises an NKG2D
fragment extracellular receptor domain that binds native ligands of NKG2D, an IgG4
short hinge, a CD8a transmembrane domain, and intracellular effector domain comprising
4-1BB, and CD3zeta. In one embodiment, this chimeric receptor comprises the nucleic
acid sequence of SEQ ID NO: 96. In yet another embodiment, this chimeric receptor is
encoded by the amino acid sequence of SEQ ID NO: 97. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 96, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 96. In several embodiments,
while the chimeric receptor may vary from SEQ ID NO. 96, the chimeric receptor retains,
or in some embodiments, has enhanced, NK cell activating and/or cytotoxic function.
Additionally, in several embodiments, this construct can optionally be co-expressed with
mblIL15.

[00169] In several embodiments, chimeric receptors are provided wherein
the effector domain comprises OX40. Thus, in several embodiments, polynucleotides are
provided encoding a NKG2D/CD8a/OX40/CD3z chimeric receptor, which comprises an
NKG2D fragment extracellular receptor domain that binds native ligands of NKG2D, a
CD8a hinge, a CD8a transmembrane domain, and an intracellular effector domain
comprising OX40, and CD3z. In one embodiment, this chimeric receptor comprises the
nucleic acid sequence of SEQ ID NO: 90. In yet another embodiment, this chimeric
receptor is encoded by the amino acid sequence of SEQ ID NO: 91. In some
embodiments, the sequence of the chimeric receptor may vary from SEQ ID NO. 90, but
remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 90. In several
embodiments, while the chimeric receptor may vary from SEQ ID NO. 90, the chimeric
receptor retains, or in some embodiments, has enhanced, NK cell activating and/or
cytotoxic function. Additionally, in several embodiments, this construct can optionally
be co-expressed with mbIL15. In several embodiments, polynucleotides are provided
encoding a NKG2D/IgG4/CD8a/OX40/CD3zeta chimeric receptor, which comprises an
NKG2D fragment extracellular receptor domain that binds native ligands of NKG2D, an
IgG4 hinge, a CD8a transmembrane domain, and intracellular effector domain comprising
0X40 and CD3zeta. In one embodiment, this chimeric receptor comprises the nucleic

acid sequence of SEQ ID NO: 100. In yet another embodiment, this chimeric receptor is
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encoded by the amino acid sequence of SEQ ID NO: 101. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 100, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 100. In several embodiments,
while the chimeric receptor may vary from SEQ ID NO. 100, the chimeric receptor
retains, or in some embodiments, has enhanced, NK cell activating and/or cytotoxic
function. Additionally, in several embodiments, this construct can optionally be co-
expressed with mbIL15.

[00170] In several embodiments, chimeric receptors are provided
comprising a CD28 peptide comprising both the transmembrane region and intracellular
effector domain. Thus, in several embodiments, polynucleotides are provided encoding a
NKG2D/CD28/CD3zeta chimeric receptor, which comprises an NKG2D fragment
extracellular receptor domain that binds native ligands of NKG2D, a CD8a hinge, a CD28
transmembrane/intracellular domain, and CD3zeta. In one embodiment, this chimeric
receptor comprises the nucleic acid sequence of SEQ ID NO: 92. In yet another
embodiment, this chimeric receptor is encoded by the amino acid sequence of SEQ ID
NO: 93. In some embodiments, the sequence of the chimeric receptor may vary from
SEQ ID NO. 92, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
92. In several embodiments, while the chimeric receptor may vary from SEQ ID NO. 92,
the chimeric receptor retains, or in some embodiments, has enhanced, NK cell activating
and/or cytotoxic function. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15. In further embodiments, polynucleotides are
provided encoding a NKG2D/CD28/CD3zeta/4-1BB chimeric receptor, which comprises
an NKG2D fragment extracellular receptor domain that binds native ligands of NKG2D,
a CD8a hinge, a CD28 transmembrane/intracellular domain, and 4-1BB and CD3zeta. In
one embodiment, this chimeric receptor comprises the nucleic acid sequence of SEQ ID
NO: 94. In yet another embodiment, this chimeric receptor is encoded by the amino acid
sequence of SEQ ID NO: 95. In some embodiments, the sequence of the chimeric
receptor may vary from SEQ ID NO. 94, but remains, depending on the embodiment, at
least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at least 95%
homologous with SEQ ID NO. 94. In several embodiments, while the chimeric receptor

may vary from SEQ ID NO. 94, the chimeric receptor retains, or in some embodiments,
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has enhanced, NK cell activating and/or cytotoxic function. Additionally, in several
embodiments, this construct can optionally be co-expressed with mbIL15. In further
embodiments, polynucleotides are provided encoding a NKG2D/IgG4/CD28/CD3zeta
chimeric receptor, which comprises an NKG2D fragment extracellular receptor domain
that binds native ligands of NKG2D, an IgG4 hinge, a CD28 transmembrane/intracellular
domain, and CD3zeta. In one embodiment, this chimeric receptor comprises the nucleic
acid sequence of SEQ ID NO: 98. In yet another embodiment, this chimeric receptor is
encoded by the amino acid sequence of SEQ ID NO: 99. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 98, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 98. In several embodiments,
while the chimeric receptor may vary from SEQ ID NO. 98, the chimeric receptor retains,
or in some embodiments, has enhanced, NK cell activating and/or cytotoxic function.
Additionally, in several embodiments, this construct can optionally be co-expressed with
mblIL15.

[00171] NCR1 (NKp46), NCR2 (NKp44) and NCR3 (NKp30) are receptors
on NK cells that transduce activation signals upon ligand binding. Thus, in several
embodiments, polynucleotides are provided encoding a NKG2D/NCRI1 chimeric
receptor, which comprises an NKG2D fragment extracellular receptor domain that binds
native ligands of NKG2D and a NCR1 peptide comprising both the transmembrane
region and intracellular effector domain. In one embodiment, this chimeric receptor
comprises the nucleic acid sequence of SEQ ID NO: 27. In yet another embodiment, this
chimeric receptor is encoded by the amino acid sequence of SEQ ID NO: 28. In some
embodiments, the sequence of the chimeric receptor may vary from SEQ ID NO. 30, but
remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 27. In several
embodiments, while the chimeric receptor may vary from SEQ ID NO. 27, the chimeric
receptor retains, or in some embodiments, has enhanced, NK cell activating and/or
cytotoxic function. Additionally, in several embodiments, this construct can optionally
be co-expressed with mbIL15.

[00172] In several additional embodiments, polynucleotides are provided
encoding a NKG2D/NCR1/4-1BB chimeric receptor, wherein the signaling domain of 4-

I1BB acts as a second transducer of activating signals in the effector domain, leading to
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synergistically enhanced NK cell activation and cytotoxicity. In several additional
embodiments, polynucleotides are provided encoding a NKG2D/NCR2 chimeric
receptor, which comprises an NKG2D fragment extracellular receptor domain that binds
native ligands of NKG2D and a NCR2 peptide comprising both the transmembrane
region and intracellular effector domain. As with NCR1, in several embodiments these
constructs are particularly amenable for use in creating NK cells expressing the chimeric
receptor, due to their relatively small size and simplicity on sequence. However, they
retain the ability, in several embodiments, to yield highly effective NK cells, despite the
apparent simplicity of the construct. Additionally, in several embodiments, these
constructs can optionally be co-expressed with mbIL15.

[00173] In several additional embodiments, polynucleotides are provided
encoding a NKG2D/NCR3 chimeric receptor, which comprises an NKG2D fragment
extracellular receptor domain that binds native ligands of NKG2D and a NCR3 peptide
comprising both the transmembrane region and intracellular effector domain. As with
NCRI1 and or NCR2, in several embodiments these constructs are particularly amenable
for use in creating NK cells expressing the chimeric receptor, due to their relatively small
size and simplicity on sequence. However, they retain the ability, in several
embodiments, to yield highly effective NK cells, despite the apparent simplicity of the
construct. In one embodiment, this chimeric receptor comprises the nucleic acid
sequence of SEQ ID NO: 29. In yet another embodiment, this chimeric receptor is
encoded by the amino acid sequence of SEQ ID NO: 30. In some embodiments, the
sequence of the chimeric receptor may vary from SEQ ID NO. 29, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 29. In several embodiments,
while the chimeric receptor may vary from SEQ ID NO. 29, the chimeric receptor retains,
or in some embodiments, has enhanced, NK cell activating and/or cytotoxic function.
Additionally, in several embodiments, this construct can optionally be co-expressed with
mblIL15.

[00174] In several additional embodiments, polynucleotides are provided
encoding a NKG2D/NCR2/4-1BB chimeric receptor, wherein the signaling domain of 4-
IBB acts as a second transducer of activating signals in the effector domain, thereby

leading to a synergistic effect between the signaling domains, and unexpectedly

-53-



WO 2018/183385 PCT/US2018/024650

effectively cytotoxic NK cells. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15.

[00175] In several additional embodiments, polynucleotides are provided
encoding a NKG2D/NCR3/4-1BB chimeric receptor, wherein the signaling domain of 4-
IBB acts as a second transducer of activating signals in the effector domain, thereby
leading to a synergistic effect between the signaling domains, and unexpectedly
effectively cytotoxic NK cells. Additionally, in several embodiments, this construct can
optionally be co-expressed with mbIL15.

[00176] In some embodiments the surface expression and efficacy of the
chimeric receptors disclosed herein are enhanced by variations in a spacer region (hinge),
which, in several embodiments, are located in the extracellular domain between the
NKG2D fragment and the transmembrane domain. In some embodiments, the hinge
regions can be included between other portions of the chimeric receptor (e.g., between
intracellular and transmembrane domains, or between multiple intracellular domains). In
some embodiments, domains that serve certain purposes as disclosed elsewhere herein,
can serve additional functions. For example, in several embodiments, CD8a is
repurposed to serve as a hinge region (encoded, in several embodiments, by the nucleic
acid sequence of SEQ ID NO: 5). In yet another embodiment, the hinge region comprises
an N-terminal truncated form of CD8a and/or a C-terminal truncated form of CD8a.
Depending on the embodiment, these truncations can be at least about 50%, at least about
60%, at least about 70%, at least about 80%, or at least about 90% homologous to the
hinge encoded by SEQ ID NO. 5. In several additional embodiments, the hinge comprises
spans of Glycine and Serine residues (herein termed “GS linkers”) where GSn represents
the sequence (Gly-Gly-Gly-Gly-Ser)n (SEQ ID NO. 42). In one embodiment, the hinge
comprises both CD8a and GS3, and is encoded by the amino acid sequence of SEQ ID
NO: 32, for example, where n=3. In additional embodiments, the value of n may be equal
tol,2,4,5,6,7,8,9, 10, 11, 12, 13, 14, 15 or greater depending on the embodiment. In
several embodiments, the hinge could also be structured as GSn/CD8a. Alternatively, the
GS linker can comprise the entire hinge region. In one such embodiment, the hinge region
is encoded by the nucleic acid sequence of SEQ ID NO: 33. In another such embodiment,
the hinge region is encoded by the nucleic acid sequence of SEQ ID NO: 34. In several
embodiments, IgG4 is repurposed as a hinge region (encoded, in several embodiments, by

the nucleic acid sequence of SEQ ID NO: 104). In yet another embodiment, the hinge
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region comprises an N-terminal truncated form of IgG4 and/or a C-terminal truncated
form of IgG4. Depending on the embodiment, these truncations can be at least about
50%, at least about 60%, at least about 70%, at least about 80%, or at least about 90%
homologous to the hinge encoded by SEQ ID NO. 104.

[00177] In several embodiments, the chimeric receptor constructs employ a
2B4 intracellular signaling domain. In several embodiments, this domain is encoded by
the amino acid sequence of SEQ ID NO. 35. In some embodiments, the 2B4 domain is
encoded by the nucleic acid sequence of SEQ ID NO. 36. In some embodiments, the
sequence of the 2B4 intracellular domain used in a chimeric receptor may vary from SEQ
ID NO. 36, but remains, depending on the embodiment, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO. 36.
In several embodiments, while the signaling domain of the chimeric receptor may vary
from SEQ ID NO. 36, the chimeric receptor retains, or in some embodiments, has
enhanced, NK cell activating and/or cytotoxic function. Likewise, in several
embodiments an NKp80 intracellular domain is used, in several embodiments. In some
embodiments, the NKp80 domain is the sole intracellular signaling domain, while in
some embodiments, that domain is used in conjunction with one or more additional
domains. In several embodiments, the NKp80 is encoded by the amino acid sequence of
SEQ ID NO. 37. In some embodiments, the NKp80 domain is encoded by the nucleic
acid sequence of SEQ ID NO. 38. In some embodiments, the sequence of the NKp80
intracellular domain used in a chimeric receptor may vary from SEQ ID NO. 38, but
remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 38. In several
embodiments, while the signaling domain of the chimeric receptor may vary from SEQ
ID NO. 38, the chimeric receptor retains, or in some embodiments, has enhanced, NK cell
activating and/or cytotoxic function.

[00178] In several embodiments, the chimeric receptor uses a portion of a
beta-adrenergic receptor as a transmembrane domain. In several embodiments, the
portion comprises a portion of the beta-adrenergic extracellular domain. In several
embodiments, the portion is a portion of the beta-adrenergic receptor transmembrane
domain. In several embodiments, a combination of an extracellular domain and a
transmembrane domain of the beta adrenergic receptor is used. Depending on the

embodiment the portions are from the beta-1 and/or beta-2 adrenergic receptor. In
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several embodiments, a portion of the N-terminal extracellular region of the beta-2
adrenergic receptor is used. In several embodiments that portion has the amino acid
sequence of SEQ ID NO. 39. In some embodiments, the extracellular beta-2 adrenergic
domain is encoded by the nucleic acid sequence of SEQ ID NO. 40. In some
embodiments, the sequence of the extracellular beta-2 adrenergic domain used in a
chimeric receptor may vary from SEQ ID NO. 39, but remains, depending on the
embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at
least 95% homologous with SEQ ID NO. 39. In several embodiments, the first
transmembrane helix of the beta-2 adrenergic receptor is used, optionally in conjunction
with the extracellular beta-2 adrenergic domain. In several embodiments, the first
transmembrane helix of the beta-2 adrenergic receptor has the amino acid sequence of
SEQ ID NO. 41. In some embodiments, the first transmembrane helix of the beta-2
adrenergic receptor is encoded by the nucleic acid sequence of SEQ ID NO. 42. In some
embodiments, the sequence of the first transmembrane helix of the beta-2 adrenergic
receptor used in a chimeric receptor may vary from SEQ ID NO. 41, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 41.

[00179] In one embodiment, the chimeric receptor comprises CD8,
truncated NKG2D, CD8a, transmembrane domain, a CD16 intracellular domain, and 4-
IBB as a costimulatory molecule. In several embodiments, such a construct is encoded
by SEQ ID NO. 25. In some embodiments, the chimeric receptor may vary from SEQ ID
NO. 25, but remains, depending on the embodiment, at least 70%, at least 75%, at least
80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO. 25. In
several embodiments, hinge regions surrounding CD8 are increased by way of addition of
GS linkers (disclosed herein), such as GS3, by way of non-limiting example. In such
embodiments, the construct is encoded by the nucleic acid of SEQ ID NO. 43. In some
embodiments, the chimeric receptor may vary from SEQ ID NO. 43, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 43. In several embodiments,
hinge regions surrounding CD8 are increased by way of addition of longer GS linkers,
such as GS12, or other linker. In several embodiments, hinge regions are decreased by
way of truncating CD8. For example, in several embodiments, the N-terminal region of

CD8a is truncated by at least 20%, at least 30%, at least 40%, or at least 50%. In several
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embodiments, the CD8 hinge is replaced with a GS linker. For example, in several
embodiments, the hinge region comprises a GS3 linker, thereby the construct comprises
NKG2D-GS3-CD16-4-1BB. In one embodiment, such a construct is encoded by the
nucleic acid of SEQ ID NO. 44. In some embodiments, the chimeric receptor may vary
from SEQ ID NO. 44, but remains, depending on the embodiment, at least 70%, at least
75%, at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID
NO. 44. In several embodiments, neither CD8 nor GSn are used. In one embodiment,
such a construct is encoded by the nucleic acid of SEQ ID NO. 45. In some
embodiments, the chimeric receptor may vary from SEQ ID NO. 45, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 45.

[00180] As discussed above, in several embodiments, codon optimized
sequences are employed. For example in several embodiments, codon optimization (full
or partial) is performed on the NKG2D domain of a chimeric receptor. In several
embodiments, however, codon optimization is not performed. In several embodiments, a
chimeric receptor construct is provided with an NKG2D extracellular domain that is not
optimized, a CD8a hinge, and a 4-1BB signaling domain. In several embodiments, a
chimeric receptor construct is provided with an NKG2D extracellular domain that is not
optimized, a CD8a hinge and transmembrane domain, and a 4-1BB signaling domain. In
several embodiments, a chimeric receptor construct is provided with an NKG2D
extracellular domain that is not optimized, a CD8a hinge and transmembrane domain, a 4-
IBB signaling domain and a 2B4 signaling domain. In several embodiments, such a
construct has the nucleic acid sequence of SEQ ID NO. 46. In some embodiments, the
chimeric receptor may vary from SEQ ID NO. 46, but remains, depending on the
embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, or at
least 95% homologous with SEQ ID NO. 46.

[00181] In several embodiments, a chimeric receptor construct is provided
with an NKG2D extracellular domain that is not optimized, a beta-adrenergic derived
transmembrane domain, and a 4-1BB signaling domain. In several embodiments, a
chimeric receptor construct is provided with an NKG2D extracellular domain that is not
optimized, a beta-adrenergic derived transmembrane domain made up of the extracellular
region of the beta-2 adrenergic receptor and the first transmembrane helix of the beta-2

adrenergic receptor, and a 4-1BB signaling domain. In several embodiments, a chimeric
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receptor construct is provided with an NKG2D extracellular domain that is not optimized,
a beta-adrenergic derived transmembrane domain made up of the extracellular region of
the beta-2 adrenergic receptor and the first transmembrane helix of the beta-2 adrenergic
receptor, a 4-1BB signaling domain and a 2B4 signaling domain. In several
embodiments, such a construct has the nucleic acid sequence of SEQ ID NO. 47. In some
embodiments, the chimeric receptor may vary from SEQ ID NO. 47, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 47.

[00182] In several embodiments, a chimeric receptor construct is provided
with an NKG2D extracellular domain that is not optimized, a CD8a hinge, and a 2B4
signaling domain. In several embodiments, a chimeric receptor construct is provided
with an NKG2D extracellular domain that is not optimized, a CD8a hinge and
transmembrane domain, and both a 2B4 and a 4-1BB signaling domain. In several
embodiments, a chimeric receptor construct is provided with an NKG2D extracellular
domain that is not optimized, a CD8a hinge and transmembrane domain, a 4-1BB
signaling domain and a 2B4 signaling domain, as well as a NKp80 domain. In several
embodiments, a GS linker, such as a GS3 linker joins the 2B4 and NKp80 domains. In
several embodiments, such a construct has the nucleic acid sequence of SEQ ID NO. 48.
In some embodiments, the chimeric receptor may vary from SEQ ID NO. 48, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 48.

[00183] In several embodiments, a chimeric receptor construct is provided
with an NKG2D extracellular domain that is not optimized, a CD8a hinge, and a NKp80
signaling domain. In several embodiments, a chimeric receptor construct is provided
with an NKG2D extracellular domain that is not optimized, a CD8a hinge and
transmembrane domain, and a NKp80 signaling domain. In several embodiments, a
chimeric receptor construct is provided with an NKG2D extracellular domain that is not
optimized, a CD8a hinge and transmembrane domain, a 4-1BB signaling domain and a
NKp80 domain. In several embodiments, a GS linker, such as a GS3 linker joins the 4-
I1BB and NKp80 domains. In several embodiments, such a construct has the nucleic acid
sequence of SEQ ID NO. 49. In some embodiments, the chimeric receptor may vary from

SEQ ID NO. 49, but remains, depending on the embodiment, at least 70%, at least 75%,
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at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
49,

[00184] In several embodiments, a CD8 transmembrane domain is coupled
with a 2B4 intracellular domain. In several embodiments, a CD8 transmembrane domain
is replaced with a 2B4 domain that is transmembrane and intracellular. In several
embodiments, the CD8 transmembrane domain is replaced with 2B4 and 4-1BB is
expressed in a proximal configuration.

[00185] In several embodiments, a CD16 intracellular signaling domain is
coupled with a CD3zeta or gamma subunit which are exogenously expressed in frans to
the chimeric receptors described herein. As discussed above, such constructs can result in
unexpectedly enhanced signal transduction, and thus an unexpected increase in cytotoxic
effects of the NK cells.

[00186] In several embodiments, the chimeric receptors are configured to
dimerize, as discussed in additional detail herein. In several embodiments a truncated
NKG2D receptor according to several embodiments disclosed herein is optionally
dimerized. Dimerization may comprise homodimers or heterodimers, depending on the
embodiment. In several embodiments, dimerization results in a shift of avidity of the
chimeric receptor (and hence the NK cells expressing the receptor) to better ligand
recognition with a coordinate balance in reduced (or lack) of adverse toxic effects. In still
further embodiments, the extracellular receptor domain further comprises a CD8a signal
peptide. In several embodiments, the chimeric receptors employ internal dimers, or
repeats of one or more component subunits. For example, in several embodiments, the
chimeric receptor comprises a NKG2D extracellular domain coupled to a second NKG2D
extracellular domain, and a transmembrane/signaling region (or a separate
transmembrane region along with a separate signaling region). In several embodiments,
one or more of the NKG2D extracellular domains are codon optimized. In several
embodiments, the two NKG2D extracellular domains are separated by a linker, for
example a GSn linker. In one embodiment, a GS3 linker is used. In several
embodiments, the transmembrane domain comprises an extracellular region of the beta-
adrenergic receptor. In several embodiments, the transmembrane domain transmembrane
domain comprises an extracellular region of the beta-2 adrenergic receptor and further
comprises the first transmembrane domain of the beta-2 adrenergic receptor. In several

embodiments, the signaling region comprises 4-1BB. In several embodiments, the
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signaling region comprises NKp80. In several embodiments, the signaling region
comprises a CD16 transmembrane-intracellular domain. In several embodiments, the
signaling region comprises 4-1BB in conjunction with NKp80 or a CD16 transmembrane-
intracellular domain. In several embodiments, the chimeric receptor has the nucleic acid
sequence of SEQ ID NO. 50. In some embodiments, the chimeric receptor may vary from
SEQ ID NO. 50, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
50. In several embodiments, the chimeric receptor has the nucleic acid sequence of SEQ
ID NO. 51. In some embodiments, the chimeric receptor may vary from SEQ ID NO. 51,
but remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at
least 85%, at least 90%, or at least 95% homologous with SEQ ID NO. 51. In several
embodiments, the chimeric receptor has the nucleic acid sequence of SEQ ID NO. 52. In
some embodiments, the chimeric receptor may vary from SEQ ID NO. 52, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 52. In several embodiments,
the chimeric receptor comprises a hinge region. In several embodiments, CD8a is
repurposed to serve as a hinge region (encoded, in several embodiments, by the nucleic
acid sequence of SEQ ID NO: 5). In several embodiments, the chimeric receptor
comprises a CD8a transmembrane domain. In several embodiments, the signaling region
comprises 4-1BB in conjunction with 2B4 and CD3zeta. In some embodiments, the
chimeric receptor comprises the fragment of NKG2D that is codon optimized coupled to
a GS3 linker, an additional NKG2D fragment, a CD8a hinge, a CD8a transmembrane
domain, and an effector domain comprising 4-1BB and CD3zeta. In several
embodiments, the chimeric receptor has the nucleic acid sequence of SEQ ID NO. 66. In
some embodiments, the chimeric receptor may vary from SEQ ID NO. 66, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 50. In several embodiments, the
chimeric receptor chimeric receptor comprises the amino acid sequence of SEQ ID NO:
67. In some embodiments, the chimeric receptor may vary from SEQ ID NO. 66, but
remains, depending on the embodiment, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, or at least 95% homologous with SEQ ID NO. 50.

[00187] In several embodiments, the chimeric receptors are configured to

be bispecific, as discussed in additional detail herein. In several embodiments, a
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truncated NKG2D receptor according to several embodiments disclosed herein is
bispecific due to a second peptide that binds, for example, non-NKG2D ligands. In
several embodiments, bi-specificity results in a shift of the targeting of the chimeric
receptor (and hence the NK cells expressing the receptor) to better target cell recognition
with a coordinate balance in reduced (or lack) of adverse toxic effects. In still further
embodiments, the extracellular receptor domain further comprises a CD8a signal peptide.
For example, in several embodiments, the chimeric receptor comprises a NKG2D
extracellular domain coupled to a second extracellular domain that binds other (non-
NKG2D) ligands, and a transmembrane/signaling region (or a separate transmembrane
region along with a separate signaling region). In several embodiments, the two
extracellular domains are separated by a linker, for example a GSn linker. In one
embodiment, a GS3 linker is used.

[00188] According to several embodiments disclosed herein, additional
chimeric receptors employing codon optimized NKG2D domains are provided for
(optionally, these constructs can also be replicated with non-optimized or partially
optimized domains). For example, in several embodiments, a codon optimized
extracellular domain is coupled with a hinge and at least two transmembrane/signaling
domains. In several embodiments, the multiple signaling domains provide enhanced
cytotoxic efficacy of the NK cells because multiple, non-redundant signal cascades are
set in motion. While in some embodiments these multiple pathways may converge on a
single signaling molecule (e.g., IFNy), the overall cytotoxic effect is unexpectedly
increased because of the overall magnitude of signaling molecules driving a cytotoxic
endpoint. As a non-limiting example, in several embodiments an NKG2D is coupled to a
CD8a hinge followed by a CD16 transmembrane-intracellular signaling domain and a 4-
1BB signaling domain. In several embodiments, this construct further comprises a 2B4
signaling domains. In several embodiments, such a chimeric receptor has the nucleic acid
sequence of SEQ ID NO. 53. In some embodiments, the chimeric receptor may vary from
SEQ ID NO. 53, but remains, depending on the embodiment, at least 70%, at least 75%,
at least 80%, at least 85%, at least 90%, or at least 95% homologous with SEQ ID NO.
53. In additional embodiments, the NKG2D-CD8a-CD16IC/TM construct further
comprises a NKp80 signaling domain. In several embodiments, such a construct further
comprises a GS3 linker between the 4-1BB and NKp80 domains. In several

embodiments, such a chimeric receptor has the nucleic acid sequence of SEQ ID NO. 54.
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In some embodiments, the chimeric receptor may vary from SEQ ID NO. 54, but remains,
depending on the embodiment, at least 70%, at least 75%, at least 80%, at least 85%, at
least 90%, or at least 95% homologous with SEQ ID NO. 54.

[00189] In still additional embodiments, certain components of a chimeric
receptor can be replaced with one or more additional subunits that lead to enhanced
efficacy (e.g., activation or cytotoxicity of NK cells). For example, in one embodiment, a
CD16 intracellular signaling domain can be replaced with a quad-repeat of DAP10 (e.g.,
4xDAP10). In an additional embodiment, a CD16 intracellular signaling domain can be
replaced with a Zap70 subunit. Certain such embodiments lead to unexpectedly enhanced
NK cell cytotoxicity.

[00190] In several additional embodiments, the effector domain comprises
one or more consensus hemi-ITAM sequences to enhance the transduction of activation
signaling upon ligand binding. In additional embodiments, the inclusion of a GS linker
between the signaling domains of 4-1BB, CD16, NCR1, NCR2 and/or NCR3 enhances
signal transduction. Moreover, in several embodiments one or both of CD3( and FcRy are
additionally expressed along with the chimeric receptors described herein (either on the
same or a separate construct), which results in unexpectedly enhanced signal
transduction, and thus an unexpected increase in cytotoxic effects of the NK cells.
Depending on the embodiment, the engineered expression of one or more of CD3( and
FcRy supplements endogenous expression of these molecules by NK cells, thereby
further enhancing the signaling and ultimate cytotoxic potency of the NK cells.

[00191] Optionally, depending on the embodiment, any of the
polynucleotides disclosed herein may also encode truncations and/or variants of one or
more of the constituent subunits of a chimeric receptor, yet retain their ability to direct
NK cells to target cells and in several embodiments unexpectedly enhance cytotoxicity
upon binding. In addition, any of the polynucleotides disclosed herein may also
optionally include codon-optimized nucleotide sequences encoding the various
constituent subunits of a chimeric receptor. As used herein, the terms “fragment” and
“truncated” shall be given their ordinary meaning and shall also include N- and C-
terminal deletion variants of proteins.

[00192] The polynucleotides encoding the chimeric receptors described
herein may be inserted into vectors to achieve recombinant protein expression in NK

cells. In one embodiment, the polynucleotide is operably linked to at least one regulatory
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element for the expression of the chimeric receptor. In specific embodiments,
transcriptional regulatory elements heterologous, such as, for example an internal
ribosome entry site (IRES) or enhancer element, to the peptides disclosed herein are
employed to direct the transcription of the chimeric receptor. In some embodiments, the
polynucleotide comprises one or more cytosolic protease cleavage sites. In some
embodiments, the cleavage site is recognized and cleaved by a cytosolic protease. In
some embodiments, this cleavage site is selected from the group comprising a T2A
cleavage site, a P2A cleavage site, an E2A cleavage site, and an F2A cleavage site.
Depending on the embodiment, the various constituent parts of a chimeric receptor can be
delivered to an NK cell in a single vector, or alternatively in multiple vectors. In some
embodiments, a chimeric receptor construct is delivered in a single vector, while another
factor that enhances efficacy of the chimeric receptor, such as mbIL15, is delivered in a
separate vector. In several embodiments, a chimeric receptor and a factor that enhances
efficacy of the chimeric receptor (e.g., mbIL15), is delivered in a single vector.
Regardless of the number of vectors used, any polynucleotide may optionally include a
tag sequence, allowing identification of the presence of NK cells expressing the construct.
For example, in several embodiments a FLAG tag (DYKDDDDK, SEQ ID NO. 55) is
used. Also available are other tag sequences, such as a polyhistidine tag (His-tag)
(HHHHHH, SEQ ID NO. 56), HA-tag or myc-tag (EQKLISEEDL; SEQ ID NO: 57).
Alternatively, green fluorescent protein, or other fluorescent moiety, is used.
Combinations of tag types can also be used, to individually recognize sub-components of
a chimeric receptor.

[00193] In several embodiments, the polynucleotide encoding the chimeric
receptor is an mRNA that may be introduced into NK cells by electroporation. In another
embodiment, the vector is a virus, preferably a retrovirus, which may be introduced into
NK cells by transduction. In several embodiments, the vector is a Murine Stem Cell
Virus (MSCV). In additional embodiments, other vectors may be used, for example
lentivirus, adenovirus, adeno-associated virus, and the like may be used. In several
embodiments, non-HIV-derived retroviruses are used. The vector chosen will depend
upon a variety of factors, including, without limitation, the strength of the transcriptional
regulatory elements and the cell to be used to express a protein. The vector can be a
plasmid, phagemid, cosmid, viral vector, phage, artificial chromosome, and the like. In

additional embodiments, the vectors can be episomal, non-homologously, or
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homologously integrating vectors, which can be introduced into the appropriate cells by
any suitable means (transformation, transfection, conjugation, protoplast fusion,
electroporation, calcium phosphate-precipitation, direct microinjection, etc.) to transform
them. Other approaches to induce expression of chimeric receptors in NK cells are used
in several embodiments, including for example, the SV40 early promoter region, the
promoter contained in the 3’ long terminal repeat of Rous sarcoma virus, the herpes
thymidine kinase promoter, the regulatory sequences of the metallothionein gene, an
adenovirus (ADV) promoter, a cytomegalovirus (CMV) promoter, the bovine papilloma
virus (BPV) promoter, the parovirus B19p6 promoter, the beta-lactamase promoter, the
tac promoter, the nopaline synthetase promoter region or the cauliflower mosaic virus
35S RNA promoter, the promoter of ribulose biphosphate carboxylase, the Gal 4
promoter, the ADC (alcohol dehydrogenase) promoter, the PGK (phosphoglycerol
kinase) promoter, the synthetic MND promoter containing the U3 region of a modified
MoMuLV LTR with the myeloproliferative sarcoma virus enhancer, and the alkaline
phosphatase promoter.

[00194] Natural killer cells may be engineered to express the chimeric
receptors disclosed herein. Chimeric receptor expression constructs may be introduced
into NK cells using any of the techniques known to one of skill in the art. In one
embodiment, the chimeric receptors are transiently expressed in the NK cells. In another
embodiment, the chimeric receptors are stably expressed in NK cells. In an additional
embodiment, the NK cells are autologous cells. In yet another embodiment, the NK cells
are donor-derived (allogeneic) cells.

[00195] Further provided herein are methods of treating a subject having
cancer or an infectious disease comprising administering to the subject a composition
comprising NK cells engineered to express a chimeric receptor as disclosed herein, the
chimeric receptor designed to target a marker or ligand expressed differentially on the

damaged or diseased cells or tissue (e.g., expressed to a different degree as compared to a

2
2

normal cell or tissue). As used herein, the terms “express”, “expressed” and “expression”
be given their ordinary meaning and shall refer to allowing or causing the information in
a gene or polynucleotide sequence to become manifest, for example producing a protein
by activating the cellular functions involved in transcription and translation of a
corresponding gene or DNA sequence. The expression product itself, e.g., the resulting

protein, may also be said to be “expressed” by the cell. An expression product may be
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characterized as intracellular, extracellular or transmembrane. The term “intracellular”
shall be given its ordinary meaning and shall refer to inside a cell. The term
“extracellular” shall be given its ordinary meaning and shall refer to outside a cell. The
term “transmembrane” shall be given its ordinary meaning and shall refer to at least a
portion of a polypeptide is embedded in a cell membrane. The term “cytoplasmic” shall
be given its ordinary meaning and shall refer to residing within the cell membrane,

2%

outside the nucleus. As used herein, the terms “treat,” “treating,” and “treatment” in the
context of the administration of a therapy to a subject shall be given their ordinary
meaning and shall refer to the beneficial effects that a subject derives from a therapy. In
certain embodiments, treatment of a subject with a genetically engineered cell(s)
described herein achieves one, two, three, four, or more of the following effects,
including, for example: (1) reduction or amelioration the severity of disease or symptom
associated therewith; (i) reduction in the duration of a symptom associated with a
disease; (iii) protection against the progression of a disease or symptom associated
therewith; (iv) regression of a disease or symptom associated therewith; (v) protection
against the development or onset of a symptom associated with a disease; (vi) protection
against the recurrence of a symptom associated with a disease; (vii) reduction in the
hospitalization of a subject; (viii) reduction in the hospitalization length; (ix) an increase
in the survival of a subject with a disease; (x) a reduction in the number of symptoms
associated with a disease; (xi) an enhancement, improvement, supplementation,
complementation, or augmentation of the prophylactic or therapeutic effect(s) of another
therapy. Administration can be by a variety of routes, including, without limitation,
intravenous, intra-arterial, subcutaneous, intramuscular, intrahepatic, intraperitoneal
and/or local delivery to an affected tissue. Doses of NK cells can be readily determined
for a given subject based on their body mass, disease type and state, and desired
aggressiveness of treatment, but range, depending on the embodiments, from about 10
cells per kg to about 10" cells per kg (e.g., 10°7107, 107 10", 10" 10"* and overlapping
ranges therein). In one embodiment, a dose escalation regimen is used. In several
embodiments, a range of NK cells is administered, for example between about 1 x 10°
cells/kg to about 1 x 10® cells/kg. Depending on the embodiment, various types of cancer
or infection disease can be treated. Various embodiments provided for herein include
treatment or prevention of the following non-limiting examples of cancers including, but

not limited to, acute lymphoblastic leukemia (ALL), acute myeloid leukemia (AML),
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adrenocortical carcinoma, Kaposi sarcoma, lymphoma, gastrointestinal cancer, appendix
cancer, central nervous system cancer, basal cell carcinoma, bile duct cancer, bladder
cancer, bone cancer, brain tumors (including but not limited to astrocytomas, spinal cord
tumors, brain stem glioma, craniopharyngioma, ependymoblastoma, ependymoma,
medulloblastoma, medulloepithelioma), breast cancer, bronchial tumors, Burkitt
lymphoma, cervical cancer, colon cancer, chronic lymphocytic leukemia (CLL), chronic
myelogenous leukemia (CML), chronic myeloproliferative disorders, ductal carcinoma,
endometrial cancer, esophageal cancer, gastric cancer, Hodgkin lymphoma, non-Hodgkin
lymphoma, hairy cell leukemia, renal cell cancer, leukemia, oral cancer, nasopharyngeal
cancer, liver cancer, lung cancer (including but not limited to, non-small cell lung cancer,
(NSCLC) and small cell lung cancer), pancreatic cancer, bowel cancer, lymphoma,
melanoma, ocular cancer, ovarian cancer, pancreatic cancer, prostate cancer, pituitary
cancer, uterine cancer, and vaginal cancer.

[00196] Further, various embodiments provided for herein include
treatment or prevention of the following non-limiting examples of infectious diseases
including, but not limited to, infections of bacterial origin may include, for example,
infections with bacteria from one or more of the following genera: Bordetella, Borrelia,
Brucella,  Campylobacter,  Chlamydia  and  Chlamydophila,  Clostridium,
Corynebacterium, Enterococcus, Escherichia, Francisella, Haemophilus, Helicobacter,
Legionella, Leptospira, Listeria, Mycobacterium, Mycoplasma, Neisseria, Pseudomonas,
Rickettsia, Salmonella, Shigella, Staphylococcus, Streptococcus, Treponema, Vibrio, and
Yersinia, and mutants or combinations thereof. In several embodiments, methods are
provided to treat a variety to treat viral infections, such as those caused by one or more
viruses, such as adenovirus, Coxsackievirus, Epstein-Barr virus, hepatitis a virus,
hepatitis b virus, hepatitis ¢ virus, herpes simplex virus, type 1, herpes simplex virus, type
2, cytomegalovirus, ebola virus, human herpesvirus, type 8, HIV, influenza virus, measles
virus, mumps virus, human papillomavirus, parainfluenza virus, poliovirus, rabies virus,
respiratory syncytial virus, rubella virus, and varicella-zoster virus.

[00197] In some embodiments, also provided herein are nucleic acid and
amino acid sequences that have homology of at least 80%, 85%, 90%, 95%, 96%, 97%,
98%, 99% (and ranges therein) as compared with the respective nucleic acid or amino
acid sequences of SEQ ID NOS. 1-68 and that also exhibit one or more of the functions
as compared with the respective SEQ ID NOS. 1-68: including but not limited to, (i)
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enhanced proliferation, (i1) enhanced activation, (ii1) enhanced cytotoxic activity against
cells presenting ligands to which NK cells harboring receptors encoded by the nucleic
acid and amino acid sequences bind, (iv) enhanced homing to tumor or infected sites, (v)
reduced off target cytotoxic effects, (vi) enhanced secretion of immunostimulatory
cytokines and chemokines (including, but not limited to IFNg, TNFa, 1L-22, CCL3,
CCLA4, and CCLS), (vii) enhanced ability to stimulate further innate and adaptive immune
responses, and (viii) combinations thereof.

[00198] Additionally, in several embodiments, there are provided amino
acid sequences that correspond to any of the nucleic acids disclosed herein, while
accounting for degeneracy of the nucleic acid code. Furthermore, those sequences
(whether nucleic acid or amino acid) that vary from those expressly disclosed herein, but
have functional similarity or equivalency are also contemplated within the scope of the
present disclosure. The foregoing includes mutants, truncations, substitutions, or other
types of modifications.

[00199] There are provided for herein, according to several embodiments,
polynucleotides encoding chimeric receptors, comprising an extracellular receptor
domain, wherein the extracellular receptor domain comprises a peptide that binds native
ligands of Natural Killer Group 2 member D (NKG2D), wherein the peptide that binds
native ligands of NKG2D is a fragment of NKG2D, an effector domain comprising a
transmembrane region and an intracellular signaling domain. In several embodiments,
the fragment of NKG2D is encoded by a polynucleotide comprising the sequence of SEQ
ID NO. 2 or 3 or 68, or functional equivalent thereof. In several embodiments, the
polynucleotide encodes an effector domain comprising CD16. In several embodiments,
the polynucleotide encodes an effector domain comprising NCR1. In several
embodiments, the polynucleotide encodes an effector domain comprising NCR2. In
several embodiments, the polynucleotide encodes an effector domain comprising NCR3.
In some embodiments, the polynucleotide encodes an additional effector domain portion
comprising 4-1BB. In several embodiments, the polynucleotide encodes a chimeric
receptor made up of NKG2D and CD16. In several embodiments, the polynucleotide
encodes a chimeric receptor made up of NKG2D and NCR1. In several embodiments, the
polynucleotide encodes a chimeric receptor made up of NKG2D and NCR2. In
additional embodiments, the polynucleotide encodes a chimeric receptor made up of

NKG2D coupled to CD16 and optionally 4-1BB. In several embodiments, CD16 is
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replaced by NCR1, and in some embodiments, by NCR2, or even NCR3, depending on
the embodiment. In several embodiments, the effector domain further comprises a GS
linker between, for example, 4-1BB and one of CD16, NCR1, NCR2, or NCR3.

[00200] In several embodiments, the extracellular receptor domain further
comprises a hinge region. In several embodiments, the hinge region comprises CD8a.
However, in additional embodiments, the hinge region further comprises one or more
linkers, which in some embodiments, comprise GS9, CD8a/GS3, truncated CD8a, GS3,
and the like.

[00201] In several embodiments, the extracellular receptor domain further
comprises a CD8a signal peptide. In several embodiments, the effector domain comprises
one or more hemi-ITAM sequences. In several embodiments, the chimeric receptor does
not comprise DNAX-activating protein 10 (DAP10). In several embodiments, the
chimeric receptor does not comprise an ITAM motif, but rather employs an alternative
signaling region, such as an ITSM, hemi-tam or other co-stimulatory region.

[00202] In one embodiment, there is provided a polynucleotide encoding a
chimeric receptor comprising an extracellular receptor domain, wherein the extracellular
receptor domain comprises a peptide that binds native ligands of Natural Killer Group 2
member D (NKG2D), wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D, a transmembrane region, wherein the transmembrane region
comprises CD8a, and an effector domain, wherein the effector domain comprises 4-1BB
and CD3 zeta, wherein the polynucleotide is co-expressed with an additional construct
encoding membrane-bound interleukin 15 (mbIL15).

[00203] There is also provided in several embodiments, a polynucleotide
encoding a chimeric receptor comprising an extracellular receptor domain, wherein the
extracellular receptor domain comprises a peptide that binds native ligands of Natural
Killer Group 2 member D (NKG2D), wherein the peptide that binds native ligands of
NKG2D is a fragment of NKG2D, a transmembrane region, wherein the transmembrane
region comprises CD8a, and an effector domain, wherein the effector domain comprises
4-1BB and the intracellular domain of 2B4 or DAP10. The polynucleotide encoding a
chimeric receptor as described herein comprises a second peptide that binds native
ligands of NKG2D. In several embodiments, the native ligands of NKG2D include, but
are not limited to, MICA, MICB, ULBP1, ULBP2, ULBP3, ULBP4, ULBP5 or ULBP6.
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In several embodiments, the portion of the chimeric receptor that binds native ligands of
NKG2D has at least 80% homology to SEQ ID NO: 1, 2, 3, or 68.

[00204] In several embodiments, the provided polynucleotide is an mRNA.
In some embodiments, the polynucleotide is operably linked to at least one regulatory
element for the expression of the chimeric receptor. As used herein, the terms “nucleic
acid,” “nucleotide,” and “polynucleotide” shall be given their ordinary meanings and
shall include deoxyribonucleotides, deoxyribonucleic acids, ribonucleotides, and
ribonucleic acids, and polymeric forms thereof, and includes either single- or double-
stranded forms. Nucleic acids include naturally occurring nucleic acids, such as
deoxyribonucleic acid (“DNA”) and ribonucleic acid (“RNA”) as well as nucleic acid
analogs. Nucleic acid analogs include those which include non-naturally occurring bases,
nucleotides that engage in linkages with other nucleotides other than the naturally
occurring phosphodiester bond or which include bases attached through linkages other
than phosphodiester bonds. Thus, nucleic acid analogs include, for example and without
limitation, phosphorothioates, phosphorodithioates, phosphorotriesters,
phosphoramidates, boranophosphates, methylphosphonates, chiral-methyl phosphonates,
2-O-methyl ribonucleotides, peptide-nucleic acids (PNAs), locked-nucleic acids (LNAs),
and the like. As used herein, the term “operably linked,” for example in the context of a
regulatory nucleic acid sequence being “operably linked” to a heterologous nucleic acid
sequence, shall be given its ordinary meaning and shall mean that the regulatory nucleic
acid sequence is placed into a functional relationship with the heterologous nucleic acid
sequence. In the context of an IRES, “operably linked to” refers to a functional linkage
between a nucleic acid sequence containing an internal ribosome entry site and a
heterologous coding sequence initiation in the middle of an mRNA sequence resulting in
translation of the heterologous coding sequence. As used herein, the term “vector” shall
be given its ordinary meaning and shall refer to a vehicle by which a DNA or RNA
sequence (e.g., a foreign gene) can be introduced into a genetically engineered cell, so as
to transform the genetically engineered cell and promote expression (e.g., transcription
and/or translation) of the introduced sequence. Vectors include viruses, plasmids, phages,
etc. The term “chimeric receptor” as used herein shall be given its ordinary meaning and
shall refer to a cell-surface receptor comprising at least two polypeptide domains not
naturally found together on a single protein. The term “chimeric receptor complex” as

used herein refers to a first polypeptide, which may comprise at least two polypeptide
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domains in a combination that are not naturally found together on a single protein, which
first polypeptide is associated with a second polypeptide, for example, an adaptor
polypeptide, a signaling molecule, or a stimulatory molecule. Additional terms relating to
generation and use of chimeric receptors as disclosed here are readily understood by one
of ordinary skill in the art and can also be found in International Publication WO
2014/117121 and US Patent No. 7,994,298, each of which are incorporated by reference
in their entirety herein.

[00205] Additionally provided, according to several embodiments, is a
vector comprising the polynucleotide encoding any of the polynucleotides provided for
herein, wherein the polynucleotides are optionally operatively linked to at least one
regulatory element for expression of a chimeric receptor. In several embodiments, the
vector s a retrovirus.

[002006] Further provided herein are engineered natural killer cells
comprising the polynucleotide, vector, or chimeric receptors as disclosed herein. In
several embodiments, these NK cells are suitable for use in the treatment of prevention of

disease, such as, for example, cancer and/or infectious disease.

EXAMPLES
Methods
[00207] The following experimental methods and materials were used in

the non-limiting experimental examples disclosed below.

Cell Lines and Culture Conditions

[00208] The human acute lymphoblastic leukemia cell line REH, human
osteosarcoma cell line U-2 OS and human embryonic kidney fibroblast 293T (HEK
293T) cells were obtained from the American Type Culture Collection (ATCC;
Manassas, Virginia). REH cells were maintained and grown in Roswell Park Memorial
Institute series 1640 (RPMI-1640; Gibco, Carlsbad, California) supplemented with 10%
fetal bovine serum (FBS; Hyclone, Logan, Utah) and 1% penicillin-streptomycin. Both
HEK 293T and U-2 OS cells were maintained and grown in Dulbecco’s modified Eagles
Medium (DMEM; Hyclone) supplemented with 10% FBS and 1% penicillin-

streptomycin. All mammalian cells were incubated at 37 °C with 5% CO2.
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DNA Plasmids

[00209] A DNA plasmid containing the chimeric receptor NKG2D-DAP10-
CD3( was made as previously described (see Chang et al. Cancer Research, Vol. 73(6):
2013). Splicing by overlapping extension polymerase chain reaction (SOE-PCR) was
used to fuse the individual domains forming the NKG2D-41BB-CD3( construct. That
construct was then inserted into the Murine Stem Cell Virus (MSCV) retroviral vector
(Figure 3A). The constructs for NKG2D-CD16 and NKG2D-CD16-41BB were codon
optimized and inserted into the MSCYV vector (Figure 3B) by GenScript (Nanjing, China).
The sequences of the constructs were verified by DNA sequencing.
Expansion of Human NK Cells

[00210] Human peripheral blood mononuclear cells (PBMCs) were
obtained by Ficoll density centrifugation of blood samples from healthy adult donors. To
expand the NK cells, PBMCs were cultured with K562 genetically modified with
membrane bound IL-15 and 4-1BB ligand (K562-mb15-41BBL). Cells were cultured in
Stem Cell Growth Medium (SCGM; Cell Genix, Freiburg, Germany) supplemented with
401U of IL-2/ml every two days.

[00211] After 7 days of culture, NK cells were T-cell depleted using anti-
CD3 Dynabeads (Invitrogen, Carlsbad, California). NK cells were then cultured in
SCGM supplemented with 40-200 IU of IL-2/ml every two days.

Production of Retrovirus and Transduction of NK Cells

[00212] Production of retrovirus was carried out by transiently transfecting
HEK 293T cells with retroviral packaging plasmids. HEK 293T cells were first seeded to
a concentration of 2.5x10° cells in 12 ml of DMEM 18 hours before the transfection. The
cells were then transfected with 3.5 pg of MSCV vector containing the respective
NKG2D chimeric receptors (non-limiting constructs are illustrated schematically in
Figures 1B-1C and 2A-2B), 3.5 ug of pEQ-PAMS3, and 3.0 pg of pRDF. For control,
empty MSCV vector containing GFP was used. X-tremeGENE 9 DNA Transfection
Reagent (Roche, Basel, Switzerland) was used for the transfection. DMEM was replaced
with conditioned RPMI-1640 24 hours after the transfection.

[00213] Transduction of NKG2D chimeric receptor transgene into NK cells

was done 18 hours after the changing of media. NK cells were first suspended at a
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concentration of 0.25x10° cells in 2 ml of conditioned RPMI-1640. Cells were
subsequently seeded into RetroNectin (TaKaRa, Otsu, Japan) coated tubes. RPMI-1640
containing the retrovirus (virus supernatant) was harvested from the HEK 293T cell
cultures and fresh conditioned medium was added back to the cultures. The viral
supernatant was supplemented with 200 TU of IL-2/ml and 3 ml of the viral supernatant
was dispensed into each RetroNectin coated tubes (containing the seeded NK cells). In
accordance with certain embodiments of producing NK cells, seeded NK cells were
transduced six times, once every 12 hours with fresh viral media. Transduced NK cells
were then harvested 48 hours after the last transduction, and cultured in SCGM with the
addition of 200 IU of IL-2/ml every two days. The transduced NK cells were used for

experiments 14 to 28 days after expansion.
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Detection of Chimeric Receptor Expression by Flow Cytometry

[00214] Transduced NK cells were washed once with phosphate-buffered
saline containing albumin, and 2 pl of rabbit serum was added. The cells were then
stained with peridinin chlorophyll (PerCP)-conjugated anti-human NKG2D antibody
(clone 149810; R&D Systems, Minneapolis, USA) for 10 minutes in the dark. For
controls, the transduced NK cells were stained with the respective PerCP-conjugated IgG
isotype antibody. All NK cells were washed again and fixed with 300 pl 0.5%
formaldehyde before analysis using Accuri C6 flow cytometer (BD, Franklin Lakes, New

Jersey). Data was analyzed using a paired t-test.

Cytotoxicity Assays

[00215] REH cells were stained with calcein AM red-orange (Thermo
Fisher Scientific, Waltham, Massachusetts). REH cells were seeded into a 96-well round
bottom plate (CoStar, Corning, New York). Transduced NK cells were then added at
various effector: target (E:T) ratio. The cell cultures were incubated for four hours at 37
°C and 5% CO,. Stained viable target cells were counted using the Accuri C6 flow
cytometer. U-2 OS cells were seeded into 96-well flat bottom white plate (Costar) and
incubated for four hours. Transduced NK cells was then added according to different E: T
ratios. Cell cultures were then incubated for another four hours. Prior to analysis, Bright-
Glo substrate (Promega, Madison, Wisconsin) was added to the cells. Intensity of
luminescence from viable target cells was measured using FLx800 Fluorescence Reader
(Bio Tek, Winooski, Vermont). Differences between intensity of luminescence and

control were converted to percentage cytotoxicity.

Interferon gamma (IFNy) Production Assay

[00216] To determine the amount of IFNy produced by the NK cells,
effector and target cells were first cultured with (E:T of 1:1) or without REH in a 96-well
round bottom plate. Cells were incubated for one hour before the addition of GolgiPlug
(brefeldin A; BD Biosciences). After another 5 hours of culture, cells were labeled with
phycoerythrin (PE)-conjugated anti-human CDS56 antibody (clone MY31, BD
Biosciences). Cells were permeabilized using a proprietary permeabilization reagent and
incubated for 40 minutes in the dark. The cells were then washed with a proprietary wash

buffer. Intracellular IFNy was detected with allophycocyanin (APC)-conjugated IFNy
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antibody (clone 25723.11; BD Biosciences) for 45 minutes. The cells were then fixed and

analyzed using Accuri C6 flow cytometer.

Example 1 — CD3-zeta Containing NKG2D Constructs

[00217] As disclosed herein, various constructs comprising NKG2D and/or
NKG2D variants coupled with various transmembrane and/or signaling domains are
provided. The present experiment was conducted to evaluate the expression and
cytotoxic activity of constructs comprising CD3-zeta signaling domains. Two CD3-zeta
constructs were prepared and tested according to the methods and materials described
above. Depending on the construct, the methods used can be readily adjusted to account
for variations required for generating, expressing and testing a construct. The two
constructs were NKG2D-DAP10-CD3{ and NKG2D-41BB-CD3(. For reference Figure
1A schematically depicts an endogenous NKG2D. In NK cells, ionic interactions
between the transmembrane region of NKG2D allow association with its adaptor protein
DAPI10 (Wu et al., 1999). Upon ligand binding, NKG2D signals are transduced through
the signaling motif, YXNM, found on DAP10. CD3( transduce signals through its
immunoreceptor tyrosine-based activation motif (ITAM; Lanier, 2008). The two
experimental constructs are illustrated schematically in Figure 1B and 1C, respectively.
Figure 1B shows NKG2D-DAP10-CD3({, with signaling occurring through both the
YxXNM and ITAM motifs. Figure 1C shows the NKG2D-41BB-CD3( construct, which
employs a CD8a hinge region as a transmembrane domain and 4-1BB and CD3( as
signaling domains.

[00218] The ability of NK cells to effectively express these constructs was
first assessed. NK cells expanded from PBMC of healthy adult donors were transduced
with one of the two chimeric receptors. Mock-transduced NK cells were used as control
(transduced with empty MSCV vector containing GFP only). The presence and relative
abundance of the chimeric receptors were determined through staining the NK cells with
a Per-CP conjugated anti-NKG2D antibody. Figure 4A depicts representative flow
cytometry data related to the percentage of NKG2D-positive NK cells after transduction
with Mock (left panel), NKG2D-DAP10-CD3( (center panel) or NKG2D-41BB-CD3(
(right panel) constructs. Mock transduced NK cell showed no NKG2D expression with
the antibody used (which does not showing staining above an isotype-matched non-

reactive antibody, despite the naturally high NKG2D expression on activated NK cells),
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while just under 60% of cells transduced with the NKG2D-DAP10-CD3( construct
exhibited NKG2D expression above the isotype-matched non-reactive antibody control,
and over 80% of NK cells transduced with the NKG2D-41BB-CD3({. Pooled data for the
percentage of NKG2D positive NK cells from all donors is shown in Figure 4B. Both
engineered NKG2D constructs result in substantial gain in NKG2D expression compared
to Mock, though there is not a significant difference between the percent expression of
the two constructs. Figure 4C depicts expression data based on Mean Fluorescence
Intensity (MFI), which represents, within the population expressing the NKG2D
construct, the degree to which that cell expresses the construct (e.g., multiple copies of
the construct per cell would yield a greater MFI). By this measure, the expression of the
NKG2D-41BB-CD3( is significantly greater than that of the NKG2D-DAP10-CD3({
construct.

[00219] Collectively, these data demonstrate that, in accordance with
several embodiments disclosed herein, engineered constructs can successfully be
expressed on NK cells. In several embodiments, enhanced expression of the construct
can be achieved by repeated transduction of the NK cells with a particular construct. In
several embodiments, the components of the constructs can be delivered to a cell in a
single vector, or alternatively using multiple vectors. Depending on the embodiment, the
construct itself may lead to enhanced expression, for example a linear or head to tail
construct may yield increased expression because of a lesser degree of in-cell assembly
that a multiple subunit construct requires.

[00220] Further to successfully expressing NKG2D constructs on NK cells,
effective signaling of the NK cells is required to act on target cells. To evaluate the
potency of the two populations of transduced NK cells, cytotoxicity assays were
performed using to cell lines that are sensitive to NK cell activity, REH (suspension cells)
and U-2 OS (adherent cells). Data summarizing the percentage cytotoxicity of the
different groups of NK cells against REH cells and across independent donors at two E: T
ratios are shown in Figures SA-5C (error bars represent standard deviation; all
experiments are done in triplicates; n =3 (P <0.001)). As depicted in Figures SA-5C, NK
cells expressing either NKG2D chimeric receptor (NKG2D-DAP10-CD3({ shown with an
arrow labeled (a) and NKG2D-41BB-CD3( shown with an arrow labeled (b)) had a
significantly higher cytotoxicity against REH for all three donors as compared to mock

NK cells (shown with an arrow labeled (c)). The mean percentage cytotoxicity of
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NKG2D-DAP10-CD3C-expressing NK cells was 91.8% + 5.8% (1:1 E:T ratio) and 83.9%
+ 5.6% (1:2 E:T ratio). Those NK cells transduced with NKG2D-41BB-CD3( showed
similar potencies - 87.4% + 6.1% at a 1:1 E:T ratio and 76.2% + 4.8% at a 1:2 E:T ratio.
Chimeric receptor-expressing NK cells also showed elevated cytotoxicity against U-2 OS
when compared to mock-transduced NK cells (See Figures 6A-6C, Figure 6A depicts
NKG2D-DAP10-CD3{ shown with an arrow labeled (a), Figure 6B depicts
NKG2D-41BB-CD3( shown with an arrow labeled (b) and Figure 6C depicts mock NK
cells shown with an arrow labeled (¢)).

[00221] These data provide evidence that NK cells can not only be
engineered to express chimeric receptor constructs, but those cells that express the
chimeric receptors are able to be activated and successfully generate enhanced cytotoxic
effects against target cells. Importantly, these data also show that there is only a slight
decrease in the potency of the cells when in the presence of a greater number of target
cells (doubled in this experiment). This suggests that the desired cytotoxic effects of the
engineered NK cells can still be realized, even when the NK cells are present in smaller
numbers vis-a-vis target cells, as would likely be the case in clinical use. Moreover, these
data indicate that, according to some embodiments, a lesser density or degree of chimeric
receptor expression on a given NK cell does not necessarily result in coordinately
reduced cytotoxic effects, and can be associated with an unexpected efficacy of the NK
cells in view of their lesser construct expression. Additionally, these data embody the
unexpectedly enhanced cytotoxicity that is achieved according to several embodiments.
While non-engineered NK cells are cytotoxic, and express a significant amount of
NKG2D upon activation, it is unexpected that the engineered cells disclosed herein can
push the cytotoxic effects significantly beyond what can be considered an already
elevated ceiling (e.g., native NK cell cytotoxicity).

[00222] Further to the cytotoxicity data, the mechanism by which the NK
cells are exerting these effects was examined, by evaluating the production if interferon-
gamma (IFNy) by the NK cells expressing the various NKG2D constructs. IFNy is a key
cytokine produced and released by NK cells (typically during an innate immune
response) that recruits macrophages and has immunostimulatory effects. Figure 7A
shows the relative amount of IFNy production (measured by MFI) in Mock (left panel),
NKG2D-DAP10-CD3C-expressing NK cells (center panel), and NKG2D-41BB-CD3(-
expressing NK cells (right panel) with or without stimulation by REH cells. NK cells
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were stained by APC-conjugated anti-IFNy antibody for intracellular IFNy. Data was
analyzed by paired t test. These data show that each of the three groups of NK cells were
observed to have a similar level of IFNy production without stimulation, with an increase
observed after stimulation by REH cells. As provided for in several embodiments,
engineered NK cells expressing NKG2D constructs can lead to robust cytokine
production. The presence of a target cell (here, REH cells) to which the engineered NK
cells responds sets into motion the biochemical cascade which leads to IFNy production
and ultimately cytotoxic effects. As shown in Figure 7A, the NKG2D-41BB-CD3(-
expressing NK cells show a robust production of IFNy in the presence of stimulatory
REH cells. Interestingly, the NKG2D-DAP10-CD3(-expressing NK cells failed to show
a similar degree of response. This is further demonstrated in Figure 7B, where levels of
IFNy between different groups of NK cells after stimulation with REH cells (median
values were represented; data was analyzed by unpaired t test) are evaluated. All IFNy
experiments were conducted in triplicates, with three independent donors, n = 9. Figure
7B shows that IFNy production by NKG2D-DAP10-CD3C-expressing NK cells was not
significantly different from mock-transduced NK cells. In contrast, the NKG2D-41BB-
CD3(-expressing NK cells show a significant increase in IFNy production as compared to
mock-transduced NK cells. These data are interesting because they demonstrate that, as
discussed herein, signaling by a chimeric receptor in response to ligand binding is an
essential step in generating cytotoxic effects against a target cell of interest. However,
there is not a singular pathway through which the various constructs signal, as NK cells
transduced with two different chimeric receptors both exhibit relatively similar
cytotoxicity, but without mirroring levels of IFNy production. Thus, according to some
embodiments, constructs are provided that achieve cytotoxic effects through an elevated
production of IFNy, or other immunostimulatory cytokine, as compared to normal NK
cells. However, in several embodiments, increased production of IFNy is not necessarily
achieved or detected, rather another immunostimulatory pathway can be exploited by a

given chimeric construct to achieve elevated cytotoxic effects.

Example 2 — CD16 and CD16-4-1BB Containing NKG2D Constructs
[00223] Additional constructs were generated to evaluate expression,
cytotoxicity and cytokine production. As provided for herein, several embodiments relate

to constructs comprising a truncated NKG2D (in some embodiments codon optimized),
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that employ a CD16 transmembrane and/or signaling domain. The constructs generated
for evaluation in this experiment are schematically shown in Figures 2A-2B, which show
the structure of A) NKG2D-CD16 and B) NKG2D-CD16-41BB chimeric receptors. Both
chimeric receptors rely on the transmembrane region of CD16 to associate with either
CD3( or FcRy. The plasmids used to generate these constructs are shown in Figure 3B.
As discussed above, in several embodiments, the constructs employed rely on
endogenous expression of CD3( or FcRy, however, in several embodiments the plasmid
encoding the chimeric receptor (or a separate plasmid) is configured to elevate expression
of CD3( and/or FcRy by the NK cell, thereby enhancing the potency of the cells.

[00224] As above, expression levels of the constructs were evaluated.
Figure 8A depicts representative flow cytometry data for mock (left panel), NKG2D-
DAP10-CD3C-expressing NK cells (center panel), and NKG2D-CD16-expressing NK
cells (Experiments were conducted using cells from three independent donors represented
by different symbols. Data was analyzed by paired t test). Figure 8B shows summary
data relating to the percentage of cells that that express NKG2D (and hence the
constructs). As expected, mock-transfected NK cells show low levels of NKG2D
expression with the antibody used. In contrast, both of the engineered constructs
exhibited significantly enhanced expression, with NKG2D-CD16-transduced NK cells
expressing 35.8% + 6.9% greater expression as compared to mock-transduced NK cells.
Additionally, as evaluated by MFI (Figure 8C), NKG2D-CD16-transduced NK cells also
exhibited increased expression of the construct. These data are important to demonstrate
that the constructs can effectively be introduced into NK cells and are expressed.

[00225] Having established expression of the constructs, their ability to
exhibit cytotoxic effects was evaluated. As discussed above, NK cells from three donors
were tested for cytotoxic effects against REH cells and U-2 OS cells, each at three E:T
ratios (all experiments were done in triplicate, n=3). Interestingly, the enhanced
expression of the NKG2D-CD16 construct as compared to mock NK cells did not result
in increased cytotoxicity (see Figure 9A-9C, error bars represent standard deviations). As
with the prior example, NKG2D-DAP10-CD3{-expressing NK cells (shown with an
arrow labeled (a)) did exhibit an increased cytotoxicity. With respect to cytotoxicity
against U-2 OS cells, the NKG2D-CD16 (shown with an arrow labeled (b)) did exhibit
an increased cytotoxicity as compared to mock NK cells (shown with an arrow labeled

(c)) (see Figures 10A-10C). These data indicate that the degree of cytotoxic impact on a
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particular given target cell type may vary with the NK construct used. In some
embodiments, a particular construct may not be as effective, however, in several
embodiments, combinations of populations of NK cells can be used and exhibit
synergistic effects. In other words, a population of NK cells, with a portion expressing
NKG2D-CD16 and a portion expressing NKG2D-DAP10-CD3( (or other combination of
any of the constructs disclosed herein), may exhibit unexpectedly enhanced cytotoxicity
as compared to either sub-population alone.

[00226] Interferon-y production was measured next, in order to confirm the
mechanism of action of the transfected NK cells. The NK cells expressing the various
constructs were either stimulated by REH cells, or not, and the production of IFNy was
measured. These data are shown in Figure 11 (data was analyzed by paired t test). All
groups of NK cells had similar level of IFNy without stimulation, and an increase after
incubation with REH cells. The NKG2D-CDI16-expressing NK cells exhibited an
increase in IFNy production of 634 + 211 MFI, which was greater than the increase
exhibited by the mock-transduced NK cells (423 = 70 MFI). However, the increase was
lower than that observed for NKG2D-DAP10-CD3(-expressing NK cells, which
increased 2041 + 411 MFI. In line with data, according to several embodiments the
production of IFNy is correlated with the cytotoxic effects that NK cells expressing
certain constructs exhibit.

[00227] In accordance with several embodiments disclosed herein, multiple
signaling regions may be used. Additional experiments were conducts to evaluate the
expression of a NKG2D-CD16-41BB in expanded NK cells (experiments were conducted
using cells from one donor). The expression data is shown in Figures 12A-12B. Figure
12A shows raw flow cytometry data that demonstrate that the addition of the 4-1BB
signaling region does not significantly impair the expression of the construct by NK cells,
as compared to the NKG2D-CD16 construct. This is also reflected in the summary
histogram of Figure 12B that shows the relative amount of NKG2D receptors on the
surface of each of the NK cell groups tested. The NKG2D-CD16-41BB shows slightly
reduced MFI as compared to NKG2D-CD16, but both constructs show elevated
expression versus mock.

[00228] Cytotoxic effects were evaluated as described above, using both
REH and U-2 OS cells as targets. Figures 13A-13B depict the resultant data (error bars

represent standard deviations; all experiments were conducted in triplicates, n = 3).
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Figure 13A shows the cytotoxic effects of the constructs against REH cells. Similar to
the experiment above, the NKG2D-CD16-expressing cells shown with an arrow labeled
(b)) did not show significantly elevated cytotoxic effects as compared to mock NK cells
shown with an arrow labeled (a). In contrast, NK cells expressing NKG2D-CD16-41BB
(shown with an arrow labeled (c)) showed enhanced cytotoxicity against REH cells.
With respect to efficacy against U-2 OS cells, both the NKG2D-CD16 and NKG2D-
CD16-41BB expressing cells showed enhanced cytotoxicity, with the NKG2D-CD16-
41BB expressing cells exhibiting a more robust cytotoxic eftect. This demonstrates that,
in accordance with several embodiments, use of a combination of signaling domains can
result in unexpected enhancements in the efficacy of a transduced NK cell. Thus, as
described above, several embodiments employ two or more transmembrane/signaling
domains that work synergistically together to yield enhanced cytotoxicity against target

cells.

Example 3 — Additional NKG2D Constructs

[00229] Additional constructs with varying extracellular domains,
transmembrane domains, and intracellular effector domains were generated to evaluate
their expression and cytotoxicity. The 12 constructs generated for evaluation in this
experiment are schematically shown in Figure 14. Some of these variant chimeric
receptors rely on a CD16 transmembrane region to associate with either CD3( or FcRy.
As discussed above, in several embodiments, the constructs employed rely on
endogenous expression of CD3( or FcRy, however, in several embodiments the plasmid
encoding the chimeric receptor (or a separate plasmid) is configured to elevate expression
of CD3({ and/or FcRy by the NK cell, thereby enhancing the potency of the cells. As
above, expression levels of the constructs were evaluated. Mock-transfected NK cells
show low levels of NKG2D expression as evaluated by MFI (Figure 16A). In contrast,
NK cells transduced with the variant NKG2D constructs described above showed varying
levels of NKG2D expression, with engineered variant constructs 4 and 9 exhibiting
significantly enhanced expression in NK cells. Figure 16B depicts representative flow
cytometry data for variant NKG2D constructs 1, 4, 8, 9 after transduction into the NK
cells of two donors. Relative to mock-transduced NK cells, Variant 8- and 9-transduced
NK cells showed particularly strong expression of the chimeric receptor. Variant

construct expression persisted in the NK cells of two donors 7 days following
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transduction, with Variants 8 and 9 showing particularly elevated levels as evaluated by
MFI (Figure 16C). These data are important to demonstrate that the constructs can
effectively be introduced into NK cells and are expressed. Having established expression
of the constructs, their ability to deliver cytotoxic effects in transduced NK cells was also
evaluated. The cytotoxicity of the NKG2D variant constructs 4, 8, and 9 were evaluated
14 days post-transduction into NK cells at a 1:1 E:T ratio (Figure 17).

[00230] Further variant constructs were generated and are schematically
shown in Figure 15, which show the structure of chimeric receptors comprising various
extracellular domains, transmembrane domains, and intracellular effector domains. Some
of these variant chimeric receptors rely on an effector domain comprising CD3zeta and/or
another signaling domain to transduce signaling upon ligand binding, while other variant
chimeric receptors comprise a CD3zeta transmembrane domain that recruits full-length
CD3zeta molecule to the synapse via dimerization. As above, expression levels of the
constructs were evaluated. As evaluated by MFI (Figures 18A-B), NK cells transduced
with engineered constructs exhibited increased expression of the chimeric receptor
relative to mock transduced cells. Cytotoxic effects were evaluated as described above
using an effector: target ratio of 1:1. As depicted in Figures 19A-B, NK cells transduced
with engineered constructs (particularly variant 18) have enhanced cytotoxicity relative to
the mock control.

[00231] As variant 18 exhibited robust expression in NK cells that was
accompanied by enhanced cytotoxic effects, a series of variant NKG2D constructs
comprising a CD3zeta transmembrane domain were generated. These variants are termed
“NK39” and are schematically shown in Figure 15. Fourteen days following transfection
into donor NK cells (with 4 days of culturing in low IL-2 conditions), the cytotoxicity of
the transduced NK cells were evaluated. Figure 21 shows the cytotoxic effects of the
constructs against cultured REH cells at 1:1 and 1:2 E:T ratios. All the of the NK cells
expressing engineered NK39 constructs showed significantly elevated cytotoxic effects as
compared to control NK cells at a 1:1 E:T ratio. When evaluated at a 1:2 E:T ratio,
chimeric constructs 16-7, 39-1, 39-2, 39-3, and 39-5 each enhanced the cytotoxic effects
of their respective transduced NK cells relative to the mock control. As exogenous
expression of activating receptors can lead to NK cell anergy and cell death, the

engineered constructs were transduced into two donor NK cells and survival was
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evaluated after 21 days. As depicted in Figures 23A-B, NK39-5 and NK39-10 transduced
cells show better survival than NK16 in two tested donors.
Example 4 — Evaluation of NK45 NKG2D Constructs

[00232] Additional constructs with varying extracellular domains, hinges,
transmembrane domains, and intracellular effector domains according to embodiments
disclosed herein are schematically shown in Figure 22. The expression, cytotoxicity,
persistence, and cytokine production mediated by these 7 constructs were evaluated in
this Example relative to three of the NK39 constructs described in Example 3 (NK39-5,
NK39-6, NK39-10) as well as a version of NK16 that bicistronically expresses
membrane-bound interleukin 15 (NK26-8). In accordance with several embodiments
disclosed herein, multiple signaling regions may be used. Some of these variant chimeric
receptors rely on an effector domain comprising CD3zeta and/or another signaling
domain (e.g., 0X40, CD28, and/or 4-1BB costimulatory domains) to transduce signaling
upon ligand binding, while other variant chimeric receptors comprise a CD3zeta
transmembrane domain that recruits full-length CD3zeta molecule to the synapse via
dimerization. As disclosed herein, these constructs are further configured to co-express
membrane-bound IL15.

[00233] As above, the ability of NK cells to effectively express these
constructs was first assessed. NK cells expanded from the PBMC of four donors were
transduced with the variant constructs (or an empty MSCV control vector containing GFP
only) and NKG2D expression was evaluated by MFT after 3 days. As depicted in FIG. 24,
mock-transfected NK cells show relatively low levels of NKG2D expression. In contrast,
the engineered variant constructs exhibited significantly enhanced expression, with
NK45-4 (NKG2D-0X40-CD3() showing surprisingly robust expression in all donors.
0X40 is expressed in activated NK cells, but its role has not been well-established. A
variant chimeric receptor with an effector domain containing a CD28 costimulatory
domain (NK45-2; NKG2D-CD28-CD3() also demonstrated robust expression 3 days
post-transduction.

[00234] Having established expression of the variant constructs, their
ability to exert cytotoxic effects was evaluated as above using REH and HL60 cells as
targets. The potency of NK cells from four donors were examined against REH cells
(FIG. 25A) and HL60 cells (FIG. 25B) at 1:1 E:T ratios 14 days post-transduction. As

depicted in FIGs. 25A-B, the engineered constructs exerted an enhanced cytotoxicity
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against both REH and HL60 cells in all four donors as compared to mock NK cells. In
addition to its pronounced expression profile, cells expressing NK45-4 (NKG2D-0X40-
CD3() also exhibited surprisingly elevated cytotoxicity relative to the mock control and
the other constructs tested. NK cells expressing NK45-1 and NK45-2 also demonstrated
pronounced cytotoxicity in these assays. These data demonstrate that, in accordance with
several embodiments, use of a combination of signaling domains (particularly an OX40
costimulatory domain) can result in unexpected enhancements in the efficacy of a
transduced NK cell. FIGs. 28 A-B depict the cytotoxic activity against U20S cells of the
NK cells transduced with several of the variant constructs at various E:T ratios (1:2 and
1:4) and assessed over a more extended period of time. Surprisingly, NK cells transduced
with the 45-4 construct appear to maintain cytotoxic activity through the time course.
Advantageously, these experiments indicate that, according to several embodiments
disclosed herein, the NKG2D variant constructs provide unexpectedly enhanced
cytotoxicity over an extended period of time, which, depending on the embodiment, can
range from 2-3 days, 3-5 days, 5-7, days, 7-8 days, 8-10 days, 10-14 days, 14-21 days, or
21-50 days (and any range in between those listed, including endpoints). In several
embodiments, even longer durations of cytotoxic effects are achieved.

[00235] Further to the cytotoxicity data, the mechanism by which the NK
cells are exerting these effects was examined by evaluating their production of IFNy,
TNFa, and GM-CSF following stimulation with REH cells. As depicted in FIGs. 26A-C,
expression of each of the variant constructs yielded enhanced cytokine secretion relative
to the production of IFNy, TNFa, and GM-CSF exhibited by the GFP-expressing control
NK cells. The chimeric receptor NK45-1 consistently mediated high cytokine production,
which is surprising because this construct expresses at substantially lower levels than
NK26-8 (from which it differs only with regards to the hinge region). Thus, these data
demonstrate the unexpected importance of the hinge regions disclosed herein to
mediating robust cytokine production in response to stimulation. Additionally, NKG2D-
0X40-CD3-expressing NK cells also showed an elevated production of IFNy, TNFaq,
and GM-CSF.

[00236] As exogenous expression of activating receptors can lead to NK
cell anergy and cell death, the engineered constructs were transduced into two donor NK
cells and the total cell count was evaluated 7, 14, and 21 days post-transduction.

Surprisingly, the unexpectedly robust expression of NK45-4 does not come at the cost of
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reduced NK cell persistence in culture, as the total cell count remained at levels
comparable to the GFP-expressing control cells (FIGs. 27A and 27B). Likewise, other
NK cells expressing variant constructs at high levels continued to proliferate in the 2
donors for at least 3 weeks post-transduction. Collectively, these data demonstrate that, in
accordance with several embodiments disclosed herein, engineered constructs can
successfully be expressed at high levels in NK cells and mediate cytotoxic effects, and
further, that this enhanced expression does not come at the detriment of reduced NK cell
proliferation and/or survival.

[00237] It is contemplated that various combinations or subcombinations of
the specific features and aspects of the embodiments disclosed above may be made and
still fall within one or more of the inventions. Further, the disclosure herein of any
particular feature, aspect, method, property, characteristic, quality, attribute, element, or
the like in connection with an embodiment can be used in all other embodiments set forth
herein. Accordingly, it should be understood that various features and aspects of the
disclosed embodiments can be combined with or substituted for one another in order to
form varying modes of the disclosed inventions. Thus, it is intended that the scope of the
present inventions herein disclosed should not be limited by the particular disclosed
embodiments described above. Moreover, while the invention is susceptible to various
modifications, and alternative forms, specific examples thereof have been shown in the
drawings and are herein described in detail. It should be understood, however, that the
invention is not to be limited to the particular forms or methods disclosed, but to the
contrary, the invention is to cover all modifications, equivalents, and alternatives falling
within the spirit and scope of the various embodiments described and the appended
claims. Any methods disclosed herein need not be performed in the order recited. The
methods disclosed herein include certain actions taken by a practitioner, however, they
can also include any third-party instruction of those actions, either expressly or by
implication. For example, actions such as “administering a population of expanded NK
cells” include “instructing the administration of a population of expanded NK cells.” In
addition, where features or aspects of the disclosure are described in terms of Markush
groups, those skilled in the art will recognize that the disclosure is also thereby described
in terms of any individual member or subgroup of members of the Markush group.

[00238] The ranges disclosed herein also encompass any and all overlap,

29 LC 2

sub-ranges, and combinations thereof. Language such as “up to,” “at least,” “greater
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than,” “less than,” “between,” and the like includes the number recited. Numbers
preceded by a term such as “about” or “approximately” include the recited numbers. For
example, “about 90%” includes “90%.” In some embodiments, at least 95% homologous
includes 96%, 97%, 98%, 99%, and 100% homologous to the reference sequence. In
addition, when a sequence is disclosed as “comprising” a nucleotide or amino acid
sequence, such a reference shall also include, unless otherwise indicated, that the

2

sequence “comprises”, “consists of” or “consists essentially of” the recited sequence.
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WHAT IS CLAIMED IS:

1. A polynucleotide encoding a chimeric receptor comprising:
(a) an extracellular receptor domain,
wherein said extracellular receptor domain comprises a peptide that
binds native ligands of Natural Killer Group 2 member D (NKG2D),
wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D,
wherein the fragment of NKG2D is encoded by a polynucleotide
comprising SEQ ID NO. 2; and
(b) an effector domain comprising a transmembrane region and an
intracellular signaling domain,
wherein the intracellular signaling domain comprises CD3zeta, and
wherein the CD3zeta is encoded by a polynucleotide comprising

SEQ ID NO. 13.

2. The polynucleotide of Claim 1, wherein the transmembrane region of the

effector domain comprises a CD8a transmembrane domain.

3. The polynucleotide of Claim 1, wherein the transmembrane region of the

effector domain further comprises a CD8a hinge region.

4. The polynucleotide of Claim 3, wherein the CD8a hinge region is encoded by
a polynucleotide comprising SEQ ID NO: 5.

5. The polynucleotide of Claim 1, wherein the intracellular signaling domain

further comprises 4-1BB.

6. The polynucleotide of Claim 5, wherein the 4-1BB is encoded by a
polynucleotide comprising SEQ ID NO. 12.

7. The polynucleotide of Claim 1, wherein the chimeric receptor comprises the

fragment of NKG2D coupled to CD8a, 4-1BB and CD3z.
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8. The polynucleotide of Claim 7, wherein the chimeric receptor is encoded by

the nucleic acid sequence of SEQ ID NO. 18.

9. The polynucleotide of Claim 7, wherein the chimeric receptor is encoded by

the nucleic acid sequence of SEQ ID NO. 108.

10. The polynucleotide of Claim 7, wherein the chimeric receptor comprises the

amino acid sequence of SEQ ID NO. 19.

11. A method for treating cancer, comprising administering to a subject having a
cancer a composition comprising a Natural Killer (NK) cell expressing the chimeric

receptor encoded by the polynucleotide of any one of Claims 1 to 10.

12. The method of claim 11, wherein said NK cells are autologous cells

isolated from a patient having a cancer or an infectious disease.

13. The method of claim 11, wherein said NK cells are allogenic cells isolated

from a donor.

14.  Use of a polynucleotide according to any one of Claims 1-10 in the
manufacture of a medicament for enhancing NK cell cytotoxicity in a mammal in need

thereof.

15. Use of a polynucleotide according to any one of Claims 1-10 in the
manufacture of a medicament for treating or preventing cancer or an infectious disease in

a mammal in need thereof.

16. A polynucleotide encoding a chimeric receptor expressed by a cell,
comprising:
(a) an extracellular receptor domain,
wherein said extracellular receptor domain comprises a peptide that

binds native ligands of Natural Killer Group 2 member D (NKG2D),
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wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D,

wherein the fragment of NKG2D is encoded by a polynucleotide
comprising SEQ ID NO. 2, and
(b) an effector domain comprising a transmembrane region and an
intracellular signaling domain,

wherein the intracellular signaling domain comprises CD3zeta, ané

wherein the CD3zeta is encoded by a polynucleotide comprising
SEQ ID NO. 13 and

wherein the cell further comprises a membrane-bound interleukin

15 (mbIL15).

17. The polynucleotide of Claim 16, wherein the transmembrane region of the

effector domain comprises a CD8a transmembrane domain.

18. The polynucleotide of Claim 16, wherein the transmembrane region of the

effector domain further comprises a CD8a hinge region.

19. The polynucleotide of Claim 18, wherein the CD8a hinge region is encoded by
a polynucleotide comprising SEQ ID NO: 5.

20. The polynucleotide of Claim 16, wherein the mbIL15 is encoded by a
polynucleotide comprising SEQ ID NO. 16.

21. The polynucleotide of Claim 20, wherein the mbIL15 is bicistronically

expressed on the same polynucleotide as the chimeric receptor.

22. The polynucleotide of Claim 20, wherein mbIL15 comprises an amino acid

sequence of SEQ ID NO: 17

23. The polynucleotide of Claim 20, wherein the effector domain further

comprises an OX-40 domain.
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24. The polynucleotide of Claim 23, wherein the chimeric receptor comprises the
fragment of NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, the OX-
40 domain, the CD3zeta.

25. The polynucleotide of Claim 24, wherein the chimeric receptor is encoded by
the nucleic acid sequence of SEQ ID NO: 90 coupled to the mbIL15 encoded by SEQ ID
NO. 16.

26. The polynucleotide of Claim 25, wherein the chimeric receptor comprises the
amino acid sequence of SEQ ID NO: 91 coupled to the mbIL15 comprising the amino
acid sequence of SEQ ID NO. 17.

27. The polynucleotide of Claim 23, wherein the chimeric receptor comprises the
fragment of NKG2D coupled to a IgG4 hinge, a CD8a transmembrane domain, the OX-
40 domain, the CD3zeta.

28. The polynucleotide of Claim 27, wherein the chimeric receptor is encoded by
the nucleic acid sequence of SEQ ID NO: 100 coupled to the mbIL15 encoded by SEQ ID
NO. 16.

29. The polynucleotide of Claim 28, wherein the chimeric receptor comprises the
amino acid sequence of SEQ ID NO: 101 coupled to the mbIL15 comprising the amino
acid sequence of SEQ ID NO. 17.

30. A method for treating cancer, comprising administering to a subject having a
cancer a composition comprising a Natural Killer (NK) cell expressing the chimeric

receptor encoded by the polynucleotide of any one of Claims 15 to 29.

31 The method of claim 30, wherein said NK cells are autologous cells

isolated from a patient having a cancer.

32. The method of claim 30, wherein said NK cells are allogenic cells isolated

from a donor.
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33.  Use of a polynucleotide according to any one of Claims 15 to 29 in the
manufacture of a medicament for enhancing NK cell cytotoxicity in a mammal in need

thereof.

34.  Use of a polynucleotide according to any one of Claims 15 to 29 in the
manufacture of a medicament for treating or preventing cancer or an infectious disease in

a mammal in need thereof.

35. A polynucleotide encoding a chimeric receptor comprising:
(a) an extracellular receptor domain,
wherein said extracellular receptor domain comprises a peptide that
binds native ligands of Natural Killer Group 2 member D (NKG2D),
wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D,
wherein the fragment of NKG2D is encoded by a polynucleotide
comprising: (i) a fragment of SEQ ID NO: 1, (ii) SEQ ID NO. 2, or (iii)
SEQ ID NO. 3; and
(b) an effector domain comprising a transmembrane region and an

intracellular signaling domain.

36.  The polynucleotide of claim 35, wherein the effector domain comprises

CD16.

37. The polynucleotide of claim 35, wherein the effector domain comprises

Natural Cytotoxicity Triggering Receptor 1 (NCR1).

38. The polynucleotide of claim 35, wherein the effector domain comprises
Natural Cytotoxicity Triggering Receptor 2 (NCR2) or Natural Cytotoxicity Triggering
Receptor 3 (NCR3).

39.  The polynucleotide according to any one of Claims 35-38, wherein the

effector domain further comprises 4-1BB.

40.  The polynucleotide of claim 36, wherein the chimeric receptor comprises

the fragment of NKG2D coupled to CD16.
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41.  The polynucleotide of claim 40, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 23.

42.  The polynucleotide of claim 40, wherein the chimeric receptor comprises

the amino acid sequence of SEQ ID NO: 24.

43.  The polynucleotide of claim 40, wherein the chimeric receptor comprises

the fragment of NKG2D coupled to NCR1.

44, The polynucleotide of claim 43, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 27.

45.  The polynucleotide of claim 43, wherein the chimeric receptor comprises

the amino acid sequence of SEQ ID NO: 28.

46.  The polynucleotide of claim 38, wherein the chimeric receptor comprises

at least a portion of the amino acid sequence of SEQ ID NO: 21.

47.  The polynucleotide of claim 36, wherein the chimeric receptor comprises

the fragment of NKG2D coupled to NCR3.

48.  The polynucleotide of claim 47, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO. 29.

49.  The polynucleotide of claim 47, wherein the chimeric receptor comprises

the amino acid sequence of SEQ ID NO. 30.

50.  The polynucleotide of claim 39, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD16 transmembrane/intracellular domain and 4-
1BB.

51.  The polynucleotide of claim 39, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD8a hinge, a CD16 transmembrane/intracellular
domain and 4-1BB.
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52.  The polynucleotide of claim 51, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 25.

53.  The polynucleotide of claim 51, wherein the chimeric receptor comprises

the amino acid sequence of SEQ ID NO: 26.

54.  The polynucleotide of claim 39, wherein the chimeric receptor comprises

the fragment of NKG2D coupled to NCR1 and 4-1BB.

55.  The polynucleotide of claim 54, wherein the chimeric receptor comprises

the NCR1 amino acid sequence of SEQ ID NO: 20.

56.  The polynucleotide of claim 39, wherein the chimeric receptor comprises

the fragment of NKG2D coupled to CD8a, 4-1BB and CD3z.

57.  The polynucleotide of claim 56, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO. 18.

58.  The polynucleotide of claim 56, wherein the chimeric receptor comprises

the amino acid sequence of SEQ ID NO. 19.

59.  The polynucleotide of claim 39, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to NCR3 and 4-1BB, and wherein the NCR3 comprises
the amino acid sequence of SEQ ID NO: 22.

60.  The polynucleotide of claim 39, wherein the chimeric receptor comprises
one or more of the NCR1 transmembrane/intracellular domain of SEQ ID NO: 20 or the
NCR3 transmembrane/intracellular domain of SEQ ID NO: 22.

61.  The polynucleotide of claim 39, wherein the effector domain comprises a

GS linker between 4-1BB and one of CD16, NCR1, NCR3, 2B4 or NKp80.

62.  The polynucleotide of any one of claims 35-61, wherein the chimeric

receptor domain comprises a hinge region.
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63. The polynucleotide of claim 62, wherein the hinge region is encoded by

the nucleic acid sequence of SEQ ID NO: 5.

64. The polynucleotide of claim 62, wherein the hinge region is encoded by a

fragment of the nucleic acid sequence of SEQ ID NO: 5.

65. The polynucleotide of claim 62, wherein the hinge region is comprises a

glycine-serine repeating motif having the amino acid sequence of SEQ ID NO: 31.

60. The polynucleotide of claim 62, wherein the hinge region comprises the

amino acid sequence of SEQ ID NO: 32.

67. The polynucleotide of claim 62, wherein the hinge region comprises the

amino acid sequence of SEQ ID NO: 33.

68. The polynucleotide of claim 62, wherein the hinge region is encoded by

the nucleic acid sequence of SEQ ID NO: 34.

69. The polynucleotide of claim 62, wherein the hinge region comprises a

portion of the beta-adrenergic receptor.

70. The polynucleotide of claim 69, wherein the hinge region is encoded by

the nucleic acid sequence of SEQ ID NO: 40.

71. The polynucleotide of claim 69, wherein the hinge region is encoded by

the nucleic acid sequence of SEQ ID NO: 42.

72.  The polynucleotide of any one claims 35-71, wherein the extracellular
receptor domain further comprises a CD8a signal peptide, wherein the signal peptide

comprises the nucleic acid sequence of SEQ ID NO. 4.

73.  The polynucleotide of any one of claims 35-72, wherein the effector

domain comprises one or more hemi-ITAM sequences.

74. The polynucleotide of claim 72, wherein the hemi-ITAM comprises the
amino acid sequence of SEQ ID NO. 14.
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75. The polynucleotide of claim 72, wherein the hemi-ITAM comprises the
amino acid sequence of SEQ ID NO. 37.

76.  The polynucleotide of any one of claims 35-75, wherein the effector

domain comprises one or more ITSM sequences.

77.  The polynucleotide of claim 76, wherein the ITSM comprises the amino

acid sequence of SEQ ID NO. 15.

78.  The polynucleotide of claim 76, wherein the ITSM comprises the amino

acid sequence of SEQ ID NO. 35

79.  The polynucleotide of Claim 76, wherein the effector domain comprises a
2B4 domain.
80.  The polynucleotide of claim 35, wherein the chimeric receptor comprises

the fragment of NKG2D coupled to a GS3 linker, a CD8a hinge, a CDI16

transmembrane/intracellular domain and 4-1BB.

81.  The polynucleotide of claim 80, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 43.

82.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a GS3 linker, a CD16 transmembrane/intracellular
domain and 4-1BB.

83.  The polynucleotide of claim 82, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 44.

84.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD16 transmembrane/intracellular domain and 4-
1BB.

85.  The polynucleotide of claim 84, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 45.
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86.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-
1BB, and 2B4.

87.  The polynucleotide of claim 86, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 46.

88.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a beta-adrenergic extracellular domain, a beta-

adrenergic transmembrane domain, 4-1BB, and 2B4.

89.  The polynucleotide of claim 88, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 47

90.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-
1BB, 2B4, a GS3 linker, and NKp80.

91.  The polynucleotide of claim 90, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 48.

92.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD8a hinge, a CD8a transmembrane domain, 4-
1BB, a GS3 linker, and NKp80.

93.  The polynucleotide of claim 92, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 49.

94.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D that is codon optimized coupled to a GS3 linker, an additional
NKG2D fragment, a beta-adrenergic extracellular domain, a beta-adrenergic

transmembrane domain, 4-1BB, an additional GS3 linker, and NKp80.

95.  The polynucleotide of claim 94, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 50.
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96.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D that is codon optimized coupled to a GS3 linker, an additional
NKG2D fragment, a CD8a hinge, a CD8a transmembrane domain, 4-1BB, an additional
GS3 linker, and NKp80.

97.  The polynucleotide of claim 96, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 51.

98.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D that is codon optimized coupled to a GS3 linker, an additional
NKG2D fragment, a cd8a hinge, a CD16 transmembrane/intracellular domain, and 4-

I1BB.

99.  The polynucleotide of claim 98, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 52.

100.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD8a hinge, a CD16 transmembrane/intracellular
domain, 4-1BB, and 2B4.

101.  The polynucleotide of claim 100, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 53.

102.  The polynucleotide of claim 35, wherein the chimeric receptor comprises
the fragment of NKG2D coupled to a CD8a hinge, a CD16 transmembrane/intracellular
domain, 4-1BB, a GS3 linker, and NKp80.

103.  The polynucleotide of claim 102, wherein the chimeric receptor is encoded

by the nucleic acid sequence of SEQ ID NO: 54.

104.  The polynucleotide of any one of claims 35-103, wherein the chimeric

receptor does not comprise DNAX-activating protein 10 (DAP10).
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105.  The polynucleotide of any one of claims 35-55 and 60-104, wherein the

chimeric receptor does not comprise an ITAM motif.

106. A polynucleotide encoding a chimeric receptor comprising:

(a) an extracellular receptor domain, wherein said extracellular receptor
domain comprises a peptide that binds native ligands of Natural Killer Group 2
member D (NKG2D), wherein the peptide that binds native ligands of NKG2D is
a fragment of NKG2D,

(b) a transmembrane region, wherein said transmembrane region
comprises CD8a, and

(c) an effector domain, wherein said effector domain comprises 4-1BB and
CD3 zeta,

wherein the polynucleotide is co-expressed with an additional construct

encoding membrane-bound interleukin 15 (mbIL15).

107. A polynucleotide encoding a chimeric receptor comprising:

(a) an extracellular receptor domain, wherein said extracellular receptor
domain comprises a peptide that binds native ligands of Natural Killer
Group 2 member D (NKG2D), wherein the peptide that binds native
ligands of NKG2D is a fragment of NKG2D,

(b) a transmembrane region, wherein said transmembrane region
comprises CD8a, and

(c) an effector domain, wherein said effector domain comprises 4-1BB and

the intracellular domain of 2B4 or DAP10.

108. The polynucleotide of any of claims 106 or 107, wherein the
polynucleotide is co-expressed with an additional construct encoding membrane-bound

interleukin 15 (mbIL15).

109. A polynucleotide encoding a chimeric receptor comprising:
(a) an extracellular receptor domain, wherein said extracellular receptor
domain comprises a peptide that binds native ligands of Natural Killer
Group 2 member D (NKG2D), wherein the peptide that binds native
ligands of NKG2D is a fragment of NKG2D, wherein the fragment of
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NKG2D is encoded by a polynucleotide comprising: (i) a fragment of the
sequence of SEQ ID NO: 1, (ii) the sequence of SEQ ID NO. 2, (iii) the
sequence of SEQ ID NO. 3, or (iv) the sequence of SEQ ID NO. 68,

(b) a transmembrane region, wherein said transmembrane region
comprises a CD3zeta transmembrane region, and

(c) an effector domain.

The polynucleotide of claim 109, wherein the polynucleotide is co-

expressed with membrane-bound interleukin 15 (mbIL15).

111.

112.

A polynucleotide encoding a chimeric receptor comprising:
(a) an extracellular receptor domain,
wherein said extracellular receptor domain comprises a peptide that
binds native ligands of Natural Killer Group 2 member D (NKG2D),
wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D,
wherein the fragment of NKG2D is encoded by a polynucleotide
comprising: (i) a fragment of the sequence of SEQ ID NO: 1, (ii) the
sequence of SEQ ID NO. 2, (ii1) the sequence of SEQ ID NO. 3, (iv) or the
sequence of SEQ ID NO. 68; and
(b) an effector domain comprising a transmembrane region and an

intracellular signaling domain.

The polynucleotide of any one of claims 35-111, wherein the

polynucleotide is operably linked to at least one regulatory element for the expression of

the chimeric receptor.

113.

A vector comprising the polynucleotide of any one of claims 35-112,

wherein the polynucleotide is operatively linked to at least one regulatory element for

expression of the chimeric receptor.

114.

115.

The vector of claim 113, wherein the vector is a retrovirus.

A genetically engineered natural killer cell comprising the polynucleotide

of any one Claims 35-112.
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116. The isolated genetically engineered natural killer cell of claim 115, which

is an autologous cell isolated from a patient.

117.  The isolated genetically engineered natural killer cell of claim 115, which

is an allogeneic cell isolated from a donor.

118. A method for enhancing NK cell cytotoxicity in a mammal in need
thereof, said method comprising administering to said mammal NK cells, wherein said
NK cells express a chimeric receptor encoded by a polynucleotide of any one of Claims

35-112.

119. The method of claim 118, wherein said NK cells are autologous cells

isolated from a patient.

120. The method of claim 118, wherein said NK cells are allogeneic cells

isolated from a donor.

121. A method for treating or preventing cancer or an infectious disease in a
mammal in need thereof, said method comprising administering to said mammal a
therapeutically effective amount of NK cells, wherein said NK cells express a chimeric

receptor encoded by a polynucleotide of any one of Claims 35-112.

122,  The method of claim 121, wherein said NK cells are autologous cells

isolated from a patient having a cancer or an infectious disease.

123.  The method of claim 121, wherein said NK cells are allogenic cells

isolated from a donor.

124.  Use of a polynucleotide according to any one of Claims 35-112 in the
manufacture of a medicament for enhancing NK cell cytotoxicity in a mammal in need

thereof.

125.  Use of a polynucleotide according to any one of Claims 35-112 in the
manufacture of a medicament for treating or preventing cancer or an infectious disease in

a mammal in need thereof.
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126.  Use of a vector according to Claim 114 or 115 in the manufacture of a

medicament for enhancing NK cell cytotoxicity in a mammal in need thereof.

127.  Use of a vector according to Claim 114 or 115 in the manufacture of a
medicament for treating or preventing cancer or an infectious disease in a mammal in

need thereof.

128.  Use of an isolated genetically engineered natural killer cell according to
any one of Claims 115-117 for enhancing NK cell cytotoxicity in a mammal in need

thereof.

129.  Use of an isolated genetically engineered natural killer cell according to
any one of Claims 116-117 for treating or preventing cancer or an infectious disease in a

mammal in need thereof.

130. A polynucleotide encoding a chimeric receptor comprising:
(a) an extracellular receptor domain,
wherein said extracellular receptor domain comprises a peptide that
binds native ligands of Natural Killer Group 2 member D (NKG2D),
wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D,
wherein the fragment of NKG2D is encoded by a polynucleotide
comprising: (1) a fragment of SEQ ID NO: 1, (i1) SEQ ID NO. 2, (ii1) SEQ
ID NO. 3; or (iv) SEQ ID NO. 68; and
(b) an effector domain comprising a transmembrane region and an

intracellular signaling domain.

131. A transgenic cell comprising:
a) an immune cell comprising a chimeric receptor, the chimeric receptor
comprising:
(1) an extracellular receptor domain comprising a peptide that binds
native ligands of Natural Killer Group 2 member D (NKG2D),
wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D; and
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(1) an effector domain comprising a transmembrane region and an
intracellular signaling domain, wherein the intracellular signaling
domain comprises CD3zeta,

b) a membrane-bound interleukin 15 (mbIL15).

132. A method for treating cancer, comprising administering to a subject having
a cancer a composition comprising a Natural Killer (NK) cell expressing:

a) an immune cell comprising a chimeric receptor, the chimeric receptor

comprising:
(1) an extracellular receptor domain comprising a peptide that binds
native ligands of Natural Killer Group 2 member D (NKG2D),
wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D; and
(1) an effector domain comprising a transmembrane region and an
intracellular signaling domain, wherein the intracellular signaling
domain comprises CD3zeta;

b) a membrane-bound interleukin 15 (mbIL15).
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INTERNATIONAL SEARCH REPORT International application No.
PCT/US18/24650

A. CLASSIFICATION OF SUBJECT MATTER

gj% - AB61K 35/17, 38/00; AO1N 63/00; CO7K 14/725, 14/705; C12N 5/0783 (2018.01)
AB1K 35/17, 38/00; CO7K 14/705, 14/7051, 14/7056; C12N 5/0087, 5/0646

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)

See Search History document

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
See Search History document

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
See Search History document

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
Y US 2016/0000828 A1 (ST. JUDE CHILDREN'S RESEARCH HOSPITAL, INC. et al.) January 7, | 106, 108/106, 131-132
2016; paragraphs [0010], {0013}, [0014], [0017], [0021], [0094], [0096]
Y US 2012/0282256 A1 (CAMPANA et al.) November 8, 2012; abstract; paragraphs [0029], 106, 108/106, 131-132
[0105], [0144]; claim 22
Y US 2012/0148552 A1 (JENSEN) June 14, 2012; paragraphs [0009], [0040} 106, 108/106
A US 2015/0218649 A1 (SAENGER et al.) August 6, 2015; Table 9 1-10, 11/1-10,

12/11/1-10, 13/11/1-10,
14/1-10, 15/1-10, 16-26,
30/16-26, 31/30/16-26,
32/30/16-26, 33/16-26,
34/16-26, 35, 39/35,
56/39/35, 57/56/39/35,
58/56/39/35, 109-111,

130
A US 2014/0286973 A1 (THE TRUSTEES OF THE UNIVERSITY OF PENNSYLVANIA) 1-10, 11/1-10,
September 25, 2014; claim 6 12/11/1-10, 13/11/1-10,

14/1-10, 15/1-10, 16-26,
30/16-26, 31/30/16-26,
32/30/16-26, 33/16-26,

34/16-26
D Further documents are listed in the continuation of Box C. D See patent family annex.
*  Special categories of cited documents: “T” later document published after the international filing date or priority
“A” document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention
“E” earlier application or patent but published on or after the international  “X”  document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive
“L”  document which may throw doubts on priority claim(s) or which is step when the document is taken alone

g"T,-;.ﬂ::;ﬂ?,"ég ;hic?ﬁggfa"“ date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

pe P . s considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P”  document published prior to the international filing date but later than  « g » .
the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report
18 July 2017 (18.07.2018) 2 6 J UL 20']8
Name and mailing address of the ISA/ Authorized officer
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents Shane Thomas
P.O. Box 1450, Alexandria, Virginia 22313-1450
S PCT Helpdesk: 671-272-4300
Facsimile No. 571-273-8300 PCT OSP: 571-272-7774
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INTERNATIONAL SEARCH REPORT International application No.
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Box No. H Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. I:I Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. D Claims Nos.:

because they relate to parts of the international application that do not comply with the prescribed requirements to such an
extent that no meaningful international search can be carried out, specifically:

3. Claims Nos.: 62-79, 104, 105, 112-129
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. IIl  Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:
-***-Please See Supplemental Page-***-

1. D As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying additional fees, this Authority did not invite payment of
additional fees.

3. [:I As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. % No (equired addjtiona! search fees ‘were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims; it is covered by claims Nos.:

1-10, 11/1-10, 12/11/1-10, 13/11/1-10, 14/1-10, 15/1-10, 16-26, 30/16-26, 31/30/16-26, 32/30/16-26, 33/16-26, 34/16-26, 35,
39/35, 56/39/35, 57/56/39/35, 58/56/39/35,106, 108/106, 109-111, 130-132; SEQ ID NOs: 19, 18, 2, 13, 5, 12; CD8
transmembrane domain

Remark on Protest D The additional search fees were accompanied by the applicant’s protest and, where applicable, the
payment of a protest fee.

D The additional search fees were accompanied by the applicant’s protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

l:] No prolest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (January 2015)
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-***-Continued from Box No. Il Observations where unity of invention is lacking: -***-

This application contains the following inventions or groups of inventions which are not so linked as to form a single general inventive
concept under PCT Rule 13.1. In order for all inventions to be examined, the appropriate additional examination fees must be paid.

Groups I+, Claims 1-61, 80-103, 106-111, 130-132, a CD8 transmembrane region, and SEQ ID NOs: 2, 5, 12, 13, 18, 19, are directed
toward a polynucleotide encoding a chimeric receptor comprising and extracellular domain of NKG2D, an effector domain comprising a
transmembrane region and an intracellular signaling domain; cells comprising the polynucleotide or the polypeptide encoded thereby,
and methods for the manufacture of medicaments and for treating cancer with the polynucleotide, or with the cells.

The polynucleotide, cells, and methods will be searched to the extent they encompass a chimeric receptor encompassing an amino acid
sequence encompassing SEQ 1D NO: 19 (first exemplary chimeric receptor AA sequence), encoded by a sequence encompassing SEQ
ID NO: 18 (first exemplary chimeric receptor encoding sequence), wherein the nucleic acid encompasses an NKG2D domain
encompassing SEQ ID NO: 2 (first exemplary NKG2D domain), a CD3zeta signaling domain encompassing SEQ |D NO: 13 (first
exemplary signaling domain), a CD8a hinge region encompassing SEQ ID NO: 5 (first exemplary hinge region), a CD8 transmembrane
domain (first exemplary transmembrane region), and a 4-1BB signaling domain encompassing SEQ ID NO: 12 (first exemplary
additional signaling domain). Applicant is invited to elect additional chimeric receptor sequence(s), with, where applicable, associated
domain(s) thereof and/or independent chimeric receptor domain sequence(s), with specified SEQ ID NO: for each, or with specified
substitution(s) at specified site(s) of a SEQ ID NO:, such that the sequence of each elected species is fully specified (i.e. no optional or
variable residues or substituents), to be searched. Additional chimeric antigen sequence(s) and/or domain sequence(s) will be searched
upon the payment of additional fees. Itis believed that claims 1-8, 10, 11-15 (each in-part), 16-22, 30-35 (each in-part), 39 (in-part),
56-58 (each in-part), 106, 108-111 (each in-part), 130 (in-part), 131 and 132 encompass this first named invention and thus these claims
will be searched without fee to the extent that they encompass a chimeric receptor encompassing SEQ 1D NO: 19 (chimeric receptor AA
sequence), encoded by a sequence encompassing SEQ 1D NO: 18 (chimeric receptor encoding sequence); NKG2D domain SEQ ID
NO: 2 (NKG2D domain), CD3zeta signaling domain SEQ ID NO: 13 (signaling domain), CD8a hinge region SEQ ID NO: 5 (hinge
region), a CD8 transmembrane domain (transmembrane region); and 4-1BB signaling domain SEQ ID NO: 12 (additional signaling
domain). Applicants must specify the claims that encompass any additionally elected sequence(s). Applicants must further indicate, if
applicable, the claims which encompass the first named invention, if different than what was indicated above for this group. Failure to
clearly identify how any paid additional invention fees are to be applied to the "+" group(s) will result in only the first claimed invention to
be searched/examined. An exemplary election would be a chimeric receptor encoded by SEQ ID NO: 108 (chimeric receptor encoding
sequence). (It should be noted that membraneg-bound inlerleukin-15 amino acid sequence SEQ ID NO: 17 and encoding nucleic acid
sequence SEQ ID NO: 16 will be searched as a part of the first embodiment of Groups i+).

No technical features are shared between the chimeric antigen receptor domain sequences of Groups i+ and, accordingly, these groups
lack unity a priori.

Additionally, even if Groups I+ were considered to share the technical features including: a polynucleotide encoding a chimeric receptor
expressed by a cell, comprising: (a) an extracellular receptor domain, wherein said extracellular receptor domain comprises a peptide
that binds native ligands of Natural Killer Group 2 member D (NKG2D), wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D, wherein the fragment of NKG2D is encoded by a polynucleotide, and (b) an effector domain comprising a
transmembrane region and an intracellular signaling domain, and wherein the cell further comprises a membrane-bound interleukin 15
(mblIL15); a method for treating cancer, comprising administering to a subject having a cancer a composition comprising a Natural Killer
(NK) cell expressing the chimeric receptor encoded by the polynucleotide; use of the polynucleotide in the manufacture of a medicament
for enhancing NK cell cytotoxicity in a mammal in need thereof; use of the polynucleotide in the manufacture of a medicament for
treating or preventing cancer or an infectious disease in a mammal in need thereof; a transgenic cell comprising: a) an immune cell
comprising a chimeric receptor, the chimeric receptor comprising: (i) an extracellular receptor domain comprising a peptide that binds
native ligands of Natural Killer Group 2 member D (NKG2D), wherein the peptide that binds native ligands of NKG2D is a fragment of
NKG2D; and (ii) an effector domain comprising a transmembrane region and an intracellular signaling domain; b) a membrane-bound
interleukin 15 (mblL.15); and a method for treating cancer, comprising administering a composition comprising the cell to a subject
having a cancer; these shared technical features are previously disclosed by US 2016/0000828 A1 to St. Jude Children's Research
Hospital, Inc. et al. (hereinafter 'St. Jude') in view of WO 2015/154012 A1 to Memorial Sloan-Kettering Cancer Center (hereinafter
"MSKCC").

-***-Continued Within the Next Supplemental Box-***-

Form PCT/ISA/210 (patent family annex) (January 2015)
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-Continued from Previous Supplemental Page:

St. Jude discloses a polynucleotide encoding a chimeric receptor (a polynucleotide encoding a chimeric receptor; paragraphs [0010],
[0014]) expressed by a cell (expressed by a cell; paragraph [0013]), comprising: (a) an extracellular receptor domain (comprising: (a) an
NKG2D receptor extracellular receptor domain; paragraph [0014]), wherein said extracellular receptor domain comprises a peptide that
binds native ligands of Natural Killer Group 2 member D (NKG2D), wherein the peptide that binds native ligands of NKG2D is a fragment
of NKG2D (wherein the extracellular receptor domain comprises an extracellular ligand binding domain of NKG2D (wherein said
extracellular receptor domain comprises a peptide that binds native ligands of Natura! Killer Group 2 member D (NKG2D), wherein the
peptide that binds native ligands of NKG2D is a fragment of NKG2D); paragraph {0014]), wherein the fragment of NKG2D is encoded by
a polynucleotide (wherein the fragment of NKG2D is encoded by a polynucleotide; paragraph [0014}), and (b) an effector domain
comprising a transmembrane region (an effector domain comprising a transmembrane region; paragraphs [0094], [0096]) and an
intracellular signaling domain (and an intracellular signaling domain; paragraphs [0014), [0094], [0096]); a method for treating cancer (a
method for treating cancer; paragraph [0021]), comprising administering to a subject having a cancer a composition comprising a Natural
Killer (NK) cell expressing the chimeric receptor encoded by the polynucleotide (comprising administering to a subject having a cancer a
composition comprising a Natural Killer (NK) cell expressing the chimeric receptor encoded by the polynucleotide; paragraphs [0013],
[0021]); a transgenic cell comprising: a) an immune cell comprising a chimeric receptor (a transgenic cell comprising: a) an immune celi
comprising a chimeric receptor; paragraphs [0013]), [0017])), the chimeric receptor comprising: (i) an extracellular receptor domain
comprising a peptide that binds native ligands of Natural Killer Group 2 member D (NKG2D), wherein the peptide that binds native
ligands of NKG2D is a fragment of NKG2D (the chimeric receptor comprising: (i) an extracellular receptor domain comprising a peptide
that binds native ligands of Natural Killer Group 2 member D (NKG2D), wherein the peptide that binds native ligands of NKG2D is a
fragment of NKG2D; paragraphs [0013), [0017]); and (ii) an effector domain comprising a transmembrane region and an intracellular
signaling domain (and (ii) an effector domain comprising a transmembrane region and an intracellular signaling domain; paragraphs
[0013]}, [0017], [0094], [0096]); and a method for treating cancer, comprising administering a composition comprising the cell to a subject
having a cancer (a method for treating cancer, comprising administering a composition comprising the cell to a subject having a cancer;
paragraphs [0013], [0017], [0021]). St. Jude further discloses wherein the receptor is an NK cell-activating receptor, that, when
expressed in activated NK cells, enhances the capacity of the cells to kill tumor cells (wherein the receptor is an NK cell-activating
receptor, that, when expressed in activated NK cells, enhances the capacity of the cells to kill tumor cells; paragraphs (0012}, [0095]);
and a kit that includes approval of an agency for the manufacture of a pharmaceutical comprised therein (a kit that includes approval of
an agency for the manufacture of a pharmaceutical comprised therein; paragraph [0249)).

St. Jude does not disclose: wherein the cell further comprisos @ membrane-bound interleukin 15 (mblL15); and use ot the polynucleotide
in the manufacture of a medicament for enhancing NK cell cytotoxicity in a mammal in need thereof; use of the polynucleotide in the
manufacture of a medicament for treating or preventing cancer or an infectious disease in a mammal in need thereof.

MSKCC discloses methods for the clonogenic expansion of NK cells (methods for the clonogenic expansion of NK cells; abstract),
including using trans-presented IL.-15 in cell culture to expand the NK cells (including using trans-presented IL-15 in cell culture to
expand the NK cells; abstract); wherein the IL-15 is membrane bound (wherein the IL-15 is membrane bound; paragraph [00135])).

It would have been obvious to a person of ordinary skill in the art at the time of the invention was made to have modified the disclosure
of St. Jude to have provided for the use of the receptors encoded by the nucleic acids, or cells expressing them, for the manufacture of a
medicament or pharmaceutical preparation for the treatment of cancer, and inclusion of the medicament in a kit, based on the disclosure
of St. Jude. It further would have been obvious to a person of ordinary skill in the art at the time of the invention was made to have
provided a nucleic acid encoding membrane-bound IL-15 to the cells in order to enable the cells to present paralogously, iL-15 to
adjacent NK cells in culture in order to enhance the production of said cells, as disclosed by MSKCC.

Since none of the special technical features of the Groups |+ inventions is found in more than one of the inventions, and since all of the
shared technical features are previously disclosed by a combination of the St. Jude and MSKCC references, unity of invention is lacking.

Form PCT/ISA/210 (extra sheet) (January 2015)
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