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(57) Abstract: Several embodiments disclosed herein relate to the treatment of a tumor using immunotherapy. Several embodiments
relate to the treatment of a liver tumor, such as hepatocellular carcinoma or a metastasis from another tumor location. Additional
embodiments relate to combination therapies that employ Natural Killer (NK) cells engineered to express cytotoxic receptor complexes
and additional anti-cancer agents to treat tumors.
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NATURAL KILLER CELL COMPOSITIONS AND IMMUNOTHERAPY METHODS
FOR TREATING TUMORS

RELATED CASES

[0001] This application claims priority to U.S. Provisional Patent Application No.
62/730,939, filed September 13, 2018, U.S. Provisional Patent Application No. 62/821,360, filed
March 20, 2019, U.S. Provisional Patent Application No. 62/841,768, filed May 1, 2019, and U.S.
Provisional Patent Application No. 62/875,893, filed July 18, 2019, the entirety of each of which

is incorporated by reference herein.

BACKGROUND

[0002] Liver cancers are common, among the leading types of cancers. Hepatocellular
carcinoma is one of the most common types of liver cancer. In contrast to certain types of liver
cancer that are secondary (e.g., originating in another tissue and migrating to the liver,
hepatocellular carcinoma is a primary cancer (e.g., originates in the liver). Other types of liver

cancer, such as a liver tumor due to metastasis from colorectal carcinoma are also common.

INCORPORATION BY REFERENCE OF MATERIAL IN ASCII TEXT FILE

[0003] This application incorporates by reference the Sequence Listing contained in
the following ASCII text file being submitted concurrently herewith: File name:

NKTO025WO_ST25; created September 10, 2019, 90.0KB in size.

SUMMARY

[0004] In several embodiments, there are provided for herein methods and
compositions for treating tumors. In particular, in several embodiments, the compositions are
delivered locally to the tumor. According to several embodiments, there is provided a method for
treating a primary liver tumor, the method comprising, accessing the intra-hepatic artery of a
patient with a primary liver tumor, and administering a population of natural killer (NK) cells
engineered to express a cytotoxic receptor complex. In several embodiments, NK cells bearing
engineered receptors, such as a CAR or chimeric receptor as disclosed herein bind to an NK ligand

on a tumor cell. Cytotoxic signals are then generated which result in killing of tumor cells.
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[0005] Several embodiments disclosed herein relate to combination therapies for
treating cancers. Several embodiments employ a combination of an engineered immune cell (e.g.,
a Natural Killer cell or a T cell) that expresses a chimeric receptor or chimeric antigen receptor
and another anti-cancer agent. Depending on the embodiment, various anti-cancer agents are used,
including, for example, such as a histone deacetylase inhibitor, kinase (e.g., tyrosine kinase)
inhibitors, inhibitors of epidermal growth factor receptor signaling; inhibitors of vascular
endothelial growth factor receptor signaling, chemotherapeutic agent, a proteasome inhibitor,
radiation, demethylating agent, tyrosine kinase inhibitor, all trans retinoic acid, sodium butyrate,
and the like. In several embodiments, synergistic anti-cancer effects result from the combination.

[0006] In several embodiments, there is provided a combination therapy regimen for
treatment of a liver tumor, the therapy regime comprising (i) a population of natural killer (NK)
cells engineered to express a cytotoxic receptor complex, and (ii) at least one additional anti-cancer
agent.

[0007] In several embodiments, the therapy regimen is configured for the population of
NK cells to be administered locally to the liver tumor.

[0008] In several embodiments, the cytotoxic receptor complex comprises a functional
fragment of a C-type lectin-like receptor, wherein the C-type lectin-like receptor comprises a
Natural Killer Group 2D (NKG2D) receptor and a cytotoxic signaling complex comprising a
transmembrane domain, a co-stimulatory domain, and a signaling domain. In several
embodiments, the functional fragment of the C-type lectin-like receptor comprises SEQ ID NO.
24, a fragment thereof having a high degree of sequence identity (e.g., about 85%, about 90%,
about 95%, about 96%, about 97%, about 98%, or about 99% sequence identity), or a fragment
thereof that retains at least a portion of the ligand binding function the fragment of the C-type
lectin-like receptor comprises SEQ ID NO. 24.

[0009] In several embodiments, the liver tumor to be treated by the therapy regimen results
from hepatocellular carcinoma. In several embodiments, the liver tumor is secondary to a tumor
in a different location. For example, in several embodiments, the liver tumor is a primary
metastasis of colorectal carcinoma.

[0010] In several embodiments, the signaling domain of the cytotoxic signaling complex
comprises an OX40 domain. In several embodiments the OX40 domain is at least 95% identical

to an OX40 domain having the sequence of SEQ ID NO. 35. In several embodiments, the OX40



WO 2020/056045 PCT/US2019/050679

domain can be truncated to a sequence shorter than that of SEQ ID NO. 35, yet still retains
stimulatory function. In several embodiments, the signaling construct comprises two, three, four
or more OX40 domains, which advantageously enhances NK cell activation. In several
embodiments, the signaling domain of the cytotoxic signaling complex further comprises a
CD3zeta domain. In several embodiments, the CD3zeta domain is at least 95% identical to a
CD3zeta domain having the sequence of SEQ ID NO. 32. In several embodiments, the CD3zeta
domain is truncated or modified to enhance signaling and/or packaging of the cytotoxic receptor
complex (e.g., in a vector). For example, in several embodiments, signaling domain comprises a
hemi-ITAM domain. In several embodiments, the cytotoxic receptor complex further comprises
IL15. In several embodiments, the IL15 comprises membrane-bound IL15 (mbIL15). In several
embodiments, the mbIL15 is at least 95% identical to a mbIL15 having the sequence of SEQ ID
NO. 39. In several embodiments, the mbIL15 is truncated and/or mutated, for example in order to
enhance stimulation of the engineered NK cells. In several embodiments, the mbIL15 is encoded
by a polynucleotide that also encodes the remainder of the cytotoxic receptor complex. In several
embodiments, the mbIL15 is provided on a separate polynucleotide, that is separately introduced
into NK cells along with the polynucleotide encoding the cytotoxic receptor complex.

[0011] In several embodiments, the cytotoxic receptor complex is encoded by the nucleic
acid sequence of SEQ ID NO: 7. In several embodiments, the cytotoxic receptor complex is
encoded by a nucleic acid sequence that is about 80%, about 85%, about 90%, about 91%, about
92%, about 93%, about 94%, or about 95% identical to SEQ ID NO: 7. In several embodiments,
the cytotoxic receptor complex comprises the amino acid sequence of SEQ ID NO: 8. Depending
on the embodiment the cytotoxic receptor complex is about 80%, about 85%, about 90%, about
91%, about 92%, about 93%, about 94%, or about 95% identical to SEQ ID NO: 8.

[0012] In several embodiments, the regimen is configured for the at least one additional
anti-cancer agent to be administered prior to, concurrent with, or after the population of NK cells
is administered. In several embodiments, the additional anti-cancer agent is administered more
frequently than the engineered NK cells, for example, the anti-cancer agent is administered daily,
while the NK cells are administered one, or weeks apart. In several embodiments, the additional
anti-cancer agent works synergistically with the engineered NK cells as result of the additional
anti-cancer agent inducing expression of one or more ligands of the receptor portion of the

cytotoxic receptor complex and/or because it further stimulates NK cell activity or longevity.
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[0013] In several embodiments, the additional anti-cancer agent is a tyrosine kinase
inhibitor. In several embodiments, the agent is sorafenib. In some embodiments, the anti-cancer
agent is sorafenib, nilotinib, imantinib, gefitinib, erlotinib, sunitinib, adavosertib, lapatinib, or
combinations thereof (e.g., combinations of two, three, four or more).

[0014] In several embodiments, the additional anti-cancer agent is an antibody. For
example, in several embodiments the antibody is a monoclonal antibody, scFv or antibody
fragment. In several embodiments, the additional anti-cancer agent is cetuximab, daratumumab,
rituximab, obinutuzumab, trastuzumab, or combinations thereof. In several embodiments, the
additional anti-cancer agent is a histone deacetylase (HDAC) inhibitor. Various HDAC inhibitors
can be used. For example, in several embodiments the HDAC inhibitor is valproic acid,
FR901228, MS-275, phenylbutyrate, PDX101, sodium valproate, suberoylanilide hydroxamic
acid, or combinations thereof.

[0015] Depending on the embodiment, more widely-used anti-cancer agents can be
coupled with the engineered NK cells disclosed herein. In several embodiments, the additional
anti-cancer agent is a chemotherapeutic agent. For example, in several embodiments, the
chemotherapeutic agent is cisplatin, hydroxyurea, S-fluorouracil, doxorubicin, melphalan,
mitomycin C, etoposide, or combinations thereof. In addition to, or in place of, some
embodiments, employ high dose ionizing radiation. In several embodiments, this is particularly
effective when combined with local delivery of the engineered NK cells, as both treatments are
focally delivered.

[0016] In several embodiments, the additional anti-cancer agent is a proteasome inhibitor.
In several embodiments, the proteasome inhibitor is bortezomib. In several embodiments, the
additional anti-cancer agent is all trans retinoic acid, sodium butyrate, or a combination thereof.
In several embodiments, the additional anti-cancer agent is an inhibitor of a NK checkpoint
pathway. In such embodiments, the inhibitor acts to block the immunosuppressive nature of NK
checkpoint pathways, thereby enhancing the activity of NK cells (both endogenous and
engineered). In several embodiments, the NK checkpoint inhibitor is an antagonist of CD73, an
antagonist of CD39, an antagonist of an adenosine immunosuppressive signaling pathway, or
combinations thereof. Likewise, other approaches are used to enhance NK cell activity, in several
embodiments, such as antibodies directed to TIM3 and/or a TGF beta receptor. In still additional

embodiments, additional anti-cancer agent is an inhibitor of indoleamine 2,3-dioxygenase. In
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several embodiments, combinations of additional agents are used, such as radiation in combination
with NK checkpoint inhibitors and the engineered NK cells. In such embodiments, the utilization
of different mechanisms of action and different signaling pathways leads to a synergistic cytotoxic
effect on the target tumor cells. In some embodiments, two or more of the following are combined:
tyrosine kinase inhibitors, antibodies, chemotherapeutic agents, HDAC inhibitors, demethylating
agents, proteasome inhibitors, checkpoint inhibitors, and other anti-cancer or anti-proliferative
agents.

[0017] In several embodiments, there is provided a use of the combination therapies
disclosed herein for the treatment of a liver cancer. In several embodiments, there is provided a
use of the combination therapies disclosed herein for the preparation of a medicament for the
treatment of a liver cancer.

[0018] In several embodiments, the cytotoxic receptor complex comprises a functional
fragment of a C-type lectin-like receptor, and a cytotoxic signaling complex comprising a
transmembrane domain, a co-stimulatory domain, and a signaling domain. In several
embodiments, the C-type lectin-like receptor comprises a Natural Killer Group 2D (NKG2D)
receptor. In several embodiments, the functional fragment of the C-type lectin-like receptor
comprises SEQ ID NO. 24.

[0019] In several embodiments, there is also provided a method for treating a liver
tumor, the method comprising administering to a patient with a liver tumor a composition
comprising a population of NK cells engineered to express a cytotoxic receptor complex, wherein
the cytotoxic receptor complex comprises an extracellular domain that binds a ligand of a Natural
Killer Group 2D (NKG2D) receptor, a cytotoxic signaling complex comprising a transmembrane
domain, a co-stimulatory domain, and a signaling domain, and wherein the administration
comprises an injection into the intra-hepatic artery of the patient. In several embodiments, the
extracellular domain is encoded by at least a portion of the polynucleotide of SEQ ID NO. 23. In
several embodiments, the extracellular domain is a portion of the extracellular domain of a wild-
type NKG2D receptor. Surprisingly, in several embodiments, the portion of the extracellular
domain retains the ability to bind a ligand of the NKG2D receptor. Also, according to several
embodiments, accessory proteins are not needed for efficient expression of the extracellular
domain of the NKG2D receptor. For example, in several embodiments, DAP10 is not required for

efficient NKG2D extracellular domain expression and/or function. Likewise, in several
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embodiments, DAP12 is not required for efficient NKG2D extracellular domain expression and/or
function.

[0020] In several embodiments, the ligand of NKG2D is selected from MICA, MICB,
ULBP1, ULBP2, ULBP3, ULBP4, ULBP5, ULBP6, and combinations thereof. Other tumor
associated ligands can be bound, in some embodiments. In several embodiments, the NKG2D
receptor is a fragment of a human NKG2D receptor. In alternative embodiments, non-human
sequences may be used.

[0021] In several embodiments, there is provided a method for treating hepatocellular
carcinoma, the method comprising administering to a patient with a hepatocellular carcinoma a
composition comprising a population of natural killer (NK) cells engineered to express a cytotoxic
receptor complex, wherein the cytotoxic receptor complex comprises an extracellular domain
coupled to a transmembrane domain, the transmembrane domain further coupled to a signaling
domain, wherein the extracellular domain comprises a fragment of a Natural Killer Group 2D
(NKG2D) receptor, wherein the fragment the NKG2D receptor is at least 95% homologous to the
NKG2D receptor fragment encoded by the polynucleotide of SEQ ID NO. 24, and wherein the
administration comprises an injection into the intra-hepatic artery of the patient.

[0022] In several embodiments, the signaling domain of the cytotoxic signaling
complex comprises an OX40 domain. In several embodiments, the signaling domain of the
cytotoxic signaling complex further comprises a CD3zeta domain. Depending on the embodiment,
the CD3zeta domain comprises at least one immunoreceptor tyrosine-based activation motif
(ITAM) motif. In some embodiments, no ITAM motif is present. In several embodiments, the
co-stimulatory domain comprises IL-15. In several embodiments, the IL-15 is expressed by the
NK cells as membrane-bound IL-15. In several embodiments, the membrane bound IL-15 is
supplemented by expression of secreted IL-15. In several embodiments, alternative interleukins
may be used in place of, or in addition to IL-15.

[0023] In several embodiments, the transmembrane domain of the cytotoxic signaling
complex is derived from CDS8 alpha. In several embodiments, the transmembrane domain
comprises a first and a second subdomain. In some such embodiments, the first subdomain
comprises a CD8 alpha transmembrane domain. In some such embodiments, the second

subdomain comprises a CD8 alpha hinge.
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[0024] In several embodiments, the cytotoxic receptor complex is at least 80%
homologous to the cytotoxic receptor complex encoded by the polynucleotide of SEQ ID NO. 7.
In several embodiments, the cytotoxic receptor complex is at least 85% homologous to the
cytotoxic receptor complex encoded by the polynucleotide of SEQ ID NO. 7. In several
embodiments, the cytotoxic receptor complex is at least 90% homologous to the cytotoxic receptor
complex encoded by the polynucleotide of SEQ ID NO. 7. In several embodiments, the cytotoxic
receptor complex is at least 95% homologous to the cytotoxic receptor complex encoded by the
polynucleotide of SEQ ID NO. 7. In several embodiments, the cytotoxic receptor complex is at
least 80% homologous to a cytotoxic receptor complex having the amino acid sequence of SEQ
ID NO. 8. In several embodiments, the cytotoxic receptor complex is at least 90% homologous to
a cytotoxic receptor complex having the amino acid sequence of SEQ ID NO. 8. In several
embodiments, the cytotoxic receptor complex is at least 80% homologous to a cytotoxic receptor
complex encoded by a polynucleotide of selected from the group consisting of SEQ ID NOs. 1, 3,
5,9, 11, 13, 15, 17, 19, and 21. In still additional embodiments, the cytotoxic receptor complex
may have less homology to the indicated sequences, but retains all or substantially all of the same
functionality as the reference receptor complexes.

[0025] In several embodiments, the cells/compositions described herein are
administered percutaneously. In several embodiments, the intra-hepatic artery is accessed
percutaneously and wherein the population of cells is administered by infusion. In one
embodiment, the liver is targeted via needle-puncture of the skin instead of using an open surgery
approach. In one embodiment, a catheter system is used. Over-the-wire systems are used in some
embodiments. Tumors (e.g., solid tumors) or other sites outside the hepatic system are targeted in
several embodiments.

[0026] In one embodiment, a needle is placed through the skin and into a vessel, such
as an artery or vein. An introducer such as a guide wire is introduced into the vessel. The needle
is then exchanged for a conduit or sheath that is advanced over the introducer and into the vessel.
The introducer is removed, and exchanged for a catheter or other medical device to be used to
deliver the cells/compositions described herein. Catheters may be partially or wholly flexible to
navigate tortuous vessels. Catheters may be adapted to the shape and size of the hepatic artery or
portal vein, in some embodiments. In one embodiment, the cells/compositions are delivered over

a period of time. In another embodiment, the cells/compositions are delivered in a single bolus. In
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yet other embodiments, the cells/compositions are delivered on a substrate. In some embodiments,
image or other guidance is used to facilitate delivery. In some embodiments, the
cells/compositions are used for targeted localized delivery such that at least 95%, 97%, 99% or
100% of the cells/compositions are delivered and remain at the target location. In one
embodiment, only the hepatic artery is targeted, and not the portal vein. In several embodiments,
the NK cells expressing chimeric receptors are administered via trans-arterial delivery (e.g., trans-
arterial delivery to the hepatic artery).

[0027] Non-percutaneous administration is also provided in several embodiments. In
some embodiments, cells and compositions are delivered intravenously, intramuscularly,
intraperitoneally, though an artery, and/or via an open surgery approach. In some embodiments,
tumors located in areas other than the liver are treated (such as the ovaries, pancreas, renal, and
other organs). While NK cells and compositions are described herein, other cells or biologics/drugs
may be delivered instead of in addition to NK cells (including but not limited to CAR T cells,
antibodies, epidermal growth factor receptor inhibitors, antineoplastics, etc). In some
embodiments, one or more of cetuximab, daratumumab, rituximab, obinutuzumab, and
trastuzumab are provided in combination with NK cells. In several embodiments, one or more
tyrosine kinase inhibitors are provided in combination with the engineered NK cells disclosed
herein. For example, in several embodiments, sorafenib is administered in conjunction with the
engineered NK cells disclosed herein. In several embodiments, sunitinib is administered in
conjunction with the engineered NK cells disclosed herein. In several embodiments, one or more
chemotherapy agents are administered in conjunction with the engineered NK cells disclosed
herein. In several embodiments, one or more of cisplatin, hydroxyurea, S5-fluorouracil,
doxorubicin, melphalan, mitomycin C, and/or etoposide are administered in conjunction with the
engineered NK cells disclosed herein. In several embodiments, high dose ionizing radiation is
administered in conjunction with the engineered NK cells disclosed herein. In several
embodiments, one or more proteasome inhibitors are administered in conjunction with the
engineered NK cells disclosed herein. In several embodiments, bortezomib (e.g., Velcade®) is
administered in conjunction with the engineered NK cells disclosed herein. In several
embodiments, one or more HDAC inhibitors are administered in conjunction with the engineered
NK cells disclosed herein. In several embodiments, one or more of remidepsin (e.g., FR901228),

entinostat (e.g., MS-275), phenylbutyrate, belinostat (e.g., PDX101), sodium valproate,
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suberoylanilide hydroxamic acid, and/or valproic acid is administered in conjunction with the
engineered NK cells disclosed herein. In several embodiments, one or more of all-trans retinoic
acid and/or sodium butyrate is administered in conjunction with the engineered NK cells disclosed
herein. In several embodiments, one or more demethylating agents is administered in conjunction
with the engineered NK cells disclosed herein. For example, in several embodiments, azazytidine
and/or decitabine is administered in conjunction with the engineered NK cells disclosed herein. In
several embodiments, the additional agent administered renders the target tumor cells more
susceptible to the engineered NK cells, for example by inducing upregulation of ligands of the
engineered receptors disclosed herein.

[0028] In some embodiments, delivery of the cells/compositions described herein are
administered with other diagnostic and/or therapeutic modalities. For example, tumor ablation
(e.g., cryotherapy), chemotherapy, dissection etc. may be administered as additional therapies. In
some embodiments, trans-arterial chemoembolization, ultrasound ablation, microwave ablation,
laser therapy, gamma-knife radiosurgery, ethanol injection, and/or radioembolization are
provided. In one embodiment, the cells/compositions enhance the efficacy of these other therapies,
reduce the undesired side effects and/or reduce the treatment time. Techniques to increase delivery,
localization and/or efficacy are provided in some embodiments, including but not limited to
techniques that enhance cell membrane permeability, such as electroporation.

[0029] In several embodiments, the administered population of NK cells is autologous
with respect to the patient. In alternative embodiments, the administered population of NK cells
is allogeneic with respect to the patient. NK cells are innate immune sensors of virally infected,
damaged, and malignant cells. NKs are not restricted to a single epitope; they read a wide variety
of activating and inhibitory signals to spare healthy and kill diseased cells. Also, NK cell
proliferation signals (e.g., in response to IL15, IL18, IL21, IL2, IL21) are distinct from the signals
that drive cytotoxicity (e.g., signaling through NKG2D, NKG2C, CD16, DNAM-1, 2B4, NKp44,
and/or NKp30). In several embodiments, the use of engineered NK cells according to
embodiments disclosed herein is advantageous because such engineered NK cells: (i) are able to
discriminate between healthy cells and cancer cells, (ii) are able to target multiple antigens, (iii)
are able to target native ligands that are overexpressed by many tumor cells, (iv) are able to target
checkpoint inhibitors, and/or (v) are able to reduce and/or eliminate risk of graft versus host

disease. In several embodiments, the engineered cells according to embodiments disclosed herein



WO 2020/056045 PCT/US2019/050679

have the ability to withstand cryopreservation with limited cell death. In several embodiments,
this makes an off the shelf product possible. In still additional embodiments, the administered
population is a mixed autologous/allogeneic population. In some embodiments, T cells are
administered in conjunction with or in place of NK cells. In several embodiments, the treatment
methods further comprise administering 1L-2 to the patient.

[0030] In several embodiments, the methods further comprise mapping the location of
the intra-hepatic artery prior to accessing the intra-hepatic artery. Several embodiments employ
steps to occlude blood vessels that do not supply blood to the liver. Depending on the
embodiments, the administration of the population of NK cells is repeated once every 1 week, once
every 2 weeks, once every 3 weeks, or once every 4 weeks. In several embodiments, the
administered composition results in at least a 25% decrease in the tumor burden. In several
embodiments, the reduced tumor burden is reduction in hepatocellular carcinoma tumor burden.
In several embodiments, the administered composition comprises between about 107 and about
1010 NK cells.

[0031] In several embodiments, the signaling domain of the cytotoxic signaling
complex comprises a CD3zeta domain and the extracellular domain is encoded by the
polynucleotide of SEQ ID NO. 24. In several embodiments, the CD3zeta domain comprises at
least one immunoreceptor tyrosine-based activation motif (ITAM) motif. In several embodiments,
the signaling domain of the cytotoxic signaling complex further comprises an OX40 domain. In
several embodiments, the cytotoxic signaling complex further comprises a 4-1BB domain. In
several embodiments, the signaling domain of the cytotoxic signaling complex further comprises
aCD28 domain. In several embodiments, the signaling domain of the cytotoxic signaling complex
further comprises an NKp80 domain.

[0032] In several embodiments, the cytotoxic receptor complex is encoded by the
nucleic acid sequence of SEQ ID NO. 1. In several embodiments, the cytotoxic receptor complex
has the amino acid sequence of SEQ ID NO. 2. In several embodiments, the cytotoxic receptor
complex is encoded by the nucleic acid sequence of SEQ ID NO. 3. In several embodiments, the
cytotoxic receptor complex has the amino acid sequence of SEQ ID NO. 4. In several
embodiments, the cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID
NO. 5. In several embodiments, the cytotoxic receptor complex has the amino acid sequence of

SEQ ID NO. 6. In several embodiments, the cytotoxic receptor complex is encoded by the nucleic
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acid sequence of SEQ ID NO. 7. In several embodiments, the cytotoxic receptor complex has the
amino acid sequence of SEQ ID NO. 8. In several embodiments, the cytotoxic receptor complex
is encoded by the nucleic acid sequence of SEQ ID NO. 9. In several embodiments, the cytotoxic
receptor complex has the amino acid sequence of SEQ ID NO. 10. In several embodiments, the
cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID NO. 11. In several
embodiments, the cytotoxic receptor complex has the amino acid sequence of SEQ ID NO. 12. In
several embodiments, the cytotoxic receptor complex is encoded by the nucleic acid sequence of
SEQ ID NO. 13. In several embodiments, the cytotoxic receptor complex has the amino acid
sequence of SEQ ID NO. 14. In several embodiments, the cytotoxic receptor complex is encoded
by the nucleic acid sequence of SEQ ID NO. 15. In several embodiments, the cytotoxic receptor
complex has the amino acid sequence of SEQ ID NO. 16. In several embodiments, the cytotoxic
receptor complex is encoded by the nucleic acid sequence of SEQ ID NO. 17. In several
embodiments, the cytotoxic receptor complex has the amino acid sequence of SEQ ID NO. 18. In
several embodiments, the cytotoxic receptor complex is encoded by the nucleic acid sequence of
SEQ ID NO. 19. In several embodiments, the cytotoxic receptor complex has the amino acid
sequence of SEQ ID NO. 20. In several embodiments, the cytotoxic receptor complex is encoded
by the nucleic acid sequence of SEQ ID NO. 21. In several embodiments, the cytotoxic receptor
complex has the amino acid sequence of SEQ ID NO. 22.

[0033] 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 engineered NK cells locally to the liver” include

“instructing the administration of a population of engineered NK cells locally to the liver.”

BRIEF DESCRIPTION OF THE FIGURES

[0034] Figures 1A-1G represent schematic depictions of cytotoxic receptor complex
constructs for expression in NK cells according to several embodiments disclosed herein.
[0035] Figures 2A-2D represent schematic depictions of additional cytotoxic receptor

complex constructs for expression in NK cells according to several embodiments disclosed herein.

11



WO 2020/056045 PCT/US2019/050679

[0036] Figures 3A to 3C depict data related to the concentration of various factors
released by cultured hepatocellular carcinoma cells when co-cultured with native NK cells (NT
NK) or engineered NK cells according to embodiments disclosed herein (NKX101).

[0037] Figures 4A-4J show data related to the degree of cytotoxic effects induced by
native NK cells (NT NK) or engineered NK cells according to embodiments disclosed herein
(NKX101) when co-cultured with various hepatocellular carcinoma cell lines at varying
effector:target ratios. Figure 4J summarizes the cell lines in terms of their resistance to NKX101
as measured by the percentage of control cells still viable at an effector to target ratio of 1:2.
Figures 4K-4S depict additional data related to the degree of cytotoxic effects induced by native
NK cells (donor number) or engineered NK cells according to embodiments disclosed herein
(NKX101 (plus donor number)) when co-cultured with various hepatocellular carcinoma cell lines
at varying effector:target ratios. Figures 4T-4BB reflect summary data for those traces shown in
Figures 4F-4S. The Y-axis shows Percent of Control (PoC), based on the number of untreated
HCC cells (calculated as [(mean experimental value)/(control mean)*100].

[0038] Figure 5 shows a schematic of a protocol for in vivo evaluation of NKX101 in
reducing hepatocellular carcinoma tumor burden in mice. 3x10° cells (either unmodified NK or
NKX101) or PBS was administered IP to mice receiving hepatocellular carcinoma cells (SNU449
cells with firefly luciferase) at 8 days post-HCC administration. NKX101 transduction efficiency
was ~57%, while residual CD3+ T cells were less than 2%.

[0039] Figures 6A-6F show data related to tumor burden in mice receiving PBS (A and
D), unmodified NKs (B and E) or NKX101 (C and F). Shown in A, B, and C are bioluminescent
images of mice having received the indicated cell (or PBS) and depicting tumor burden over time.
Shown in D, E, and F are the corresponding line graphs depicting tumor burden over time.

[0040] Figures 7A-7E depict data related to the efficacy of Sorafenib against various
tumor cell lines when used alone or when used in conjunction with engineered NK cells provided
for herein. 7A depicts data related to the percent survival of the indicated HCC cell lines at varying
doses of the small molecule, sorafenib, which inhibits Raf-1, B-Raf and VEGFR-2 signaling
pathways. Figure 7B is the tabulated EC50 dose for Sorafenib against the HCC cell lines. Figures
7C-7E depict the cytotoxicity of various combinations of a tyrosine kinase inhibitor (Sorafenib)

with native NK cells or NKX101 at the indicated effector:target ratio.
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[0041] Figures 8A-8I depict data related to the expression of various NKG2D receptor
ligands and control markers in the indicated hepatocellular carcinoma cell type measured using
Bamomab antibodies. NKG2D ligands are surrounded by the dashed box, while controls are
surrounded by the solid box.

[0042] Figures 9A-9F depict data related the degree of cytotoxicity of the various HCC
cell lines with respect to the degree of expression of the indicated NKG2D receptor ligand.

[0043] Figures 10A-10G depict data related to the degree of expression of NKG2D-Fc
on various HCC cell lines (A and B) and to the degree of correlation between expression of the
NKG2D-Fc and the indicated NKG2D receptor ligand.

[0044] Figures 11A-11B depict data related to the enhanced in vitro cytotoxicity of
NKX101 cells at 4 hr endpoint measured in 2 model HCC cell lines engineered to express
luciferase (11A shows Hep3b cells; 11B shows SNU449 cells). Averages shown for NKX101 and
unmodified (NT NK) NK cells from 2 donors at day 21 post-expansion with K562-mbIL15-41BBL
stimulatory cells. EC50 values calculated using Prism 4-parameter non-linear regression analysis.

[0045] Figures 12A-12I depict data related to the expression of various NKG2D
receptor ligands and control markers in the indicated hepatocellular carcinoma cell type measured
using PE conjugated antibodies (from R&D Systems). NKG2D ligands are surrounded by the
dashed box, while controls are surrounded by the solid box.

[0046] Figures 13A-13I depict summary data of NKG2D ligand expression in the
various indicated hepatocellular carcinoma cell lines indicated, using the PE-conjugated antibodies
from Figure 12 and the BAMOmADb antibodies from Figure 8. Data are shown as dMFI (delta
Mean Fluorescence Intensity, calculated as target MFI detected — antibody isotype MFI (e.g.,
background)).

[0047] Figures 14A-14F relate to an investigation of changes in specific NKG2D
ligands in HCC. These data plot the expression level of all NKG2D ligands (Y-axis) as measured
by binding of the ligands by NKG2D-Fc vs. the specific NKG2D ligand indicated (X-axis).

[0048] Figures 15A-15C depict cytotoxicity data for NKX101 cells at 4 hr endpoint
measured in 3 model HCC cell lines engineered to express luciferase (15A shows Hep3b cells;
15B shows Huh-7 cells, and 15C shows SNU449 cells). Averages shown for NKX101 and
unmodified (donor number) NK cells from 2 donors at day 21 post-expansion with K562-mbIL15-
41BBL stimulatory cells.
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[0049] Figures 16A-16G relate to engineering of various hepatocellar carcinoma cells
to express luciferase. The vectors used to transduce the cell lines included a CD19 expression tag
to allow for MACS CD19 positive selection of transduced cells. Figures 16A-16F show flow
cytometry data for each of the indicated cell lines. Figure 16G summarizes the successful
generation of the cells, as measured by their expression of luciferase (in Relative Light
Units/10,000 cells).

[0050] Figures 17A-17N relate to expression of total NKG2D ligands and PD-L1 in
relation to sorafenib concentration. Figures 17A-17F depict flow cytometry data related to
changes in total NKG2D ligand expression in the indicated tumor cell lines in response to various
concentrations of sorafenib (total expression is based on the use of the NKG2D-Fc fusion, so
detection is of any ligand NKG2D could bind). Figures 17G-17L depict flow cytometry data
related to changes in PD-L1 expression in the indicated tumor cell lines in response to various
concentrations of sorafenib. Figures 17M and 17N are line graphs that summarize the flow
cytometry data.

[0051] Figures 18A-18T relate to expression of total NKG2D ligands and PD-L1 in
relation to Interferon gamma (IFNg) concentration. Figures 18A-181 depict flow cytometry data
related to changes in total NKG2D ligand expression in the indicated tumor cell lines in response
to various concentrations of IFNg (total expression is based on the use of the NKG2D-Fc fusion,
so detection is of any ligand NKG2D could bind). Figures 18J-18S depict flow cytometry data
related to changes in PD-L1 expression in the indicated tumor cell lines in response to various
concentrations of IFNg. Figures 18S and 18T are line graphs that summarize the flow cytometry
data.

[0052] Figures 19A-19D relate to expression of PD-1 by NK cells that are not
transduced with a chimeric receptor construct or expression of PD-1 by NKX101 cells.

[0053] Figures 20A-20E relate to the expression of CD19 by engineered luciferase-
expressing colorectal cancer (CRC) cell lines. The vectors used to transduce the cell lines included
a CD19 expression tag to allow for MACS CD19 positive selection of transduced cells.

[0054] Figures 21A-21E relate to the expression of various NKG2D ligands by the
CRC cells engineered to express luciferase.

[0055] Figures 22A-22F show flow cytometry data relating to the expression by NK
cells from 3 donors of CD56 before (A-C) and after (D-F) CD3 depletion.
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[0056] Figures 23A-23C show flow cytometry data relating to expression of NKG2D
receptor by engineered NK cells (NKX101) (as compared to non-transduced NK cells (NTNK))
in NK cells from two donors.

[0057] Figures 24A-24C depict cytotoxicity data of NKX101 cells from four different
donors against the indicated CRC cell lines, as well as the associated EC50 values. Data collected
at day 14-21 post-expansion with K562-mbIL15-41BBL stimulatory cells.

[0058] Figures 25A-25F show flow cytometry data relating to the characterization of
NK cell from two donors and engineered to express NKX101. Figures 25A-B and D-E relate to
expression by NK cells from 2 donors of CD56 before (A-B) and after (D-E) CD3 depletion.
Figures 25C and 25F show flow cytometry data relating to NKX101 expression (as compared to
non-transduced NK cells (NTNK)) in NK cells from these two donors.

[0059] Figures 26A-26C depict analysis of cytokines released by the indicated CRC
cell line in response to either non-transduced NK cells (NTNK) or NK cells expressing NKX101.

[0060] Figures 27A-27E show standard curves for each cytokine analyzed and
summarized in Figures 26A-26E.

[0061] Figures 28A-28B display flow cytometry data related to activating receptor
expression by NK cells during expansion.

[0062] Figures 29A-29C displays data on the in vivo persistence and cytotoxicity of
engineered NK cells according to embodiments disclosed herein. Figure 29A shows enhanced in
vivo persistence of non-limiting embodiments of engineered NK cells disclosed herein. Figure
29B shows enhanced in vivo cytotoxicity data for non-limiting embodiments of engineered NK
cells disclosed herein. Figure 29C shows bioluminescent intensity imaging data that underlie the
data of Figure 29B.

[0063] Figures 30A-30B relate to data from a THP1 AML xenograft model. Figure
30A depicts in vivo data related to the cytotoxicity of an NKG2D CAR according to embodiments
disclosed herein against acute myelogenous leukemia cells. Figure 30B provides a summary of
the in vivo data.

[0064] Figure 31 depicts summary data related to the cytotoxicity of an NKG2D CAR
according to embodiments disclosed herein against various acute myelogenous leukemia cells.

[0065] Figures 32A-32K relate to further characterization of NK cells and engineered

NK cells as disclosed herein. Figure 32A shows a schematic protocol for characterizing the
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engineered NK cells disclosed herein and their response to cryopreservation. Figure 32B shows
data related to engineered NK cell viability. Figure 32C shows data related to engineered NK cell
viable cell recovery. Figure 32D shows data related to engineered NK cell retention of
cytotoxicity. Figure 32E shows summary data related to expression of certain markers by
engineered NK cells during expansion. Figure 32F shows additional summary data related to
expression of certain markers by engineered NK cells during expansion. Figure 32G shows
summary data related to expression of CD16 by engineered NK cells during expansion. Figure
32H shows summary data related to marker expression by engineered NK cells during expansion.
Figure 321 shows summary data related to the intensity of marker expression by engineered NK
cells during expansion. Figure 32J shows summary data related to marker expression by
engineered NK cells during expansion with feeder cells alone. Figure 32K shows summary data
related to marker expression by engineered NK cells during expansion with feeder cells and
additional cytokines.

[0066] Figures 33A-33C related to expression of various surface markers by
engineered NK cells according to embodiments disclosed herein or on target cells (here Raji and
Nalm6 cells). Figure 33A shows CD16 expression on NK cells expressing an NKG2D CAR
according to several embodiments disclosed herein. Figure 33B shows CD19 expression on Raji
and Nalm6 tumor cells. Figure 33C shows CD20 expression on Raji and Nalm6 tumor cells.

[0067] Figure 34 shows data related to reduction in Raji cell growth when exposed to
NK cells expressing a non-limiting example of an NKG2D CAR as well as an anti-CD20 antibody.

[0068] Figures 35A-35B related to the inhibition of HL60 leukemia cell growth when
exposed to NK cells expressing a non-limiting example of an NKG2D CAR as well as an HDAC
inhibitor. Figure 35A shows HL60 cell growth with the indicated constructs. Figure 35B shows
the same constructs in conjunction with administration of an HDAC inhibitor.

[0069] Figure 36 depicts data related to reduction in cell growth in the presence of
various immune cell types expressing a non-limiting embodiment of an NKG2D CAR as disclosed

herein.

DETAILED DESCRIPTION

[0070] Delivery of a drug product to the site of therapeutic activity is an important

factor to the drug’s performance and safety. In the case of cellular immunotherapies, issues of
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delivery can be an additional hurdle to effective therapy, as effector cell types are frequently
excluded from the tumor microenvironment. While tumor infiltration of NK cells has been
associated with good prognosis in several tumor types, NK cells have also been observed to poorly
infiltrate some tumor types (e.g., renal cell carcinoma, colorectal carcinoma, and melanoma). Lack
of infiltration, perhaps associated with gaps in the chemokine receptor repertoire expressed by NK
cells, may account for the varied clinical results achieved using adoptively infused NK cells in
connection with certain tumors.

[0071] Some therapies benefit from local delivery of therapeutic agents to the liver.
For example, administration of chemotherapeutic agents via the intra-hepatic artery has been
demonstrated. Similarly, regional delivery of CAR T cells to the liver for the treatment of
hepatocellular carcinoma has been performed.

[0072] In accordance with several embodiments, disclosed herein, cell therapies using
NK cells are an attractive option for use in hepatocellular carcinoma. Ligands of the NKG2D
receptor are expressed in hepatocellular carcinoma, and overexpression of the NKG2D receptor
improves NK cell cytotoxicity towards hepatocellular carcinoma-derived cell lines in vitro and in
vivo. Further, while NK cells derived from hepatocellular carcinoma patients may exhibit signs
of exhaustion, exposure to IL-15 can restore some functionality. In some embodiments, intra-
hepatic delivery of NK cells is a highly effective method for use of these cells for treatment of
hepatocellular carcinoma. In several embodiments, NK-based therapy using engineered NK cells
further increases the efficacy over native NK cells. For example, according to some embodiments,
NK cells are engineered to express a cytotoxic receptor complex comprising an NKG2D receptor
(or portion thereof). According to some embodiments, NK cells are engineered to express IL-15,
in some embodiments, a secreted form, while in some embodiments, the IL-15 is membrane bound.
While NK infiltration to hepatocellular carcinoma may be limited, and potentially suppressed by
the tumor microenvironment, local delivery to the liver of a such engineered NK cells can both
ensure delivery of an effective dose to the site of disease, and contain the cells in the anatomical
compartment in which they’re needed, thus limiting potential off-target toxicities. Thus, as
discussed in more detail below, such compositions and methods of locally delivering such
engineered NK cells enhances the sensitivity of the NKs towards NKG2D ligands and improve
their ability to resist the suppressive forces of the tumor microenvironment, and provides for

enhanced anti-cancer therapy.
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Engineered NK Cells for Immunotherapy

[0073] Various types of immune cells can be used in cellular immunotherapy. Some
embodiments, relate to T cell-based compositions (e.g., those expressing NKG2D-based cytotoxic
receptor complexes as disclosed herein) and methods. Several embodiments relate to NK cell-
based compositions and methods. According to several embodiments, compositions comprising
engineered NK cells have certain advantageous characteristics. NK cells enables the use of either
autologous or donor-derived allogeneic cells. In accordance with several embodiments,
engineered NK cells have minimal cytotoxicity against normal cells. This advantage is further
enhanced when coupled with local delivery, for example via the intra-hepatic artery. Engineered
NK cells also have a significant cytotoxic effect, unexpectedly elevated over that of native NK
cells, which are already quite potent.

[0074] According to several embodiments, NK cells are engineered to express one or
more cytotoxic receptor complexes. The complexes comprise, depending on the embodiment, a
domain that binds to tumor ligands (e.g., an extracellular domain), and a cytotoxic signaling
complex that comprises a transmembrane domain, a signaling domain, and/or a co-stimulatory

domain. Each domain may comprise one or more subdomains.

Domains that Bind Tumor Ligands

[0075] In several embodiments, engineered NK cells are leveraged for their ability to
recognize and destroy tumor cells. NK cells express both inhibitory and activating receptors on
the cell surface. Inhibitory receptors bind self-molecules expressed on the surface of healthy cells
(thus preventing immune responses against “self”” cells), while the activating receptors bind ligands
expressed on abnormal cells, such as tumor cells. A “tip” in the balance between inhibitory and
activating receptor activation in favor of activating receptors leads to NK cell activation and target
(e.g., tumor) cell lysis. Natural killer Group 2 member D (NKG2D) is an NK cell activating
receptor that recognizes a variety of ligands expressed on cells. The surface expression of various
NKG2D ligands is generally low in healthy cells but is upregulated upon, for example, malignant
transformation. Non-limiting examples of ligands recognized by NKG2D include, but are not
limited to, MICA, MICB, ULBP1, ULBP2, ULBP3, ULBP4, ULBP5, and ULBP6, as well as other

molecules expressed on target cells that control the cytolytic or cytotoxic function of NK cells.
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[0076] In several embodiments, cells are engineered to express a cytotoxic receptor
complex comprising a full length NKG2D as an extracellular component to recognize ligands on
the surface of tumor cells (e.g., liver cells). In one embodiment, full length NKG2D has the
nucleic acid sequence of SEQ ID NO. 24.

[0077] In several embodiments, cells are engineered to express a cytotoxic receptor
complex comprising a functional fragment of NKG2D as an extracellular component to recognize
ligands on the surface of tumor cells (e.g., liver cells). In one embodiment, the functional fragment
of NKG2D has the nucleic acid sequence of SEQ ID NO. 24. 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
may have one or more additional mutations from SEQ ID NO. 24, 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. 25.
Advantageously, according to several embodiments, the functional fragment lacks its native
transmembrane or intracellular domains but retains its ability to bind ligands of NKG2D as well
as transduce activation signals upon ligand binding. A further advantage of such fragments is that
expression of DAP10 to localize NKG2D to the cell membrane is not required. Thus, in several
embodiments, the cytotoxic receptor complex encoded by the polypeptides disclosed herein does
not comprise DAP10.

[0078] In several embodiments, the cytotoxic receptor complexes are configured to
dimerize. = Dimerization may comprise homodimers or heterodimers, depending on the
embodiment. In several embodiments, dimerization results in improved ligand recognition by the
cytotoxic receptor complexes (and hence the NK cells expressing the receptor), resulting in a
reduction in (or lack) of adverse toxic effects. In several embodiments, the cytotoxic receptor
complexes employ internal dimers, or repeats of one or more component subunits. For example,
in several embodiments, the cytotoxic receptor complexes may optionally comprise a first NKG2D

extracellular domain coupled to a second NKG2D extracellular domain, and a
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transmembrane/signaling region (or a separate transmembrane region along with a separate
signaling region).

[0079] In several embodiments, the various domains/subdomains are separated by a
linker such as, a GS3 linker (SEQ ID NO: 41) is used (or a GSn linker). This provides the potential
to separate the various component parts of the receptor complex along the polynucleotide, which

can enhance expression of the receptor complex.

Cytotoxic Signaling Complex

[0080] As disclosed herein, according to several embodiments the provided cytotoxic
receptor complexes comprise a domain to bind to ligands on the surface of target cells and also
comprise a cytotoxic signaling complex. In several embodiments, the cytotoxic signaling complex
comprises at least one transmembrane domain, at least one co-stimulatory domain, and/or at least
one signaling domain. In some embodiments, more than one component part makes up a given
domain — e.g., a co-stimulatory domain may comprise two subdomains. Moreover, in some
embodiments, a domain may serve multiple functions, for example, a transmembrane domain may

also serve to provide signaling function.

Transmembrane Domains

[0081] In several embodiments, the NKG2D domain employed retains at least a portion
of its normal transmembrane domain. In several embodiments, however, the transmembrane
domain comprises at least a portion of CD8, a transmembrane glycoprotein normally expressed on
both T cells and NK cells. In several embodiments, the transmembrane domain comprises CD8a.
In several embodiments, the transmembrane domain is referred to as a “hinge”. In several
embodiments, the “hinge” of CD8a has the sequence of SEQ ID NO. 26. In several embodiments,
the CD8a hinge is truncated or modified and 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.
26.

[0082] In several embodiments, the transmembrane domain comprises a CDS8a
transmembrane region. In several embodiments, the CD8a transmembrane domain has the

sequence of SEQ ID NO. 27. In several embodiments, the CD8a hinge is truncated or modified
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and 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. 27.

[0083] In several embodiments, the transmembrane domain comprises an 1gG4 short
hinge. In several embodiments, the IgG4 short hinge transmembrane domain has the sequence of
SEQ ID NO. 28. In several embodiments, the CD8a hinge is truncated or modified and 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. 28.

[0084] In several embodiments, the cytotoxic signaling complex 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. 29. 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. 29. In several embodiments, the CD28 signaling domain has the
sequence of SEQ ID NO. 40. In several embodiments, the CD28 signaling domain can be
truncated or modified, such that it is at Ieast 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. 40. 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.

[0085] 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, OX40, 4-1BB, and/or CD3zeta are used in
some embodiments.

[0086] In several embodiments, the transmembrane domain comprises the
transmembrane domain of the T cell CD3 T cell receptor complex (made up of the zeta, alpha,
beta, gamma, delta, and epsilon subunits). In several embodiments, the entire transmembrane
domain is used, while in some embodiments a fragment thereof is used. In some embodiments, 1
to 20 (e.g., 1,2,3,4, 5,6, 8, 10, 15 or more) extracellular CD3zeta residues are directly adjacent
to the CD3zeta transmembrane domain. In some embodiments, CD3zeta transmembrane domain

has the sequence of SEQ ID NO. 30. In several embodiments, the CD3zeta transmembrane domain
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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. 30. In several embodiments the modifications to the CD3zeta
transmembrane domain comprise additional nucleic acid residues to increase the length of the

domain.

Co-stimulatory Domains

[0087] In addition the various the transmembrane domains and signaling domain (and
the combination transmembrane/signaling domains), additional co-activating molecules can be
provided, in several embodiments. These can be certain molecules that, for example, further
enhance activity of the immune cells. Cytokines may be used in some embodiments. For example,
certain interleukins, such as IL-2 and/or IL-15 as non-limiting examples, are used. In some
embodiments, the immune cells for therapy are engineered to express such molecules as a secreted
form. In additional embodiments, such co-stimulatory domains are engineered to be membrane
bound, acting as autocrine stimulatory molecules (or even as paracrine stimulators to neighboring
cells delivered). In several embodiments, NK cells are engineered to express membrane-bound
interleukin 15 (mbIL15). In such embodiments, mbIL15 expression on the NK enhances the
cytotoxic effects of the engineered NK cell by enhancing the proliferation and/or longevity of the
NK cells. In several embodiments, mbIL15 has the nucleic acid sequence of SEQ ID NO. 39. 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. 39.

[0088] In some embodiments, the engineered cytotoxic receptor complex is encoded
by a polynucleotide that includes one or more cytosolic protease cleavage sites, for example a T2A
cleavage site, a P2A cleavage site, an E2A cleavage site, and/or a F2A cleavage site. Such sites
are recognized and cleaved by a cytosolic protease, which can result in separation (and separate
expression) of the various component parts of the receptor encoded by the polynucleotide. As a
result, depending on the embodiment, the various constituent parts of a engineered cytotoxic
receptor complex can be delivered to an NK cell in a single vector or by multiple vectors. Thus,
as shown schematically, in the Figures, a construct can be encoded by a single polynucleotide, but

also include a cleavage site, such that downstream elements of the constructs are expressed by the
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cells as a separate protein (as is the case in some embodiments with IL-15). In several
embodiments, a T2A cleavage site is used. In several embodiments, a T2A cleavage site has the
nucleic acid sequence of SEQ ID NO. 38. 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. 38.

Signaling Domains

[0089] In several embodiments, signaling is provided through 4-1BB (also known as
CD137 and tumor necrosis factor receptor superfamily member 9 (TNFRSF 9)). While 4-1BB has
a natural role as a stimulatory molecule for activated T cells (e.g., crosslinking of 4-1BB enhances
T cell proliferation and cytolytic activity), as disclosed herein, several embodiments leverage the
function of 4-1BB activity with NK cells. In several embodiments, 4-1BB has the sequence of
SEQ ID NO. 31. 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. 31. In several embodiments, 4-1BB is the sole
signaling domain. In several embodiments, however, enhanced signaling is achieved through the
use of multiple signaling domains whose activities act synergistically.

[0090] In several embodiments, the NK cells engineered according to several
embodiments disclosed herein comprise at least one subunit of the CD3 T cell receptor complex
(or a fragment thereof). In several embodiments, the signaling domain comprises the CD3 zeta
subunit. In several embodiments, the CD3 zeta has the sequence of SEQ ID NO. 32. In several
embodiments, the 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. 32.

[0091] In several embodiments, the CD3 zeta is mutated (e.g., amino acid mutations,
insertions, or deletions) such that the domain no longer includes a canonical immunoreceptor
tyrosine-based activation motif (ITAM) motif. In some embodiments, the resultant engineered
NK cells exhibit particularly enhanced cytotoxicity against target cells, with limited or reduced
adverse side effects. In several embodiments, the signaling domain comprises a non-ITAM CD3
zeta subunit. In several embodiments, the non-ITAM CD3 zeta has the sequence of SEQ ID NO.

33. In several embodiments, the non-ITAM CD?3 zeta can be truncated or modified, such that it is
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at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least 95% homologous with
the non-ITAM CD3 zeta having the sequence of SEQ ID NO. 33.

[0092] This, in several embodiments, results from the synergistic interactions of the
various portions of the cytotoxic receptor complex 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.

[0093] In several embodiments, the signaling domain 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. 35. 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. 35. In several embodiments,
0X40 is used as the sole transmembrane/signaling domain in the construct, however, in several
embodiments, OX40 can be used with one or more other domains. For example, combinations of
CD28, 0OX40, 4-1BB, and/or CD3zeta are used in some embodiments.

[0094] In several embodiments, the signaling domain comprises an NKp80 domain. In
several embodiments the NKp80 domain is an intracellular signaling domain. In several
embodiments, the NKp80 intracellular signaling domain has the sequence of SEQ ID NO. 36. In
several embodiments, the NKp80 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. 36. In several embodiments,
NKp80 is used as the sole transmembrane/signaling domain in the construct, however, in several
embodiments, NKp80 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.

[0095] In several embodiments, the signaling domain comprises a fragment of CD16.
In several embodiments, the fragment of CD16 is an intracellular region of CD16 (CD16 IC). In
several embodiments the CD16 IC domain is an intracellular signaling domain. In several
embodiments, the CD16 IC intracellular signaling domain has the sequence of SEQ ID NO. 37.
In several embodiments, the CD16 IC 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. 37. In several embodiments,
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CD16 IC is used as the sole transmembrane/signaling domain in the construct, however, in several
embodiments, CD16 IC 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.

Cytotoxic Receptor Complex Constructs

[0096] In line with the above, a variety of cytotoxic receptor complexes (also referred
to as cytotoxic receptors) are provided for herein. The expression of these complexes in NK cells
allows the targeting and destruction of particular target cells, such cancerous cells, in particular,
cancerous liver cells. Non-limiting examples of such cytotoxic receptor complexes are discussed
in more detail below.

[0097] In several embodiments, there are provided polynucleotides encoding a
NKG2D/4-1BB/CD3z cytotoxic receptor complex (see Figure 1A, NK45-1). Such receptor
complexes comprise an extracellular domain comprising an NKG2D fragment that binds native
ligands of NKG2D. The construct further comprises an IgG4 hinge and CD8a transmembrane
domain, a 4-1BB subdomain and CD3zeta ITAM subdomain (acting in concert as a signaling
domain) as well as an IL-15 domain (acting as a co-stimulatory domain). In several embodiments,
this cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID NO: 1. In
several embodiments, the cytotoxic receptor complex comprises the amino acid sequence of SEQ
ID NO: 2. As schematically depicted the construct includes IL-15, which in several embodiments,
renders the NK cells expressing this construct particularly efficacious against target tumor cells.
It shall be appreciated that the IL-15 can, in accordance with several embodiments, be encoded on
a separate construct. In some embodiments, the sequence of the cytotoxic receptor complex may
vary from SEQ ID NO. 1, 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. 1.
Additionally, as indicated above, different extracellular domains may also be used, such as for
example, that of SEQ ID NO. 23 or 25, as non-limiting examples.

[0098] In several embodiments, there are provided polynucleotides encoding a
NKG2D/CD28/CD3z cytotoxic receptor complex (see Figure 1B, NK45-2). Such receptor
complexes comprise an extracellular domain comprising an NKG2D fragment that binds native
ligands of NKG2D. The construct further comprises a CD8a hinge and a CD28 transmembrane

domain, a CD28 signaling subdomain and CD3zeta ITAM subdomain (acting in concert as a
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signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain). In several
embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID
NO: 3. In several embodiments, the cytotoxic receptor complex comprises the amino acid sequence
of SEQ ID NO: 4. As schematically depicted the construct includes IL-15, which in several
embodiments, renders the NK cells expressing this construct particularly efficacious against target
tumor cells. It shall be appreciated that the IL-15 can, in accordance with several embodiments,
be encoded on a separate construct. In some embodiments, the sequence of the cytotoxic receptor
complex may vary from SEQ ID NO. 3, 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. 3. Additionally, as indicated above, different extracellular domains may also be used, such
as for example, that of SEQ ID NO. 23 or 25, as non-limiting examples.

[0099] In several embodiments, there are provided polynucleotides encoding a
NKG2D(SH)/CD28/CD3z cytotoxic receptor complex (see Figure 1C, NK45-3). Such receptor
complexes comprise an extracellular domain comprising an NKG2D fragment that binds native
ligands of NKG2D. The construct further comprises an IgG4 short hinge and a CD28
transmembrane domain, a CD28 signaling subdomain and CD3zeta ITAM subdomain (acting in
concert as a signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain). In
several embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence of
SEQ ID NO: 5. In several embodiments, the cytotoxic receptor complex comprises the amino acid
sequence of SEQ ID NO: 6. As schematically depicted the construct includes IL-15, which in
several embodiments, renders the NK cells expressing this construct particularly efficacious
against target tumor cells. It shall be appreciated that the IL-15 can, in accordance with several
embodiments, be encoded on a separate construct. In some embodiments, the sequence of the
cytotoxic receptor complex may vary from SEQ ID NO. 5, 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. 5. Additionally, as indicated above, different extracellular domains
may also be used, such as for example, that of SEQ ID NO. 23 or 25, as non-limiting examples.

[00100] In several embodiments, there are provided polynucleotides encoding a
NKG2D/OX40/CD3z cytotoxic receptor complex (see Figure 1D, NK45-4). Such receptor
complexes comprise an extracellular domain comprising an NKG2D fragment that binds native

ligands of NKG2D. The construct further comprises a CD8a hinge and a CD8a transmembrane
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domain, an OX40 signaling subdomain and CD3zeta ITAM subdomain (acting in concert as a
signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain). In several
embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID
NO: 7. In several embodiments, the cytotoxic receptor complex comprises the amino acid sequence
of SEQ ID NO: 8. As schematically depicted the construct includes IL-15, which in several
embodiments, renders the NK cells expressing this construct particularly efficacious against target
tumor cells. It shall be appreciated that the IL-15 can, in accordance with several embodiments,
be encoded on a separate construct. In some embodiments, the sequence of the cytotoxic receptor
complex may vary from SEQ ID NO. 7, 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. 7. Additionally, as indicated above, different extracellular domains may also be used, such
as for example, that of SEQ ID NO. 23 or 25, as non-limiting examples.

[00101] In several embodiments, there are provided polynucleotides encoding a
NKG2D(SH)/OX40/CD3z cytotoxic receptor complex (see Figure 1E, NK45-5). Such receptor
complexes comprise an extracellular domain comprising an NKG2D fragment that binds native
ligands of NKG2D. The construct further comprises an IgG4 short hinge and a CD8a
transmembrane domain, an OX40 signaling subdomain and CD3zeta ITAM subdomain (acting in
concert as a signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain). In
several embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence of
SEQ ID NO: 9. In several embodiments, the cytotoxic receptor complex comprises the amino acid
sequence of SEQ ID NO: 10. As schematically depicted the construct includes IL-15, which in
several embodiments, renders the NK cells expressing this construct particularly efficacious
against target tumor cells. It shall be appreciated that the IL-15 can, in accordance with several
embodiments, be encoded on a separate construct. In some embodiments, the sequence of the
cytotoxic receptor complex may vary from SEQ ID NO. 9, 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. 9. Additionally, as indicated above, different extracellular domains
may also be used, such as for example, that of SEQ ID NO. 23 or 25, as non-limiting examples.

[00102] In several embodiments, there are provided polynucleotides encoding a
NKG2D/CD3TM/CD28/CD3z cytotoxic receptor complex (see Figure 1F, NK45-6). Such

receptor complexes comprise an extracellular domain comprising an NKG2D fragment that binds
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native ligands of NKG2D. The construct further comprises a CD8a hinge and a CD3
transmembrane domain, a CD28 signaling subdomain and CD3zeta ITAM subdomain (acting in
concert as a signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain). In
several embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence of
SEQ ID NO: 11. In several embodiments, the cytotoxic receptor complex comprises the amino
acid sequence of SEQ ID NO: 12. As schematically depicted the construct includes IL-15, which
in several embodiments, renders the NK cells expressing this construct particularly efficacious
against target tumor cells. It shall be appreciated that the IL-15 can, in accordance with several
embodiments, be encoded on a separate construct. In some embodiments, the sequence of the
cytotoxic receptor complex may vary from SEQ ID NO. 11, 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. 11. Additionally, as indicated above, different extracellular
domains may also be used, such as for example, that of SEQ ID NO. 23 or 25, as non-limiting
examples.

[00103] In several embodiments, there are provided polynucleotides encoding a
NKG2D/CD28/4-1BB/CD3z cytotoxic receptor complex (see Figure 1G, NK45-7). Such receptor
complexes comprise an extracellular domain comprising an NKG2D fragment that binds native
ligands of NKG2D. The construct further comprises a CD8a hinge and a CD28 transmembrane
domain, a CD28 signaling subdomain, a 4-1BB signaling subdomain and a CD3zeta ITAM
subdomain (acting in concert as a signaling domain) as well as an IL-15 domain (acting as a co-
stimulatory domain). In several embodiments, this cytotoxic receptor complex is encoded by the
nucleic acid sequence of SEQ ID NO: 13. In several embodiments, the cytotoxic receptor complex
comprises the amino acid sequence of SEQ ID NO: 14. As schematically depicted the construct
includes IL-15, which in several embodiments, renders the NK cells expressing this construct
particularly efficacious against target tumor cells. It shall be appreciated that the IL-15 can, in
accordance with several embodiments, be encoded on a separate construct. In some embodiments,
the sequence of the cytotoxic receptor complex may vary from SEQ ID NO. 13, 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. 13. Additionally, as indicated above, different
extracellular domains may also be used, such as for example, that of SEQ ID NO. 23 or 25, as non-

limiting examples.
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[00104] In several embodiments, there are provided polynucleotides encoding a
NKG2D/CD8TM/4-1BB/CD3z cytotoxic receptor complex (see Figure 2A, NK26-8). Such
receptor complexes comprise an extracellular domain comprising an NKG2D fragment that binds
native ligands of NKG2D. The construct further comprises a CD8a hinge and a CD8a
transmembrane domain, a 4-1BB signaling subdomain and CD3zeta ITAM subdomain (acting in
concert as a signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain). In
several embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence of
SEQ ID NO: 15. In several embodiments, the cytotoxic receptor complex comprises the amino
acid sequence of SEQ ID NO: 16. As schematically depicted the construct includes IL-15, which
in several embodiments, renders the NK cells expressing this construct particularly efficacious
against target tumor cells. It shall be appreciated that the IL-15 can, in accordance with several
embodiments, be encoded on a separate construct. In some embodiments, the sequence of the
cytotoxic receptor complex may vary from SEQ ID NO. 15, 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. 15. Additionally, as indicated above, different extracellular
domains may also be used, such as for example, that of SEQ ID NO. 23 or 25, as non-limiting
examples.

[00105] In several embodiments, there are provided polynucleotides encoding a
NKG2D/CD3TM/4-1BB/CD3z(neg) cytotoxic receptor complex (see Figure 2B, NK39-5). Such
receptor complexes comprise an extracellular domain comprising an NKG2D fragment that binds
native ligands of NKG2D. The construct further comprises a CD8a hinge and a CD3
transmembrane domain, a 4-1BB signaling subdomain and non-ITAM CD3zeta subdomain (acting
in concert as a signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain).
In several embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence
of SEQ ID NO: 17. In several embodiments, the cytotoxic receptor complex comprises the amino
acid sequence of SEQ ID NO: 18. As schematically depicted the construct includes IL-15, which
in several embodiments, renders the NK cells expressing this construct particularly efficacious
against target tumor cells. It shall be appreciated that the IL-15 can, in accordance with several
embodiments, be encoded on a separate construct. In some embodiments, the sequence of the
cytotoxic receptor complex may vary from SEQ ID NO. 18, 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%
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homologous with SEQ ID NO. 18. Additionally, as indicated above, different extracellular
domains may also be used, such as for example, that of SEQ ID NO. 23 or 25, as non-limiting
examples.

[00106] In several embodiments, there are provided polynucleotides encoding a
NKG2D/CD3TM/4-1BB/NKp80 cytotoxic receptor complex (see Figure 2C, NK39-6). Such
receptor complexes comprise an extracellular domain comprising an NKG2D fragment that binds
native ligands of NKG2D. The construct further comprises a CD8a hinge and a CD3
transmembrane domain, a 4-1BB signaling subdomain and an NKp80 signaling subdomain (acting
in concert as a signaling domain) as well as an IL-15 domain (acting as a co-stimulatory domain).
In several embodiments, this cytotoxic receptor complex is encoded by the nucleic acid sequence
of SEQ ID NO: 19. In several embodiments, the cytotoxic receptor complex comprises the amino
acid sequence of SEQ ID NO: 20. As schematically depicted the construct includes IL-15, which
in several embodiments, renders the NK cells expressing this construct particularly efficacious
against target tumor cells. It shall be appreciated that the IL-15 can, in accordance with several
embodiments, be encoded on a separate construct. In some embodiments, the sequence of the
cytotoxic receptor complex may vary from SEQ ID NO. 19, 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. 19. Additionally, as indicated above, different extracellular
domains may also be used, such as for example, that of SEQ ID NO. 23 or 25, as non-limiting
examples.

[00107] In several embodiments, there are provided polynucleotides encoding a
NKG2D/CD3TM/CD16IC/4-1BB cytotoxic receptor complex (see Figure 2D, NK39-10). Such
receptor complexes comprise an extracellular domain comprising an NKG2D fragment that binds
native ligands of NKG2D. The construct further comprises a CD8a hinge and a CD3
transmembrane domain, CD16 intracellular signaling subdomain and a 4-1BB signaling
subdomain and an NKp80 signaling subdomain (acting in concert as a signaling domain) as well
as an IL-15 domain (acting as a co-stimulatory domain). In several embodiments, this cytotoxic
receptor complex is encoded by the nucleic acid sequence of SEQ ID NO: 21. In several
embodiments, the cytotoxic receptor complex comprises the amino acid sequence of SEQ ID NO:
22. As schematically depicted the construct includes IL-15, which in several embodiments,

renders the NK cells expressing this construct particularly efficacious against target tumor cells.
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It shall be appreciated that the IL-15 can, in accordance with several embodiments, be encoded on
a separate construct. In some embodiments, the sequence of the cytotoxic receptor complex may
vary from SEQ ID NO. 21, 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. 21.
Additionally, as indicated above, different extracellular domains may also be used, such as for
example, that of SEQ ID NO. 23 or 25, as non-limiting examples.

[00108] 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
cytotoxic receptor complex, while maintaining the ability to impart cytotoxic effects against a
target cell. In addition, any of the polynucleotides disclosed herein may also optionally include
codon-optimized nucleotide sequences for all or a portion of the various constituent domains of a
cytotoxic receptor complex. 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.

[00109] The polynucleotides encoding the cytotoxic receptor complexes described
herein may be inserted into vectors to achieve expression in NK cells. In one embodiment, the
polynucleotide is operably linked to at least one regulatory element for the expression of the
cytotoxic receptor complex (e.g., a promoter). In specific embodiments, transcriptional regulatory
elements are used, for example an internal ribosome entry site (IRES) or enhancer element, to
direct the transcription of the cytotoxic receptor complex. In some embodiments, the
polynucleotide comprises one or more cytosolic protease cleavage sites, as discussed herein.
Depending on the embodiment, the various constituent parts of a cytotoxic receptor complex can
be delivered to an NK cell in a single, or multiple, vectors. 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. 42) is used. Also available are other tag sequences, such as a
polyhistidine tag (His-tag) (HHHHHH, SEQ ID NO. 43), HA-tag or myc-tag (EQKLISEEDL;
SEQ ID NO: 44). 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
cytotoxic receptor complex.

[00110] In several embodiments, the polynucleotide encoding the cytotoxic receptor

complex is an mRNA that may be introduced into NK cells, for example, by electroporation. In
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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. In several embodiments, non-HIV-derived
retroviruses are used. Alternatively, plasmids, phagemids, cosmids, viral vectors, phage, artificial
chromosomes could be used.

[00111] In one embodiment, the cytotoxic receptor complexes are transiently expressed
in the NK cells. In another embodiment, the cytotoxic receptor complex 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.

Administration and Dosing

[00112]  Further provided herein are methods of treating a subject having cancer, and in
particular hepatocellular carcinoma, comprising administering to the subject a composition
comprising NK cells engineered to express a cytotoxic receptor complex as disclosed herein. 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: (i)
reduction or amelioration the severity of disease or symptom associated therewith; (ii) reduction
in the duration of a symptom associated with a disease; (ii1) 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; (x1) an enhancement, improvement, supplementation, complementation, or augmentation
of the prophylactic or therapeutic effect(s) of another therapy.

[00113] 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. In several embodiments, administration is locally achieved to the
liver through injection to, for example, the intra-hepatic artery. In additional embodiments,

administration is local to accomplish treatment to other organs. For example, in several
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embodiments, compositions disclosed herein are administered to treat ovarian cancer. In some
embodiments, such treatment is done via intraperitoneal administration. 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°-107, 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 108 cells/kg.
Doses may also be determined, at least in part, by a desired effector:target ratio. In several
embodiments, the dose can yield an effector:target ratio of about 100:1, about 50:1, about 25:1
10:1, about 5:1, about 3:1, about 2:1, about 1:1, about 1:2, about 1:5, about 1:10, about 1:25, about
1:50, about 1:100, or other ratios therebetween (including endpoints). Depending on the
embodiment, various types of cancer can be treated. In several embodiments, hepatocellular
carcinoma is treated. Additional 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), 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, glioblastoma,
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, liver dominant metastatic colorectal cancer,
cholangiocarcinoma, 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.

[00114] 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.
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1-44 and that also exhibit one or more of the functions as compared with the respective SEQ 1D
NOS. 1-44: including but not limited to, (i) enhanced proliferation, (ii) enhanced activation, (iii)
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 CCLYS), (vii) enhanced ability to stimulate further innate and adaptive immune
responses, and (viii) combinations thereof.

[00115] 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.

[00116] In several embodiments, polynucleotides encoding the disclosed cytotoxic
receptor complexes are mRNA. In some embodiments, the polynucleotide is DNA. In some
embodiments, the polynucleotide is operably linked to at least one regulatory element for the
expression of the cytotoxic receptor complex.

[00117] 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 cytotoxic receptor complex. In several embodiments, the vector is a retrovirus.

[00118] Further provided herein are engineered natural killer cells comprising the
polynucleotide, vector, or cytotoxic receptor complexes as disclosed herein. In several
embodiments, these NK cells are suitable for local delivery to a tumor site, such as the liver, for
the treatment of prevention of disease, such as, hepatocellular carcinoma.

[00119] Additionally provided is a method for treating a liver tumor, the method
comprising administering to a patient with a liver tumor a composition comprising a population of
natural killer (NK) cells engineered to express a cytotoxic receptor complex, wherein the cytotoxic
receptor complex comprises an extracellular domain that binds a ligand of a Natural Killer Group

2D (NKG2D) receptor, wherein the ligand of NKG2D is selected from MICA, MICB, ULBPI,
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ULBP2, ULBP3, ULBP4, ULBP5, ULBP6, and combinations thereof, wherein the extracellular
domain is encoded by at least a portion of the polynucleotide of SEQ ID NO. 23, and a cytotoxic
signaling complex comprising a transmembrane domain, a co-stimulatory domain, and a signaling
domain, and wherein the administration comprises an injection into the intra-hepatic artery of the
patient. In several embodiments, the composition comprises between about 107 and about 101 NK
cells. In several embodiments, the method further comprises administering to the patient IL-2. In
several embodiments, the signaling domain of the cytotoxic signaling complex comprises a
CD3zeta domain and wherein the extracellular domain is encoded by the polynucleotide of SEQ
ID NO. 24. In several embodiments, the CD3zeta domain comprises at least one immunoreceptor
tyrosine-based activation motif (ITAM) motif. In several embodiments, the signaling domain of
the cytotoxic signaling complex further comprises an OX40 domain. In several embodiments, the
signaling domain of the cytotoxic signaling complex further comprises a4-1BB domain. In several
embodiments, the signaling domain of the cytotoxic signaling complex further comprises a CD28
domain. In several embodiments, the signaling domain of the cytotoxic signaling complex further
comprises an NKp80 domain.

[00120] Additionally provided is a method for treating hepatocellular carcinoma, the
method comprising administering to a patient with a hepatocellular carcinoma a composition
comprising a population of natural killer (NK) cells engineered to express a cytotoxic receptor
complex, wherein the cytotoxic receptor complex comprises an extracellular domain coupled to a
transmembrane domain, the transmembrane domain further coupled to a signaling domain,
wherein the extracellular domain comprises a fragment of a Natural Killer Group 2D (NKG2D)
receptor, wherein the fragment the NKG2D receptor has at least 95% sequence identity to the
NKG2D receptor fragment encoded by the polynucleotide of SEQ ID NO. 24, and wherein the
administration comprises an injection into the intra-hepatic artery of the patient. In several
embodiments, the cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID
NO. 1. In several embodiments, the cytotoxic receptor complex has the amino acid sequence of
SEQ ID NO. 2. In several embodiments, the cytotoxic receptor complex is encoded by the nucleic
acid sequence of SEQ ID NO. 3. In several embodiments, the cytotoxic receptor complex has the
amino acid sequence of SEQ ID NO. 4. In several embodiments, the cytotoxic receptor complex
is encoded by the nucleic acid sequence of SEQ ID NO. 5. In several embodiments, the cytotoxic

receptor complex has the amino acid sequence of SEQ ID NO. 6. In several embodiments, the
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cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID NO. 7. In several
embodiments, the cytotoxic receptor complex has the amino acid sequence of SEQ ID NO. 8. In
several embodiments, the cytotoxic receptor complex is encoded by the nucleic acid sequence of
SEQ ID NO. 9. In several embodiments, the cytotoxic receptor complex has the amino acid
sequence of SEQ ID NO. 10. In several embodiments, the cytotoxic receptor complex is encoded
by the nucleic acid sequence of SEQ ID NO. 11. In several embodiments, the cytotoxic receptor
complex has the amino acid sequence of SEQ ID NO. 12. In several embodiments, the cytotoxic
receptor complex is encoded by the nucleic acid sequence of SEQ ID NO. 13. In several
embodiments, the cytotoxic receptor complex has the amino acid sequence of SEQ ID NO. 14. In
several embodiments, cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ
ID NO. 15. In several embodiments, the cytotoxic receptor complex has the amino acid sequence
of SEQ ID NO. 16. In several embodiments, the cytotoxic receptor complex is encoded by the
nucleic acid sequence of SEQ ID NO. 17. In several embodiments, the cytotoxic receptor complex
has the amino acid sequence of SEQ ID NO. 18. In several embodiments, the cytotoxic receptor
complex is encoded by the nucleic acid sequence of SEQ ID NO. 19. In several embodiments, the
cytotoxic receptor complex has the amino acid sequence of SEQ ID NO. 20. In several
embodiments, the cytotoxic receptor complex is encoded by the nucleic acid sequence of SEQ ID
NO. 21. In several embodiments, the cytotoxic receptor complex has the amino acid sequence of
SEQ ID NO. 22. In several embodiments, the injection into the intra-hepatic artery of the patient
is a percutaneous injection. In several embodiments, the NK cells are autologous to the patient.
In several embodiments, the method further comprises administering IL-2. In several
embodiments, the method further comprises administering an additional anti-cancer agent. In
several embodiments, the additional anti-cancer agent is a tyrosine kinase inhibitor. In several
embodiments, the tyrosine kinase inhibitor is selected from the group consisting of sorafenib,
nilotinib, imantinib, gefitinib, erlotinib, sunitinib, adavosertib, lapatinib, and combinations thereof.

[00121] Additionally provided is a method for treating a primary liver tumor, the
method comprising administering to a patient with a hepatocellular carcinoma a composition
comprising a population of natural killer (NK) cells engineered to express a cytotoxic receptor
complex, wherein the cytotoxic receptor complex comprises an extracellular domain coupled to a
transmembrane domain, the transmembrane domain further coupled to a signaling domain,

wherein the extracellular domain comprises a fragment of a Natural Killer Group 2D (NKG2D)
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receptor, wherein the cytotoxic receptor complex comprises an amino acid sequence at least 90%
identical in sequence to SEQ ID NO: §; and administering at least one additional anti-cancer agent
prior to, concurrent with, or after the population of NK cells is administered, wherein the additional
anti-cancer agent is sorafenib, nilotinib, imantinib, gefitinib, erlotinib, sunitinib, adavosertib,
lapatinib, and combinations thereof.

[00122] Additionally provided is a system for combination therapy for treating a
primary liver tumor, comprising a composition comprising a population of natural killer (NK) cells
engineered to express a cytotoxic receptor complex, wherein the cytotoxic receptor complex
comprises an extracellular domain coupled to a transmembrane domain, the transmembrane
domain further coupled to a signaling domain, wherein the extracellular domain comprises a
fragment of a Natural Killer Group 2D (NKG2D) receptor, wherein the cytotoxic receptor complex
comprises an amino acid sequence at least 90% identical in sequence to SEQ ID NO: §; and at
least one additional anti-cancer agent, wherein the additional anti-cancer agent is sorafenib,
nilotinib, imantinib, gefitinib, erlotinib, sunitinib, adavosertib, lapatinib, and combinations thereof,
and wherein the additional anti-cancer agent is configured for administration to a subject with a
primary liver tumor prior to, concurrent with, or after the population of NK cells is administered.

[00123] Additionally provided is a composition or method of treatment according to
any one of the embodiments described herein.

[00124] Additionally provided is a composition or use thereof in treating tumors in
the liver or other organs according to any one of the embodiments described herein.

[00125] Additionally provided is a composition or method of treatment according to
any one of the embodiments described herein wherein engineered NK cells exhibit at least a 3-fold
increase in cytotoxicity as compared to native NK cells.

[00126] Additionally provided is a composition or use thereof in treating tumors in
the liver or other organs according to any one of the embodiments described herein, wherein
engineered NK cells exhibit at least a 3-fold increase in cytotoxicity as compared to native NK
cells.

[00127] Additionally provided is a method for treating a tumor, the method
comprising accessing a blood supply vessel of a patient with a tumor, wherein the tumor receives
at least a portion of its blood supply via the blood supply vessel, and administering a population

of natural killer (NK) cells engineered to express a cytotoxic receptor complex, wherein the
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cytotoxic receptor complex comprises a functional fragment of a C-type lectin-like receptor, and
a cytotoxic signaling complex comprising a transmembrane domain, a co-stimulatory domain, and
a signaling domain, and wherein the C-type lectin-like receptor comprises a Natural Killer Group
2D (NKG2D) receptor, wherein the functional fragment of the C-type lectin-like receptor
comprises SEQ ID NO. 24, wherein the engineered NK cells exhibit at least a 3-fold increase in
potency against a tumor cell as compared to non-engineered NK cells; and administering at least
one additional anti-cancer agent prior to, concurrent with, or after the population of NK cells is
administered. In several embodiments, the additional anti-cancer agent is a tyrosine kinase
inhibitor. In several embodiments, the additional anti-cancer agent is Sorafenib, nilotinib,
imantinib, gefitinib, erlotinib, sunitinib, adavosertib, lapatinib, and combinations thereof. In
several embodiments, the signaling domain of the cytotoxic signaling complex comprises an OX40

domain.

EXAMPLES

[00128] The methods and materials described below are non-limiting examples of
methods and materials that can be used in accordance with the embodiments disclosed herein.

Hepatocellular Carcinoma

Background:

[00129] Natural killer (NK) cells offer an alternative, or a supplement in several
embodiments, to T cells for cellular immunotherapy, as they are not HLA-restricted, and are
therefore suitable for allogeneic off-the-shelf use. Expanded NK cells can be engineered to express
chimeric receptors to further improve their cytotoxicity against both hematopoietic and solid
tumors. In healthy humans, a high proportion of intrahepatic lymphocytes are NK cells, and for
cases of hepatocellular carcinoma (HCC), infiltration of CD56+ NK cells positively correlates with
cell apoptosis and patient survival. Multiple ligands of the natural killer group 2D (NKG2D)
receptor are highly expressed in HCC tissues, but at low levels on healthy tissues, making NKG2D
an attractive candidate for NK cell engineering to target HCC. Engineered NK cells according to
several embodiments disclosed herein, collectively referred to as NKX101, are engineered to
express an NKG2D chimeric receptor can improve their cytotoxicity against HCC cells, enhance
pro-inflammatory cytokine response, and control tumor burden. Additional experiments were

performed related to primary liver metastases pursuant to colorectal cancer.
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Materials and Methods:

[00130] NK cells from peripheral blood mononuclear cells were expanded using co-
culture with irradiated K562-mbIL15-41BBL stimulatory cells. Non-limiting examples of such
cells are provided in US Patent No. 7435596 or 8026097, each of which are incorporated in their
entirety by reference herein. In several embodiments, further modifications, such as those
disclosed in PCT Application No. PCT/SG2018/050138  (incorporated 1in its entirety by
reference herein), are used. NKX101 cells were generated by transduction with a bicistronic virus
encoding NKG2D, an intracellular OX40 costimulatory domain, CD3( signaling domain, and
membrane-bound IL-15, which supports prolonged cell survival and proliferation. As discussed
herein, NKX101 refers not only to the specific construct utilized in this non-limiting example, but
also to other cytotoxic receptor constructs disclosed herein. NKX101 NK cell pro-inflammatory
cytokine release in response to 24 hr co-culture with HCC cell lines at a 1:1 ratio was analyzed by
Luminex. The in vitro cytotoxicity of NKX101 NK cells at 4, 24 and 48 hr endpoints was measured
using a panel of HCC cell lines engineered to express luciferase. In vivo activity of NKX101 NK
cells was evaluated using an NSG mouse xenograft tumor model in which intraperitoneal (IP)
injection of 4 x 10° luciferase expressing SNU449 HCC cells was followed one week later with IP
administration of 3 x 10° NKX101 NK cells or unmodified NK cells (NT NK), and tumor growth
was measured using IVIS bioluminescence imaging. Combination with a sub-EC50 concentration
of the kinase inhibitor Sorafenib (used here as a non-limiting example of an additional anti-cancer
agent), an approved agent for HCC, was tested for additive cytotoxic effect with at low E:T ratios
of NKX101 NK cells in vitro at 48 hrs. Expression of NKG2D ligands was assessed by flow
cytometry and analyzed for linear correlation with NKX101 NK cell cytotoxicity across a panel of
HCC cell lines.

Results:

[00131] In brief, the results demonstrate that NKX101 NK cells have dramatically
improved cytotoxicity versus NT NK cells (NT NK) against a panel of HCC cell lines in vitro. Co-
culture of NKX101 NK cells with HCC cell lines was shown to enhance pro-inflammatory
cytokine release. In an in vivo NSG mouse xenograft HCC model, NKX101 NK cells provided
complete tumor clearance in 4/5 mice, in contrast to stable control by NT NKs. Combination with
the kinase inhibitor Sorafenib provided additive effect with NKX101 NK cells in vitro. High

expression of NKG2D ligands was observed by flow cytometry, and while no individual ligand
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demonstrated a significant correlation with NKX101 NK cell cytotoxicity, in several embodiments
an agent is developed that can identify NKG2D ligand expression and correlate that expression
with susceptibility to the cytotoxic effects from NKX101 NK cells.

[00132] In greater detail, in order to assess the ability of various engineered NK cells as
disclosed herein, several experiments were undertaken to assess the efficacy of the cells in an in
vitro setting against hepatocellular carcinoma cell lines, in an in vivo animal model. Additional
experiments relate to assessing the efficacy of engineered NK cells as disclosed herein when used
in combination with another anti-cancer agent, with the TKI inhibitor Sorafenib as a non-limiting
example of such an agent. Figures 3A-3B depict data related to the expression of various indicators
of cytotoxicity after exposing HCC cells to native NK cells or engineered NK cells according to
embodiments disclosed herein. In the non-limiting examples discussed hereafter, the designation
of NKX101 refers to an engineered NK cell that expresses a truncated NKG2D extracellular
domain capable of binding ligands of the NKG2D receptor. In several embodiments the truncated
NKG2D domain is coupled to a CD8alpha hinge and CD8alpha TM domain. In several
embodiments, the truncated NKG2D domain is coupled to an OX40 co-stimulatory domain and a
CD3zeta signaling domain. In several embodiments, the construct further comprises membrane
bound IL15. In several embodiments, the NKX101 has the nucleotide sequence of SEQ ID NO:
7 or the amino acid sequence set forth in SEQ ID NO: 8. However, in several embodiments other
NKG2D constructs as disclosed herein (all NKG2D constructs are collectively referred to as
NKX101 NK cells) operate in similar fashion and produce similar results to those discussed below.
As disclosed herein in several embodiments, nucleotides or amino acid sequences having ~85%,
90%, 95% or more sequence homology with SEQ ID 7 or 8 (or any other construct disclosed
herein) are cytotoxic against HCC cells.

[00133] Returning to Figure 3, Panels 3A-3C depict the concentration of various
cytokines from the supernatant of a co-culture of the indicated HCC cell lines with either non-
transduced NK cells (NT NK) or NKX101, at a 1:1 effector:target ratio. As shown, the co-culture
of HCC cells with NKX101 induces greater expression of various cytokines that are indicative of
cytotoxic signaling from the NKX101 NK cells. For example, in co-culture of Hep3b cells with
NKX101 NK cells, there is a much greater concentration of IFNg in the supernatant as compared
to with NT NK cells. This indicates that the NKX101 NK cells have enhanced secretion of

immunostimulatory cytokines and chemokines. In several embodiments, cytokines and
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chemokines other than those measured here are secreted at greater levels (e.g., IL-22, CCL3,
CCLA4, and/or CCLS5).

[00134] Figured 4A-4] depict data related to the degree of cytotoxicity induced by
engineered NK cells as disclosed herein (NKX101 NK cells) against nine different HCC cell lines
at the indicated effector:target ratios. Figures 4A-41 depict the data for each HCC line, as %
cytotoxicity. By way of example, Figure 4A indicates that at a 2:1 effector:target ratio, NKX101
NK cells induce cytotoxicity in nearly 100% of the Hep3b cells in co-culture. As the E:T ratio is
dropped to 1:1, the effects are reduced to about 90% cytotoxicity, and at 1:2 E:T, NKX101 is still
able to kill ~75% of the target cells. At each of the E:T ratios, the NKX101 NK cells kill much
more than the NT NK cells, which induce cytotoxicity in about 20% of the Hep3b cells in co-
culture. Each of the other HCC cell lines exhibited a greater sensitivity to NKX101 cells as
compared to NT NK cells at almost all E:T ratios. At 1:2 E:T, HuH-7 cells react approximately
equivalently to NKX101 NK cells and NT NK cells. However, in several embodiments, an adjunct
agent can be used to enhance the effects of NKX101 (described below). Figure 4] depicts a
summary of the resistance (lack of sensitivity) of the HCC cells to NKX101. These data
demonstrated that at the lowed E:T tested, the majority of the HCC cells were still subject to
NKX101-induced cytotoxicity to some degree.

[00135] Figures 4K-4S depict additional data related to the degree of cytotoxicity of
engineered NK cells from two additional donors against nine different hepatocellular carcinoma
cell lines. Data are shown for both engineered NK cells that express an NKG2D chimeric receptor
as disclosed herein (labeled NKX101 plus the donor number) and for non-transduced NK cells
from the corresponding donor. As shown in Figure 4K, NK cells engineered to express NKX101
exhibited substantial cytotoxic effects against Hep3b cells, even at an effector:target ratio of 1:2.
At that ratio, both sets of cells achieved approximately 70-75% cytotoxicity. As the ratio of the
effector cells to target cells with increased, corresponding increases in cytotoxicity were observed,
with approximately 80%-90% at a 1:1 ratio, and nearly 100% cytotoxicity at a 2:1 ratio. While
the percent cytotoxicity at each effector:target ratio varied across the other eight hepatocellular
carcinoma cell lines, the overall pattern to the data indicates that engineered NK cells exhibit
progressively higher degrees of cytotoxicity as the effector:target ratio is increased. Moreover,
these data indicate that, according to several embodiments 100% cytotoxicity against the target

cell line can be achieved using engineered NK cells as disclosed herein. Shown in a different way
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in Figures 4T-4BB, the cytotoxic effects of engineered NK cells (and the corresponding on
transduced NK cells from the same donors) are expressed as the percent of control luciferase signal
detected, with a decrease in luciferase detection corresponding to an increase in the cytotoxic
effects on the indicated cell line. Data in these figures is the mean of the two donors shown in
Figures 4K-4S. These summary data further support the conclusion that engineered NK cells
according to embodiments disclosed herein can yield a substantial increase in cytotoxic effects
against a variety of cancer cell lines. Thus, according to several embodiments engineered NK cells
as disclosed herein provide for an effective anticancer therapy. In some embodiments, as disclosed
in more detail herein, use of engineered NK cells in conjunction with an additional anticancer
agent leads to a synergistic cytotoxic impact on target cells and unexpectedly further enhances the
ability to treat tumors, in particular solid tumors such as those in the liver due to hepatocellular
carcinoma (or another liver cancer) or even for distant tumor types that have primary metastases
in the liver (such as, for example colorectal cancer).

[00136] Figure 5 depicts a schematic timeline for an in vivo tumor modeling experiment.
Mice received an injection of 4x10% HCC cells (specifically SNU449 cells expressing firefly
luciferase). Eight days later, 3x10° NK cells (either NT NK cells or NKX101 NK cells) were
delivered by IP injection. Bioluminescent imaging was performed every 7 days thereafter to assess
tumor burden. Figures 6A-6F show the results of the in vivo tumor burden experiment. Figure
6A shows the bioluminescent imaging for mice receiving a PBS control. As depicted, significant
tumor burden was present after 7 days, with nearly consistent tumor growth in all animals. Figure
6D depicts the intensity of the bioluminescent imaging signal over time. Figure 6B shows the
same data for animals receiving unmodified NKs. In contrast to PBS, unmodified NKs appeared
to hold tumor burden relatively steady over time — avoiding the increase seen in PBS-treated
animals, but without significant reduction (see also 6E). Figure 6F shows the same data for animals
treated with NKX101 NK cells. In stark contrast to even native NK cells, tumor burden was
sharply reduce as early as 14 days post-NKX101 delivery. Tumor burden approached zero in 4 of
the 5 mice shown in 6C. These data are reflected in Figure 6F as well. These results demonstrate
a significant anti-tumor effect induced by NKX101 NK cells.

[00137] Asdiscussed herein, according to several embodiments, one or more additional
anti-cancer agents can be administered in conjunction with engineered NK cells disclosed herein.

In several embodiments, the multiple mechanisms of action at play result in a synergistic effect
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(e.g., reduction in tumor burden, tumor growth rate, tumor cell persistence etc.). In other words,
in several embodiments the use of engineered NK cells with an additional anti-cancer agent yield
unexpectedly enhanced anti-cancer effects. By way of non-limiting example, one such additional
anti-cancer agent that can be used in conjunction with engineered NK cells are tyrosine kinase
inhibitors. Sorafenib is a small molecule which inhibits Raf-1, B-Raf and VEGFR-2 signaling
pathways, and is presently widely used as a front-line therapy for hepatocellular carcinoma.
Figure 7A, shows data related to a dose-response curve to calculate the EC50 of sorafenib against
the indicated hepatocellular carcinoma cell lines. EC50 values are shown in Figure 7B. Sensitivity
of the various hepatocellular carcinoma cell lines 2 sorafenib varied, with Huh-7 being the most
sensitive and requiring a sorafenib concentration of 7.955 micromolar to achieve 50% cytotoxicity.
On the other end of the spectrum, SNU-387 cells required 29.45 micromolar sorafenib in order to
achieve 50% cytotoxicity. Figure 7C-7E depict data related to the use of sorafenib with engineered
NK cells. Shown are data for the indicated HCC cells where they were treated without NK cells
(Sorafenib control) and either NK cells alone, NK cells with the TKI Sorafenib, NKX101 NK
cells, or NKX101 NK cells with Sorafenib. These data indicate that, despite the significant
cytotoxic effects of NKX101 NK cells discussed above, administration with an additional anti-
cancer agent such as a TK inhibitor like Sorafenib can still increase cytotoxic effects. As indicated
the NKX101 with Sorafenib allowed for greater cytotoxicity as compared to NKX101 NK cells,
notably even at the lower E:T ratios. The cytotoxic effects were greater than NK cells alone
(lowest trace in each graph), and even outpaced those seen with NK cells plus Sorafenib. In several
embodiments, such combination therapy allows for synergistic anti-cancer effects and an improved
outcome for patients.

[00138] Figure 8 A-8a depicts the expression of various NKG2D ligands on the indicated
HCC cells. Figure 9 relates to the potential correlation between the degree of expression of the
indicated ligand of NKG2D with the corresponding Percent of Control (untreated HCC cells) for
each of the 9 HCC lines tested. Figure 10A-10G relate to experiments to develop reagent that
functions to identify when an NKG2D ligand is overexpressed. The NKG2D receptor was fused
with the Fc region of IgG. The binding of this fusion to the various HCC cells was measured by
flow cytometry (Figure 10A) and also by way of an antibody against the Fc region (10B). This
approach would allow a tagging of cells with elevated expression of one of the NKG2D ligands to
be identified (the NKG2D portion of the fusion binds the ligand, and the Fc portion serves as a tag
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for detecting the cell to which the fusion is bound). Figures 10C-G show the correlation between
binding/detection of NKG2D-FC and the indicated NKG2D ligand.

[00139] Data were also generated to demonstrate the enhanced potency (e.g.,
cytotoxicity) of engineered NK cells according to embodiments disclosed herein as compared to
native NK cells. Hep3b cells and SNU449 cells (both non-limiting examples of tumor cells) were
engineered to express luciferase. Two separate donors were used, and NK cells were collected.
Native NK cells were not genetically modified, while NKX101 cells were generated through
modification of NK cells such that they express a CAR as disclosed herein. As is disclosed in
several embodiments, in this experiment, NKX101 cells were generated by transduction with a
bicistronic virus encoding NKG2D, an intracellular OX40 costimulatory domain, CD3( signaling
domain, and membrane-bound IL-15, which supports prolonged cell survival and proliferation. It
shall be appreciated that NK cells can be modified with other constructs disclosed herein. Both
sets of cells (NKX101 and unmodified (NT NK) NK cells) were expanded with K562-mbIL15-
41BBL stimulatory cells. Cytotoxicity was evaluated for each NK cell type against Hep3b or
SNU449 cells at various effector:target ratios. ECS50 values were calculated for each of the NT
NK cells and NKX101 (EC50 values were calculated using Prism 4-parameter non-linear
regression analysis.)

[00140]  Figure 11A depicts the EC50 data of NT NK cells and NKX101 against Hep3b
cells. These data confirm that NKX101 cells have enhanced cytotoxicity as compared to
unmodified NK cells, as evidenced from this assay by the smaller number of NKX101 cells
required to achieve 50% cytotoxicity against the Hep3b target cells. In fact, in this assay, NKX101
cells were over 3.5-fold more cytotoxic than NT NK cells. Figure 11B shows similar data
depicting the significantly enhanced cytotoxicity of NKX101 as compared to NT NK cells. Acting
against SNU449 cells, NKX101 was over 4.5-fold more potent. These data demonstrate that, as
disclosed herein according to several embodiments, engineered NK cells have enhanced
cytotoxicity as compared to non-engineered NK cells. Depending on the embodiment, engineered
NK cells are enhanced (e.g., show increased cytotoxicity) relative to native NK cells by about 2-
fold to about 20-fold, including about 2-fold, about 3-fold, about 5 fold, about 8-fold, about 10-
fold, about 15-fold, about 20-fold, or any amount therebetween, including endpoints of the listed

ranges.
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[00141] Figures 12A-12I depict flow cytometry data related to the expression of various
NKG2D ligands on each of nine hepatocellular carcinoma cell lines, as measured by PE conjugated
antibodies (R&D Systems, Minneapolis Minnesota, USA). NKG2D ligand expression as shown
surrounded by a dashed box, of the corresponding isotype controls are shown surrounded by a
solid box. Figures 13A-131 show the comparative data between the antibodies used to generate
the data shown in Figure 12 as compared to those antibodies used to generate the data shown in
Figure 8. Data are shown as the delta in Mean Fluorescence Intensity (dMFI, calculated as the
fluorescent signal for the indicated target minus the background fluorescence from the
corresponding isotype control antibody). While the absolute values for the change in intensity
differed modestly depending on which antibody type was used, across the nine hepatocellular
carcinoma lines, the general pattern of expression of NKG2D ligands was consistent, regardless
of which antibody was used. While certain cell lines, such as SNU-182 and HuH-7 showed
significant expression of several NKG2D ligands, other cell lines, such as He3B and HepG2,
showed limited expression of NKG2D ligands other than MICA/MICB. Across all cell lines the
greatest expression appeared to be in connection with ULBP2/5/6 and MICA/MICB.

[00142] In order to determine whether the expression of any specific NKG2D ligand
was dominant, an experiment was undertaken to identify a correlation between expression of each
individual NKG2D ligand as compared to all NKG2D ligands as a whole. This was accomplished
by evaluating the binding of an NKG2D-Fc fusion antibody that is capable of binding any NKG2D
ligand to hepatocellular carcinoma cells and comparing that to the binding of NKG2D-ligand-
specific antibodies to each of the nine types of hepatocellular carcinoma cells. These data were
then plotted against each other and a regression analysis was performed to identify correlations
and expression. These data are shown in Figures 14A-14F, with expression of total NKG2D
ligands on the Y-axis and the specific indicated NKG2D ligand on the X-axis. Across each of the
six specific NKG2D ligands, as compared to total NKG2D ligand expression, no significant
correlation was identified. This seems consistent with the dMFI values from Figures 12 and 13,
and seems to indicate a relatively high degree of heterogeneity amongst various tumor cell types.
Advantageously however the engineered NK cells as disclosed herein utilize an NKG2D ligand
binding domain that is capable of binding any of the NKG2D ligands. Thus, as opposed to a ligand
specific approach, the more broad-based approach enables therapies using the engineered NK cells

disclosed herein to successfully target and eliminate tumor cells, even when only one particular
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marker is expressed in a robust fashion, or even when there is no singular highly expressed marker,
but rather low levels of expression of several NKG2D ligands.

[00143] Figured 15A-15C show data related to the cytotoxicity of engineered NK cells
against three hepatocellular carcinoma cell lines (Hep3B-luc, Huh-7-luc, and SNU-449-luc). As
discussed above, each of these cell lines expressed various amounts of NKG2D ligands, but there
was not a strong correlation indicating that any of these cell lines express a “dominant” marker.
The data of Figures 15A-15C (using engineered NK cells from the indicated donors or non-
transduced NK cells from the corresponding donor. Donors 1667 and 1668 have data from other
prior experiments shown in earlier figures). Figures 15A-15C show results from a 4 hour
cytotoxicity endpoint assay at E:T ratios of 1:1 and 1:2. As shown in each of Figures 15A-15C,
the engineered NK cells from each donor exhibited enhanced cytotoxicity as compared to the
corresponding non-transduced NK cells at both effector:target ratio is tested. For example, as
shown in Figure 15A, at an E:T of 1:2, the non-transduced NK cells from all three donors showed
essentially no cytotoxic effect against Hep3B cells. While the engineered NK cells from one donor
showed up to about 20% cytotoxicity (NKX101 1668), cells from the other two donors exhibited
about 50% and about 80% cytotoxicity (NKX101 1669 and NKX101 1667, respectively). At an
E:T ratio of 1:1, the non-transduced NK cells showed various degrees of cytotoxicity, with the
most efficacious cells achieving approximately 25% cytotoxicity. With the engineered NK cells,
cytotoxicity was at least 50% (NKX101 1668), with cells from one of the remaining donors
exhibiting over 85% cytotoxicity (NKX101 1169) and the other showing nearly 100% cytotoxicity
(NKX 1667). Similar data pattern is shown for the cytotoxicity of the respective NK cells against
the Huh-7 cell line (Figure 15B), except in this instance each of the engineered NK cells exhibited
nearly 100% cytotoxicity against the hepatocellular carcinoma line. Likewise, similar data is
shown in Figure 15C. Taken together, and in conjunction with the expression data showing
variable NKG2D ligand expression across hepatocellular carcinoma cell lines, these data indicate
that engineered NK cells according to embodiments disclosed herein still exhibit significant degree
of cytotoxicity, despite the variability in ligand expression across target cells. These data therefore
suggest that the engineered NK cells according to several embodiments disclosed herein should be
effective against the anticipated heterogeneous tumor profiles that would be experienced across

hepatocellular carcinoma patient population.
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[00144] Figures 16A-16G relates to data collected when the indicated hepatocellular
carcinoma lines were engineered to express luciferase, as is used to collect data in prior figures.
Each of the indicated cell lines was transduced with a vector encoding the firefly luciferase gene
as well as a CD19 marker that could be used to select for effectively transduced cells. Figures
16A-16F show flow cytometry data related to the degree of expression of CD19 of each of the
engineered cell lines after magnetic activated cell sorting was used to select for transduced cells.
Figure 16G depicts data related to the Relative Light Unit signal detected for each of cell lines
engineered to express firefly luciferase.

[00145] To investigate a possible mechanism of action regarding the sensitivity of
hepatocellular carcinoma cells to sorafenib, the expression of the total population of NKG2D
ligands on each cell line was measured in response to various doses of sorafenib. The total
population of NKG2D ligands was detected through the use of the NKG2D — Fc chimeric antibody.
Figures 17A-17F show the flow cytometry data relating to NKG2D ligand expression. Figures
17G-17L show the corresponding flow cytometry data for expression of programmed death-ligand
1 (PD-L1) by the indicated hepatocellular carcinoma cells. Figures 17M and 17N are line plots
that show the dose-response to the indicated doses of sorafenib in each of the cell lines tested. The
data shown in Figure17M indicate that, at least at the doses tested, and the level of total NKG2D
expression, sorafenib does not appear to have a substantial impact on the NKG2D ligand
expression. Individual NKG2D ligands may have greater or lesser degrees of responsiveness to
sorafenib treatment, which would not necessarily be identifiable based on this particular assay.
Similarly, Figure 17N does not reveal a clear pattern in expression change of PD-L1 in response
to sorafenib, though the data appear to suggest that at certain concentrations (e.g., 10 micromolar
sorafenib) many of the cell lines show an increase in PD-L1 expression.

[00146] A similar investigation was undertaken with respect to determining the impact
of interferon gamma on the expression of the total pool of NKG2D ligands as well as PD-L1.
Interferon gamma is one of the inflammatory cytokines secreted by NK cells once activated, and
thus plays a role in the cytotoxic effect of NK cells against the target. Figures 18A-18I show the
flow cytometry data related to NKG2D ligand expression in nine hepatocellular carcinoma cell
lines when exposed to the indicated concentrations of interferon gamma. Figures 18J-18R show
the corresponding flow cytometry data for the same concentrations of interferon gamma and their

impact on the expression of PD-L1. Figures 18S and 18T are line graphs that summarize the flow
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cytometry data for NKG2D ligand expression (18S) and PD-L1 expression (18T). Similar to those
results shown in the prior figure after sorafenib administration, there does not appear to be a clear
impact of interferon gamma on the expression of the total pool of NKG2D ligands. As mentioned
above, however, individual specific NKG2D ligands may be upregulated (or down regulated) in
response to interferon gamma exposure. While Figure 18T does not show a uniform expression
response pattern to the increased doses of interferon gamma, several cell lines seem to show a
trend towards increasing PD-L1 expression with the higher doses of interferon gamma. Despite
lack of a clear induction of NKG2D ligand or PD-L1 expression by sorafenib or interferon gamma,
in several embodiments a combination treatment regime of an engineered NK cell according to
several embodiments disclosed herein (e.g., NKX101 cells) in conjunction with an additional
anticancer agent, such as sorafenib or other agent yield a synergistically enhanced cytotoxic effect.
Sorafenib and/or IFNg may, in some embodiments, be upregulating other NK activation receptors
(or downregulating inhibitory receptors) other than those studied here, which is in part responsible
for synergistic activity seen in various embodiments.

[00147] Figures 19A-19D show flow cytometry data related to expression of PD-1 by
either non-transduced NK cells from four donors, engineered NK cells according to embodiments
disclosed herein from those donors, or isotype control signals. Programmed Death receptor 1 (PD-
1) is expressed on the surface of activated T cells, and it interacts with its ligand (PD-L1 or PD-
L2) on target cells. The data for Figures 19A-19D indicate that untransduced NK cells express
PD-1 levels that are not substantially distinguishable from controls, and also that the engineering
of the NK cells to express a chimeric receptor as disclosed herein (e.g., NKX101) does not
substantially alter the expression of PD-1. As PD-1 signaling is generally inhibitory in nature, the
data suggest that induction of PD-L1 expression (discussed above) is not likely deleterious to
activity of engineered NK cells expressing the chimeric constructs disclosed herein, since PD-1
expression is unchanged. In one embodiment, PD-L1 induction may inhibit an endogenous T cell
response, and as such, engineered NK cells expressing chimeric receptors disclosed herein are

administered in conjunction with an inhibitor of the PD-L1/PD-1 pathway.
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Colorectal Cancer

Background:

[00148] Colorectal cancer is the third most common cancer diagnosed in both men and
women in the United States. The American Cancer Society estimates for the number of new
colorectal cancer cases in the United States for 2019 includes over 100,000 cases of colon cancer
and over 40000 cases of rectal cancer. The liver is one of the most common sites of primary
metastasis in patients with colorectal cancer. This is largely due to dissemination of the tumor
through the portal circulation. While surgery can be a successful treatment for primary liver
metastasis, many patients are not ideal candidates. Thus, as disclosed herein, in several
embodiments, engineered NK cells can be administered, in some embodiments regionally/locally,
to effectively treat liver metastases.

[00149] The experiments below relate to the investigation of engineered NK cells as
disclosed herein, such as those expressing NKX101, in terms of cytotoxic activity against human
colorectal carcinoma (CRC) cell line models. This includes measurement and analysis of data
obtained from NKX101 in-vitro cytotoxicity and cytokine release in response to co-culture with
target CRC cell lines. It also includes staining for NKG2D ligand expression on HCC cell lines for
analysis of correlation with NKX101 cytotoxicity. Multiple ligands of the NKG2D receptor are
highly expressed in CRC.

Methods:

[00150] Transient retroviral supernatant was prepared by transfection of 293T cells.
293T cells were co-transfected with retroviral vectors (either encoding an NKX101 construct or
luciferase with a CD19 tag (effluc.CD19)). The latter vector allows for selection of luciferase
expressing cells by virtue of screening for CD19 expression.

[00151] For NK cell expansion, transduction and characterization, healthy donor buffy
coat blood samples were obtained from Stanford Blood center. PBMCs were purified and banked.
NK cells were expanded from banked PBMCs by co-culturing with K562-mbIL15-41BBL feeder
cells at a feeder:PBMC ratio of 1:1.

[00152] For ECS50 cytotoxicity assays and cytokine analysis, day 5 expansions were
depleted of T cells using anti-CD3 MACS beads.

[00153] NK cells were expanded using the modified K562 cells discussed above. The
culture media was supplemented with 400 IU/mL IL2 at day 5 for 24 hr and the NK cells were
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transduced on day 6. In additional embodiments, other concentrations or timings are used to
expand NK cells. In several embodiments, IL2 is not used, while other cytokines are used.

[00154] Surface expression of NKG2D on transduced NK cells (CD3- CD56+) was
analyzed by flow cytometry using an anti-human NKG2D antibody (R&D system) at 4 days post
transduction, and NK cell cultures continued at 40 IU/mL IL2. In several embodiments, other
concentrations of IL2 (including no IL2) are used.

[00155] For transduction of CRC cell lines, 293FT cells were transfected with retroviral
vector effluc.CD19 and viral supernatant was generated. Human HCC cell lines from ATCC
(HepG2, SNU182, SNU387, SNU398, SNU423, SNU475) were transduced with effluc.CD19
viral supernatant by spinoculation and cells were seeded at a density of 2.5 x 10* cells/ml (4 ml,
le’/well) in a 6-well plate. Transduced cells were positively selected for CD19 cell surface
expression using MACS anti-CD19 beads and CD19+ purity was analyzed by flow cytometry.

[00156] In-vitro cytotoxicity of NKX101 cells was measured against a panel of
luciferase expressing CRC cell lines engineered as described above. Adherent CRC target cells
were removed from cell culture flasks using Trypsin-EDTA (0.25%), counted, resuspended at 2 x
10° cells/ml, and 100 ul (2 x 10* cells/well) were seeded in clear 96-well U-bottom tissue culture
plate. NK effector cells were counted and serially diluted (from a maximum E:T of 16:1) two-fold
for EC50 experiments. NK cells were added to wells with the CRC cells and plates were incubated
for 4 hours at 37°C. After incubation, 100 ul of each cell suspension was transferred to a black-
walled, clear bottom plate containing 100 ul/well Bright-Glo reagent (1:1 cell culture volume).
Relative luminescence units (RLU) were read out on SpectraMax plate reader using SoftMax 6.2.2
CellTiter-Glo Luminescence assay protocol.

[00157] For NK cytokine release assays, NT NK (non-transduced NK) or NKX101 cells
were co-cultured with CRC target cells at a ratio of 1:1 (1 x 10° each cell type per well) in a total
of 200ull media for 24 hr at 37C in a 96 well U bottom plate. At 24 hrs, plates were centrifuged
at 300 g for 5 minutes, supernatants were collected and frozen at -80C until cytokine levels could
be analyzed by Luminex. ProcartaPlex custom 5-plex assays were run per manufacturer protocol
(Invitrogen) on Luminex MAGPIX instrument using XPONENT software.

Results:

[00158] Figures 20A-20E show flow cytometry data related to engineering various

colorectal cancer (CRC) cell lines to express luciferase. As described above, the vector encoding
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firefly luciferase also includes a CD19 marker that allows for MACS selection of cells that have
been transduced. These data show staining of the resultant CRC cells after CD19 selection was
performed. Data show CD19 staining (right shifted curve) as compared to the isotype control for
the antibody used (left curve).

[00159] Figures 21A-21E show data related to the staining of the engineered colorectal
cancer cells for either NKG2D ligands or isotype controls. NKG2D ligands are shown in the
dashed box, while controls are shown in the solid box. The row labeled with NKG2D-Fc indicates
the use of the NKG2D-Fc chimeric antibody that should bind all NKG2D ligands present, thus
representing the total population of NKG2D ligands. Subsequent rows are staining for each
specific indicated NKG2D ligand, bound with a specific antibody. In sum, these data confirm that
multiple NKG2D ligands are expressed by CRC cells. According to several embodiments, the
expression of the various NKG2D ligands by CRC cells allows NK cells engineered according to
the disclosure herein to target and kill CRC cells, in particular those that have metastasized to the
liver.

[00160] NK cells from 4 donors (224, 692, 699, 650) were expanded as described above.
T cells were depleted by CD3 MACS isolation on expansion day 5, and cells were stained for CD3
and CD56 pre-CD3 depletion (Figures 22A-22C) and post- CD3 depletion (Figures 22D-22F). As
discussed above, CD56 is a marker for human NK cells. Thus, the data in Figures 22D-22F
indicate that the resultant population of NK cells after CD3 depletion is a highly pure NK cell
population. Expanded NK cells were transduced on day 6 with a polynucleotide encoding a
chimeric receptor construct as disclosed herein. By way of example, the present experiment
utilized an NKG2D/OX40/CD3z cytotoxic receptor complex (see Figure 1D), though it shall be
appreciated that other constructs disclosed herein can be used as well. The engineered NK cells
expressing NKX101 were stained for NKG2D expression on day 4 post-transduction (Figures
23A-23C). As can be seen, as compared to control NTNK cells, NK cells engineered to express
NKG2D-targeting chimeric receptors exhibit significantly higher signals for NKG2D receptor
expression. These data confirm that the engineered NK cells are expressing the chimeric receptors.
Cytotoxicity assays against CRC cell lines HCT15, HCT116 and HT29 were performed at day 14-
21 post-expansion as described above, across an E:T ratio ranging from 16:1 down to 1:16. RLU
signals were read at 4 hr endpoint, and percent cytotoxicity was used to calculate EC50 values

using 4-parameter non-linear regression analysis in GraphPad Prism 7 (Figures 24A-24C). As
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shown, against each of the CRC cells tested in this experiment, the NK cells expressing the
NKX101 chimeric receptor construct exhibited higher cytotoxicity than NTNK cells. In fact, the
NKX101 cells exhibited enhanced cytotoxicity across all three cell lines at all E:T ratios (but for
the similar effect at the highest E:T in HCT15 cells (Figure 24A). The calculated EC50 for
NKX101 was 3-4 fold lower than for NT NK, thus reinforcing that several embodiments of
engineered NK cells expressing NKG2D-directed chimeric receptors are highly effective against
various tumor types.

[00161] NK cells from two donors (091, 140) were expanded as described. T cells were
depleted by CD3 MACS isolation on expansion day 5, and cells were stained for CD3 and CD56
pre-CD3 depletion (Figures 25A, 25D) and post-CD3 depletion (Figures 25B, 25D). Expanded
NK cells were transduced on day 6 polynucleotide encoding a chimeric receptor construct as
disclosed herein. By way of example, the present experiment utilized an NKG2D/OX40/CD3z
cytotoxic receptor complex (see Figure 1D), though it shall be appreciated that other constructs
disclosed herein can be used as well. The resulting cells were stained for NKG2D expression on
day 4 post-transduction (Figures 25C, 25F). These data show that the NK cells expanded from the
two donors show robust expression of NKG2D, as compared to NTNK cells. NKX101 or NT NK
cells from both donors on expansion day 21 were co-cultured in-vitro with CRC target cells at a
ratio of 1:1 for 24 hrs, and supernatants were analyzed for secreted cytokine levels by Luminex
assay. Data for the cytokine release profile of each of the three cell lines are shown in Figures
26A-26C (standard curves for each analyte are shown in Figures 27A-27E). For each of the cell
lines tested, co-culture of the CRC with NKX101-expressing NK cells induced enhanced pro-
inflammatory cytokine release from the NKX101-expresing NK cells versus NT NK. For
example, IFNg release by the NKX101-expressing NK cells was nearly double in the HCT15
group, with even more pronounced induction of NK cell cytokine release in the HCT116 and HT29
groups. These increased secretions of pro-inflammatory cytokines are responsible, at least in part

for some embodiments, for the enhanced cytotoxicity of engineered NK cells as disclosed herein.

Certain Characteristics of Engineered NK Cells

Background:
[00162] To further evaluate the characteristics of the engineered NK cells as disclosed

herein, additional experiments were performed to evaluate, for example, the marker profile of NK
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cells, ability of engineered NK cells to express embodiments of chimeric receptors disclosed
herein, the cytotoxicity of such engineered NK cells and other characteristics of the engineered
NK cells.

Results:

[00163] As discussed herein, in several embodiments, a population of donor NK cells
are expanded, optionally in connection with a feeder or stimulatory cell line. In several
embodiments, modified K562 cells are used. Examples of such cells are provided in US Patent
No. 7435596 or 8026097, each of which are incorporated in their entirety by reference herein. In
several embodiments, further modifications, such as those disclosed in PCT Application No.
PCT/SG2018/050138 (incorporated in its entirety by reference herein), are used. The expanded
NK cells are engineered, in several embodiments, to express a chimeric receptor and/or a molecule
that promotes NK cell persistence (such as membrane bound IL15) and then optionally further
expanded. According to several embodiments, the cells can then be cryopreserved and are ready
for administration to a patient post-thawing. Depending on the embodiment, various degrees of
expansion can be performed. For example, in some embodiments, NK cells for up to ~50 patients
can be generated from a single donor. In several embodiments, NK cells for up to ~100 patients
can be generated from a single donor. In several embodiments, expansion allows for still greater
amounts of expansion, for example up to about 200, about 300, about 400, about 500 or more
patient doses from a single donor.

[00164] Experiments were performed to determine the characteristics of engineered NK
cells according to embodiments disclosed herein. According to several embodiments, NK cells
disclosed herein exhibit a broadly activated phenotype. Figure 28A shows flow cytometry
expression data for NK cells at three time points during expansion (Day 0, circles; Day 7, squares,
and Day 12, triangles). The Y-axis represents the percentage of the total number of live NK cells
(CD56P*/CD3"¢ cells in the expansion culture). The x-axis relates to the detection of NK cells
(CD56P%) expressing either NKG2D (left groups), NKp30 (central groups), or NKp44 (right
groups). As discussed above, each of NKG2D, NKp30 and NKp44 are activating receptors
expressed by NK cells. At Day 0, only small numbers of NK cells expressed NKG2D (less than
about 25%) or NKp44 (little to no expression). NKp30 expression was, in contrast, fairly high
(~85%). After 7 days of expansion, however, NKG2D expression was significantly upregulated,
with a mean of nearly 80% of the NK cells expressing NKG2D. Likewise, NKp44 was upregulated
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substantially as well, with nearly 50% of the cells expressing it. Despites its high initial expression
level, even NKp30 expression was increased, now being present on nearly 100% of the NK cells.
At day 12 of culture. NKG2D expression had decreased on average (still over 60%), yet still
remained expressed on 80% of the NK cells from two donors. NKp44 expression continued to
increase, with an average of 60% of the NK cells expressing NKp44. NKp30 was unchanged at
Day 12, still present on nearly 100% of the NK cells. Figure 28B shows corresponding data for
expression of NKp46, 2B4, CD69 CD25 and DNAM-1 as a percentage of the total number of NK
cells. The NK cells were characterized by flow cytometry at day 0 and after 7 and 12 days after
the start of expansion.NKp46, CD69 and CD25 expression were all relatively low at Day 0 (~40%,
~10%, and ~5%, respectively). In contrast, 2B4 and DNAM-1 were each highly expressed by NK
cells at Day 0 (~100% and 90%, respectively). At Day 7 of expansion, each of NKp46, CD69,
and CD25 exhibited significant prevalence on NK cells, each now being expressed by about 90%
of the NK cells). 2B4 expression remained constant, on ~100% of NK cells, while DNAM-1
expression was increased to about 95% of NK cells. At Day 12 of expansion, NKp46 levels
dropped on average to about 75% expression, and CD25 expression dropped to about 50%. CD69
expression remained high, nearly 85% of NK cells expressing it on average. 2B4 and DNAM-1
were both expressed by nearly all the NK cells. Taken together, these data shown that certain
markers of NK cell activation and various activation receptors are broadly and relatively stably
upregulated in expanded NK cells. According to several embodiments, expansion can be carried
out for a certain time to maximize expression of a particular marker(s). In several embodiments,
the broad expression of several different activation markers represents at least one of the reasons
the engineered NK cells according to several embodiments disclosed herein exhibit such
significant cytotoxic effects.

[00165] As discussed above, in several embodiments, cells are engineered to express
NKG2D (or a portion thereof that binds ligands) as well as a IL15, for example as a membrane-
bound form of IL-15 (mbIL-15) to enhance NK cell expansion and durability. Non-limiting
information regarding membrane bound IL-15 can be found in US Patent Application No.
15/309362, which is incorporated in its entirety by reference herein. In several embodiments, the
expression of mbIL15 enhances the persistence of engineered NK cells. While that can be
advantageous in an in vitro setting, according to embodiments disclosed herein, mbIL15 also

enhances persistence in vivo. Figure 29A shows that mbIL15 expression enhances the persistence
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of engineered NK cells. Flow cytometry was used to measure NKG2DP*/CD56P**/CD3" cells in
a sample of blood, with the result expressed as a percent of the total detected cells. As measured
compared to the total number of circulating NK cells over time, only NK cells expressing mbIL15
as a result of expressing a non-limiting embodiment of a chimeric receptor construct (rather than
GFP or non-modified NK cells) are still present in the circulation after 7 days. While the two
control groups never show any increase in their numbers, mbIL15 expressing NK cells are still
present in the circulation until at least 28 days post-administration. These data indicate that ,
according to several embodiments, the engineered NK cells disclosed herein exhibit long-term
durability, even in vivo, which allows for a prolonged cytotoxic effect in subject needing cancer
immunotherapy treatment.

[00166] Further supporting the advantages of engineered NK cells disclosed herein, it is
not only the presence of NK cells that is improved over time, but their activity as well. Figure 29B
shows summary data related to the fluorescent signal detected in NSG mice after they were injected
intraperitoneally with 2 x 10° U20S osteosarcoma cells. The mice received IP infusions of PBS,
NK cells expressing GFP, NK cells expressing an NKG2D chimeric receptor disclosed herein
(without mbIL15), or NK cells expressing an NKG2D chimeric receptor disclosed herein
configured to also express mbIL15) (each NK cell infusion was 3 x 10° cells, administered on Day
7). Three doses of IL2 were administered and imaging data was collected at Day 14, 21, 28, 35,
49, and 63 and are shown in Figure 29C. As shown, the mice receiving either NK cells expressing
an NKG2D chimeric receptor or NK cells expressing an NKG2D chimeric receptor together with
mbIL15 show significantly less tumor burden, even out to 63 days. This is in contrast to the rapidly
increasing tumor burden over time in each of the two control groups (PBS and NK cells expressing
GFP).

[00167] While data from experiments discussed above related to various liver tumor
types or osteosarcoma cells, engineered NK cells according to several embodiments disclosed
herein are effective against other tumor types as well. For example. NK cells expressing an
NKG2D CAR as disclosed herein exhibit a dose dependent tumor activity in an AML model, the
THP-1 xenograft model. In this model, rats were treated with a single dose of NK cells expressing
an NKG2D-0X40-CD3Z-mbIL15 CAR 2 days after tumor injection. Imaging data are shown in
Figure 30A and summary data are shown in Figure 30B. As with the U20S xenograft model

described above, tumor burden was significantly lower with the administration of NK cells
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expressing an NKG2D CAR. In addition, cytotoxic effects exhibited a clear a dose dependent
response (tumor burden is decreased as cell dose increased).

[00168] Further investigating the effectiveness of NKG2D CARs as disclosed herein,
additional AML lines were tested. As shown in Figure 31, over eight different AML cell lines, an
engineered NK cell expressing a chimeric receptor construct as disclosed herein yielded increased
cytotoxic effects over unmodified NK cells. In some cell lines tested, the enhanced effect yielded
nearly 90-95% cytotoxicity towards tumor cells, yet do not target resting PBMC. As mentioned,
depending on the embodiment, a variety of engineered receptors can be used. For example in
several embodiments, the activating receptor can comprise an NKG2D extracellular domain, a
transmembrane domain, and a signaling domain. Each domain is optionally made up of multiple
sub domains. For example, in several embodiments, the activating receptor comprises an NKG2D
extracellular domain, a CD8alpha hinge region, a CDS8 alpha transmembrane domain, an OX40
co-stimulatory domain, a CD3z signaling domain. In several embodiments, the polynucleotide
encoding such a receptor is engineered to also express mblL15. Other stimulatory domains can be
used, such as CD28, 4-1BB, CD16, NKp80, 2B4, DAP10, DAP12, and combinations thereof. In
several embodiments, various spacers, such as glycine-serine spacers are used to separate the
various domains.

[00169] Advantageously, especially for allogeneic administration, NK cells can be
cryopreserved with high viability, viable cell recovery and cytotoxic activity is retained upon
thawing. This was assessed using the experimental protocol, schematically depicted in Figure 32A

[00170]  After cryopreservation, the viability of NK cells expressing an NKG2D CAR
according to embodiments disclosed here was compared to that of fresh (unfrozen) cells after 14
and 27 days of culture. Figure 32B shows that there is no substantial change in viability post-thaw
— in other words engineered NK cells are still viable after cryopreservation. Importantly the
percentage of viable cells was quite high post-thaw, indicating limited loss of viable cells from a
given freeze-thaw cycle, meaning a greater percentage of a given batch of expanded cells can be
administered post-thaw. Figure 32C shows upwards of 75% viability from 3 samples. Even after
cryopreservation and thawing, engineered NK cell cytotoxicity was also retained to a degree that
did not differ significantly from fresh cells (see Figure 32D). This is important because the ability
of the engineered cells to exhibit anti-tumor activity is retained, which , according to several

embodiments, enhances the ability to use cryopreserved cells effectively.
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[00171] The expression levels of various additional markers were evaluated during
expansion (in low IL2 media with characterization by flow cytometry at Day 0, 7, and 12). Figure
32E shows that expression of the inhibitory receptor CD158b on NK cells did not change
significantly during expansion. In contrast, the percentage of NK cells expressing the inhibitory
NKG2A receptor did increase at 7 days, but showed a small drop at 12 days of culture. The
expression of the ILT2 inhibitory receptor was essentially unchanged during expansion. PD-1, a
potential marker of NK cell exhaustion, did not change expression during expansion, essentially
not being expressed. TIGIT and Tim3, which are markers of NK cell maturation were modestly
more prevalent on NK cells as expansion progressed. Advantageously, as discussed herein, despite
variable upregulation of certain inhibitory receptors, in several embodiments, activating receptors
are also upregulated and allow for enhanced NK cell activity on balance.

[00172] Figure 32G shows data related to the baseline characterization of CD56 and
CD16 expression on live NK cells in culture at Day 0. The two major subsets of NK cells are
CD56M8/CD16%™ and CD56%™/CD16"", The presence/intensity of CD56 is directly correlated
to the proliferative potential of an NK cell, that is, robust CD56 expression means an NK cell is
configured to proliferate. This CD56 expression is associated with lower CD16 expression, which,
as discussed below, is tied to cytotoxic activity. Thus CD56™¢/CD16%™ are thought to proliferate
and differentiate, giving rise to more cytotoxic CD56%™/CD16"¢* NK cells. Figure 32G shows
that the vast majority of live NK cells at Day 0 of culture are CD56%™/CD16"" cytotoxically more
potent NK cells. Figure 32H shows that there is a flux over expansion time in the CD16 and CD57
expression by NK cells, with CD16 temporarily decreasing at Day 7, then recovering to starting
levels at Day 12. CDS57 expression drops throughout expansion. Figure 321 shows data related to
the marker intensity at Day 7 and Day 12 of culture, expressed as a ratio of that of Day 0. These
data indicate that CD56 expression intensity is increased, while CD16 and CDS57 expression
intensity is unchanged. These data suggest that expansion according to embodiments disclosed
herein trigger the engineered NK cells to “revert” or adopt a pro-proliferative phenotype. Figures
32J and 32K relate to the development of a memory NK cell like expression profile during
expansion, with expression of certain memory-like markers being increased when engineered NK
cells are expanded with feeder cells and additional cytokines. Further information on NK cell
expansion methods can be found in US Patent No. 7,435,596 (issued October 14, 2008), 8,026,097
(issued September 27, 2011), International Patent Application No. PCT/SG2018/050138 (filed
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March 27, 2018) and US Provisional Patent Application No. 62/881,311 (filed July 21, 2019), the

entirety of each of which is incorporated by reference herein.

Combination Therapies

Background:

[00173] Without being bound by theory, cytotoxicity of the engineered NK cells in
several embodiments disclosed herein can be enhanced by triggering antibody-dependent cellular
cytotoxicity (ADCC). Antibodies mediate their anti-tumor effects on one hand in a direct fashion,
by interfering with tumor cell growth. Antibodies may also act on tumors indirectly by inducing
immune-mediated complement-dependent cytotoxicity (CDC) or ADCC. ADCC begins with
recognition of an antigen expressed on the target cell surface by specific immunoglobulins. The
Fc domain of these antibodies is then bound by Fcy receptors (FcyRs) expressed on immune
effector cells, such as the engineered NK cells disclosed herein, which then triggers the release of
cytotoxic granules towards the target cell or upregulates death receptors expression on the cell
surface.

Results:

[00174] According to several embodiments, not only can the engineered NK cells bind
ligands on the tumor cell surface and induce cytotoxicity through the expressed CAR, but they can
also be recruited to induce further cytotoxic effects through being recruited into ADCC. With two
distinct mechanisms at play, according to several embodiments, the use of engineered NK cells
disclosed herein in conjunction with an antibody that can start the ADCC cascade results in
synergistic anti-tumor effects. Figure 33A shows the expression of CD16 by NK cells expressing
an NKG2D CAR according to a non-limiting embodiment disclosed herein (here the employed
CAR was NKG2D-0X40-CD3z-mbIL15). CD16, the FcyRIIIA, is heavily involved in the
recruitment of NK cells into ADCC. Interestingly, as shown in Figure 33A, 90% of the engineered
NK cells expressing the NKG2D CAR also express CD16, suggesting that these engineered cells
are primed for participating in ADCC. Figures 33B and 33C show data related to CD19 and CD20
expression (respectively) on Raji and Nalmé6 cells. Raji cells are a B lymphocyte cell line and
Nalm6 cells are a B cell precursor leukemia cell line initiated from an adolescent male. As shown
in Figure 33B, both Raji and Nalm6 cells express CD19. As shown in Figure 33C, Raji cells are

rich in CD20 expression, whereas Nalm6 cells are not.
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[00175] According to several embodiments, the use of a combination therapy, such as
an antibody used to target cancers plus engineered cells according to embodiments disclosed
herein, results in synergistic cytotoxicity. For example, in several embodiments, NK cells
expressing an NKG2D CAR are co-administered with an anti-CD20 antibody (such as rituximab,
by way of non-limiting example). Other embodiments employ other antibodies directed to other
prevalent tumor markers, such as CD19, CD123, NY-ESO, MAGEA4, MAGEA1, PRAME,
surviving, etc. Figure 34 shows data related to the expansion of Raji cells in a coculture alone,
with NK cells expressing an NKG2D CAR plus a control IgG1 antibody, or with NK cells
expressing an NKG2D CAR plus an anti-CD20 antibody. By way of non-limiting example, the
NKG2D CAR used in this example was NKG2D-OX40-CD3z-mbIL15. Target:effector cell ratio
was 2:1 and NK cells were added to the tumor cells 14 days after their transduction with the
NKG2D CAR construct. As shown, the Raji cells alone increase in number over time (top “target
alone” trace). When the Raji cells were exposed to NK cells expressing an NKG2D CAR
according to embodiments disclosed herein and an IgG1, there was significant prohibition of Raji
cell growth. While there was a trend towards increasing numbers at 4.5 days, tumor growth was
clearly retarded as compared to control. The combination of NK cells expressing an NKG2D CAR
according to embodiments disclosed herein and an anti-CD20 antibody appeared to prohibit all
Raji cell growth. As discussed above, the phenotype of the engineered NK cells disclosed herein
indicates their possible involvement in ADCC. As seen in this experiment, and according to
several embodiments, the combination of NKG2D ligand binding and firing of the NKG2D CAR
signaling domain and ADCC resulted in unexpectedly enhanced cytotoxicity.

[00176] As discussed above, additional agents can be co-administered with engineered
NK cells disclosed herein. For example, in several embodiments, histone deacetylase inhibitors
are administered with engineered NK cells targeting an NKG2D ligand (or other tumor marker,
such as CD123 or CD19). The leukemia cell line was grown alone as a control, co-cultured with
NK cells expressing GFP, or co-cultured with NK cells expressing an NKG2D CAR as disclosed
herein. By way of non-limiting example, the NKG2D CAR used in this example was NKG2D-
0X40-CD3z-mbIL15. Figure 35A shows the increase in HL60 cell number and a modest
reduction in that rate with NK GFP cells. Cellular growth was further reduced when HL60 cells
were treated with NK cells expressing an NKG2D CAR. Figure 35B shows the same treatment

groups, with the addition of the HDAC inhibitor valproic acid to the culture. As seen, the addition
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of valproic acid synergistically interacted with the NK cells expressing the NKG2D CAR
dramatically suppress HL-60 cell growth. According to additional embodiments, other HDAC
inhibitors are used, such as romidepsin (e.g. FR901228), entinostat (e.g., MS-275)
phenylbutyrate, belinostat (PDX101), sodium valproate, suberoylanilide hydroxamic acid, or
combinations thereof.

[00177] As mentioned above, in some embodiments NK cells are used. In some
embodiments, T cells are used. In still additional embodiments, combinations of NK cells and T
cells are used. In several embodiments, such a combination, wherein the NK and T cells are
engineered to express an NKG2D activating receptor, results in synergistic cytotoxicity.

[00178] NK, T or NK + T cells were transduced with NK cells expressing an NKG2D
CAR according to embodiments disclosed herein. By way of non-limiting example, the NKG2D

CAR used in this example was NKG2D-OX40-CD3z-mbIL15. The cytotoxic activity of the

various constructs was assessed against the HL60 AML line ata 1:4 E:T ratio (NK:T = 1:1 ratio).
Figure 36 shows the resultant data. HL60 cells increase in number when grown alone, as expected.
NK cells expressing an NKG2D CAR significantly reduce the growth of HL60 cells. Likewise, T
cells also decrease the growth of HL60 cells. Given the significant reduction with both NK NKGD
CAR cells and T NKG2D CAR cells, it is unexpected that the combination of NK+T NKG2D
CAR cells could still further reduce HL60 cell growth, effectively to zero. NK cells kill tumor
cells with a rapid kinetics, but at high E:T ratios, tumor cells still proliferate. T cells kill with a
slower kinetics, but expand in culture to provide more durable control. According to several
embodiments, combinations of NK + T cells demonstrates a rapid onset and prolonged kinetic of
cytotoxic activity, which is surprisingly advantageous, given the already high cytotoxic effects of
the cell types alone. In accordance with several embodiments, a mixed NK+T cell population is
used to treat tumors. In additional embodiments, either faster acting and/or longer duration effects
are seen when an NK+T cell population is used with an additional agent, such as an anti-cancer
antibody, kinase inhibitor, and/or and HDAC inhibitor.

[00179] Itis 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
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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 inventions 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
engineered NK cells locally to the liver” include “instructing the administration of a population of
engineered NK cells locally to the liver.” 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.

[00180] The ranges disclosed herein also encompass any and all overlap, sub-ranges,

3 bR ENT3 PR ENNTS

and combinations thereof. Language such as “up to,” “at least,” “greater 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 sequence “comprises”, “consists of” or “consists essentially of” the recited
sequence.

[00181] Any titles or subheadings used herein are for organization purposes and should

not be used to limit the scope of embodiments disclosed herein.
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WHAT IS CLAIMED IS:

1. A combination therapy regimen for treatment of a liver tumor, the therapy regime
comprising:
(1) a population of natural killer (NK) cells engineered to express a cytotoxic
receptor complex,
wherein the cytotoxic receptor complex comprises:
a) a functional fragment of a C-type lectin-like receptor, wherein the C-type
lectin-like receptor comprises a Natural Killer Group 2D (NKG2D) receptor,
wherein the functional fragment of the C-type lectin-like receptor comprises
SEQ ID NO. 24; and
b) a cytotoxic signaling complex comprising a transmembrane domain, a
co-stimulatory domain, and a signaling domain, and
wherein the therapy regimen is configured for the population of NK cells to be
administered locally to the liver tumor;

(i1) at least one additional anti-cancer agent.

2. The combination therapy of Claim 1, wherein the liver tumor results from

hepatocellular carcinoma.

3. The combination therapy of Claim 1, wherein the liver tumor is a primary metastasis

of colorectal carcinoma.

4. The combination therapy of Claim 1, wherein the signaling domain of the cytotoxic

signaling complex comprises an OX40 domain.

5. The combination therapy of Claim 4, wherein the OX40 domain is at least 95%
homologous with an OX40 domain having the sequence of SEQ ID NO. 35.

6. The combination therapy of Claim 1, wherein the signaling domain of the cytotoxic

signaling complex further comprises a CD3zeta domain.
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7. The combination therapy of Claim 4, wherein the CD3zeta domain is at least 95%
homologous with a CD3zeta domain having the sequence of SEQ ID NO. 32.

8. The combination therapy of Claim 1, wherein the cytotoxic receptor complex further

comprises IL15.

9. The combination therapy of Claim 8, wherein the IL15 comprises membrane-bound

IL15 (mbIL15).

10. The combination therapy of Claim 9, wherein the mbIL15 is at least 95% homologous
with a mbIL15 having the sequence of SEQ ID NO. 39.

11. The combination therapy of Claim 10, wherein the mbIL15 is encoded by a

polynucleotide that also encodes the remainder of the cytotoxic receptor complex.

12. The combination therapy of Claim 11, wherein the cytotoxic receptor complex is

encoded by the nucleic acid sequence of SEQ ID NO: 7.

13. The combination therapy of Claim 12, wherein the cytotoxic receptor complex

comprises the amino acid sequence of SEQ ID NO: 8.

14. The combination therapy of Claim 1, wherein the regimen is configured for the at least
one additional anti-cancer agent to be administered prior to, concurrent with, or after the population

of NK cells is administered.

15. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is a tyrosine kinase inhibitor.

16. The combination therapy of Claim 15, wherein the additional anti-cancer agent is
sorafenib, nilotinib, imantinib, gefitinib, erlotinib, sunitinib, adavosertib, lapatinib, or

combinations thereof.

17. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is an antibody.
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18. The combination therapy of Claim 17, wherein the additional anti-cancer agent is

cetuximab, daratumumab, rituximab, obinutuzumab, trastuzumab, or combinations thereof.

19. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is a histone deacetylase (HDAC) inhibitor.

20. The combination therapy of Claim 19, wherein the HDAC inhibitor is valproic acid,
FR901228, MS-275, Phenylbutyrate, PDX101, Sodium valproate, Suberoylanilide hydroxamic

acid, or combinations thereof.

21. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is a chemotherapeutic agent.

22. The combination therapy of Claim 21, wherein the chemotherapeutic agent 1is
Cisplatin, Hydroxyurea, 5-Fluorouracil, Doxorubicin, Melphalan, Mitomycin C, Etoposide, or

combinations thereof.

23. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is high dose ionizing radiation.

24. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is a proteasome inhibitor.

25. The combination therapy of Claim 24, wherein the proteasome inhibitor is bortezomib.

26. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is all trans retinoic acid, sodium butyrate, or a combination thereof.

27. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is an inhibitor of a NK checkpoint pathway.
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28. The combination therapy of Claim 27, wherein the NK checkpoint inhibitor is an
antagonist of CD73, an antagonist of CD39, an antagonist of an adenosine immunosuppressive

signaling pathway, or combinations thereof.

29. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is an antibody directed to TIM3 and/or a TGF beta receptor.

30. The combination therapy of any one of Claims 1 to 14, wherein the additional anti-

cancer agent is an inhibitor of indoleamine 2,3-dioxygenase.

31. Use of the combination therapy according to any one of Claims 1 to 30 for the treatment

of a liver cancer.

32. Use of the combination therapy according to any one of Claims 1 to 30 for the

preparation of a medicament for the treatment of a liver cancer.

33. A method for treating a primary liver tumor, the method comprising:
accessing the intra-hepatic artery of a patient with a primary liver tumor, and
administering a population of natural killer (NK) cells engineered to express a
cytotoxic receptor complex,
wherein the cytotoxic receptor complex comprises:
a functional fragment of a C-type lectin-like receptor, and
a cytotoxic signaling complex comprising a transmembrane domain, a co-
stimulatory domain, and a signaling domain, and
wherein the C-type lectin-like receptor comprises a Natural Killer Group 2D
(NKG2D) receptor, and
wherein the functional fragment of the C-type lectin-like receptor comprises SEQ
ID NO. 24; and
administering at least one additional anti-cancer agent prior to, concurrent with, or

after the population of NK cells is administered.
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34. The method of Claim 33, wherein the additional anti-cancer agent is a tyrosine kinase

inhibitor.

35. The method of Claim 33 or 34, wherein the additional anti-cancer agent is Sorafenib,

nilotinib, imantinib, gefitinib, erlotinib, sunitinib, adavosertib, lapatinib, and combinations thereof.

36. The method any one of Claims 33 to 35, wherein the signaling domain of the cytotoxic

signaling complex comprises an OX40 domain.

37. The method any one of Claims 33 to 36, wherein the signaling domain of the cytotoxic

signaling complex further comprises a CD3zeta domain.

38. The method of Claim 37, wherein the CD3zeta domain comprises at least one

immunoreceptor tyrosine-based activation motif (ITAM) motif.

39. The method of any one of Claims 33 to 38, wherein the co-stimulatory domain

comprises IL-15.

40. The method of Claim 39, wherein the IL-15 is expressed by the NK cells as membrane-
bound IL-15.

41. The method of any one of Claims 33 to 40, wherein the transmembrane domain of the

cytotoxic signaling complex is derived from CDS8 alpha.

42. The method of Claim 41, wherein the transmembrane domain comprises a first and a

second subdomain.

43. The method of Claim 42, wherein the first subdomain comprises a CDS8 alpha

transmembrane domain.

44. The method of Claim 42, wherein the second subdomain comprises a CD8 alpha hinge.
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45. The method of any one of Claims 33 to 44, wherein the cytotoxic receptor complex is
at least 80% homologous to the cytotoxic receptor complex encoded by the polynucleotide of SEQ
ID NO. 7.

46. The method of any one of Claims 33 to 44, wherein the cytotoxic receptor complex is
at least 85% homologous to the cytotoxic receptor complex encoded by the polynucleotide of SEQ
ID NO. 7.

47. The method of any one of Claims 33 to 44, wherein the cytotoxic receptor complex is
at least 90% homologous to the cytotoxic receptor complex encoded by the polynucleotide of SEQ
ID NO. 7.

48. The method of any one of Claims 33 to 44, wherein the cytotoxic receptor complex is
at least 95% homologous to the cytotoxic receptor complex encoded by the polynucleotide of SEQ
ID NO. 7.

49. The method of any one of Claims 33 to 44, wherein the cytotoxic receptor complex is
at least 80% homologous to a cytotoxic receptor complex having the amino acid sequence of SEQ

ID NO. 8.

50. The method of any one of Claims 33 to 44, wherein the cytotoxic receptor complex is
at least 90% homologous to a cytotoxic receptor complex having the amino acid sequence of SEQ

ID NO. 8.

51. The method of Claim 33, wherein the cytotoxic receptor complex is at least 80%
homologous to a cytotoxic receptor complex encoded by a polynucleotide of selected from the

group consisting of SEQ ID NOs. 1, 3, 5,9, 11, 13, 15, 17, 19, and 21.

52. The method of any one of Claims 33 to 51, wherein the intra-hepatic artery is accessed

percutanously and wherein said population of cells is administered by infusion.

53. The method of any one of Claims 33 to 52, wherein the administered population of NK

cells is autologous with respect to the patient.
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54. The method of any one of Claims 33 to 52, wherein the administered population of NK

cells is allogeneic with respect to the patient.

55. The method of any one of Claims 33 to 54, further comprising administering IL-2 to

the patient.

56. The method of any one of Claims 33 to 55, further comprising mapping the location of

the intra-hepatic artery prior to accessing the intra-hepatic artery.

57. The method of any one of Claims 33 to 56, further comprising occluding blood vessels
that do not supply blood to the liver.

58. The method of any one of Claims 33 to 57, wherein the administration of the population
of NK cells is repeated once every 1 week, once every 2 weeks, once every 3 weeks, or once every

4 weeks.

59. The method of any one of Claims 33 to 58, wherein the infusion of the composition

results in at least a 25% decrease in the primary liver tumor burden.

60. The method of any one of Claims 33 to 59, wherein the primary liver tumor is

hepatocellular carcinoma.
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SEQUENCE LISTING

<110> Nkarta, Inc.

<120> NATURAL KILLER CELL COMPOSITIONS AND IMMUNOTHERAPY METHODS FOR
TREATING HEPATOCELLULAR CARCINOMA

<130> NKT.025WO0
<150>
<151>

62/730939
2018-09-13

<150>
<151>

62/821360
2019-03-20

<150>
<151>

62/841768
2019-05-01

<150>
<151>

62/875893
2019-07-18

<160> 44

<170> PatentIn version 3.5
210> 1

211> 1714

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature

<223> NK45-1 DNA

<400> 1

atggccttac cagtgaccgc cttgctcctg ccgetggect tgetgetcca cgecgecagg 60
ccgttattca accaagaagt tcaaattccc ttgaccgaaa gttactgtgg cccatgtcct 120
aaaaactgga tatgttacaa aaataactgc taccaatttt ttgatgagag taaaaactgg 180
tatgagagcc aggcttcttg tatgtctcaa aatgccagcc ttctgaaagt atacagcaaa 240
gaggaccagg atttacttaa actggtgaag tcatatcatt ggatgggact agtacacatt 300
ccaacaaatg gatcttggca gtgggaagat ggctccattc tctcacccaa cctactaaca 360
ataattgaaa tgcagaaggg agactgtgca ctctatgcct cgagctttaa aggctatata 420
gaaaactgtt caactccaaa tacgtacatc tgcatgcaaa ggactgtgga gtccaaatat 480
ggtcccccat gcccatcatg cccaatctac atctgggege ccttggecgg gacttgtggg 540



gtccttcetec
tatatattca
agctgccgat
agcgcagacg
ggacgaagag
ggaaagccga
atggcggagg
gatggccttt
caggccctgce
gtcgaagaga
ctccttcttc
gaggacctta
ccgtcctgta
gagtctgggg
tctctctcat
gaaaaaaaca
acgtccacta
cccctetcetce
ggcctggatt
ctgcttetet
<210> 2

<211> 571

<212> PRT
<213>

<220>
<221>
<223>

<400> 2

tgtcactggt
aacaaccatt
ttccagaaga
cccccgegta
aggagtacga
gaaggaagaa
cctacagtga
accagggtct
cccctegegg
atcccggtcc
atgccgctceg
tacagtctat
aggtaacggc
acgcaagcat
ctaatggaaa
tcaaagaatt
ccacacccgc
tgcgccccga
ttgcgtgcga

cactcgttat

Homo sapiens

MISC_FEATURE
NK45-1 Amino Acid

tatcaccctt
tatgagacca
agaagaagga
ccagcagggc
tgttttggac
ccctcaggaa
gattgggatg
cagtacagcc
ctctggegag
gatggccctc
ccccaactgg
gcatattgac
catgaaatgc
ccacgatacg
cgttacagag
tcttcaatcec
cccgaggcca
ggcttgecgg
tatatacatc

tacgctgtac

tactgcaaac
gtacaaacta
ggatgtgaac
cagaaccagc
aagagacgtg
ggcctgtaca
aaaggcgagc
accaaggaca
ggaaggggtt
ccagtaactg
gtcaacgtga
gctacactgt
tttcttctgg
gttgaaaacc
agtgggtgta
ttcgttcaca
cctacgcegg
cctgecggetg
tgggcacctc

tgct

ggggcagaaa

ctcaagagga
tgagagtgaa
tctataacga

gcegggaccc

atgaactgca
gccggagess
cctacgacgc
ccctgettac
ccctcctttt
ttagcgattt
atactgagag
agctccaggt
tcatcatcct
aggagtgcga
tagtgcaaat
caccgactat
gtggggceggt

ttgccggeac

gaaactcctg
agatggctgt
gttcagcagg
gctcaatcta
tgagatggge
gaaagataag
caaggggcac
ccttcacatg
ttgcggegac
gcccctegea
gaagaaaatc
tgatgtacac
catcagcttg
tgcgaacaac
agagttggaa
gttcattaac
cgccagtcaa

ccacacccgg

ctgcggagtg

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1714



His

Glu

Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Gly

Gly

Lys

Arg

Ala

Ser

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Thr

Arg

Pro
210

Ala

Tyr

35

Tyr

Cys

Gln

His

Ser

115

Leu

Asn

Pro

Cys

Gly

195

Val

Arg

20

Cys

Gln

Met

Asp

Ile

100

Pro

Tyr

Thr

Cys

Gly

180

Gln

Pro

Gly

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

165

Val

Lys

Thr

Leu

Pro

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Ser

Leu

Lys

Thr

Phe

Cys

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Leu

Leu

Gln
215

Asn

Pro

40

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Pro

Leu

Leu

200

Glu

Gln

25

Lys

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Ile

Ser

185

Tyr

Glu

10

Glu

Asn

Lys

Leu

Lys

90

Ile

Gly

Arg

Tyr

170

Leu

Ile

Asp

Val

Trp

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Val

Phe

Gly

Gln

Ile

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Trp

Ile

Lys

Cys
220

Ile

Cys

45

Tyr

Val

His

Glu

Gln

125

Glu

Glu

Ala

Thr

Gln

205

Ser

Pro

30

Tyr

Glu

Tyr

Trp

Asp

110

Lys

Asn

Ser

Pro

Leu

190

Pro

Cys

15

Leu

Lys

Ser

Ser

Met

95

Gly

Gly

Cys

Lys

Leu

175

Tyr

Phe

Arg

Thr

Asn

Gln

Lys

80

Gly

Ser

Asp

Ser

Tyr

160

Ala

Cys

Met

Phe



Pro

225

Ser

Glu

Arg

Gln

Tyr

305

Asp

Ala

Gly

Ala

Ala

385

Glu

Ser

Leu

Glu

Ala

Leu

Gly

Glu

290

Ser

Gly

Leu

Ser

Leu

370

Ala

Asp

Asp

Glu

Glu

Asp

Asn

Arg

275

Gly

Glu

Leu

His

Leu

355

Pro

Arg

Leu

Val

Leu

Glu

Ala

Leu

260

Asp

Leu

Ile

Tyr

Met

340

Leu

Val

Pro

Ile

His

420

Gln

Glu

Pro

245

Gly

Pro

Tyr

Gly

Gln

325

Gln

Thr

Thr

Asn

Gln

405

Pro

Val

Gly

230

Ala

Arg

Glu

Asn

Met

310

Gly

Ala

Cys

Ala

Trp

390

Ser

Ser

Ile

Gly

Tyr

Arg

Met

Glu

295

Lys

Leu

Leu

Gly

Leu

375

Val

Met

Cys

Ser

Cys

Gln

Glu

Gly

280

Leu

Gly

Ser

Pro

Asp

360

Leu

Asn

His

Lys

Leu

Glu

Gln

Glu

265

Gly

Gln

Glu

Thr

Pro

345

Val

Leu

Val

Ile

Val

425

Glu

Leu

Gly

250

Tyr

Lys

Lys

Arg

Ala

330

Arg

Glu

Pro

Ile

Asp

410

Thr

Ser

Arg

235

Gln

Asp

Pro

Asp

Arg

315

Thr

Gly

Glu

Leu

Ser

395

Ala

Ala

Gly

Val

Asn

Val

Arg

Lys

300

Arg

Lys

Ser

Asn

Ala

380

Asp

Thr

Met

Asp

Lys

Gln

Leu

Arg

285

Met

Gly

Asp

Gly

Pro

365

Leu

Leu

Leu

Lys

Ala

Phe

Leu

Asp

270

Lys

Ala

Lys

Thr

Glu

350

Gly

Leu

Lys

Tyr

Cys

430

Ser

Ser

Tyr

255

Lys

Asn

Glu

Gly

Tyr

335

Gly

Pro

Leu

Lys

Thr

415

Phe

Ile

Arg

240

Asn

Arg

Pro

Ala

His

320

Asp

Arg

Met

His

Ile

400

Glu

Leu

His



Asp

Asn

465

Glu

Met

Pro

Cys

Ala

545

Leu

Thr

450

Gly

Lys

Phe

Ala

Arg

530

Cys

Leu

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>
atggccttac cagtgaccge cttgectcctg ccgetggect

1

435

Val

Asn

Asn

Ile

Pro

515

Pro

Asp

Leu

818

DNA

H

omo

Glu

Val

Ile

Asn

500

Thr

Ala

Ile

Ser

Asn

Thr

Lys

485

Thr

Ile

Ala

Tyr

Leu
565

sapiens

misc_feature
NK45-2 DNA

3

Leu

Glu

470

Glu

Ser

Ala

Gly

Ile

550

Val

Ile
455

Ser

Phe

Thr

Ser

Gly

535

Trp

Ile

449

Ile

Gly

Leu

Thr

Gln

520

Ala

Ala

Thr

Leu

Cys

Gln

Thr

505

Pro

Val

Pro

Leu

Ala

Lys

Ser

490

Pro

Leu

His

Leu

Tyr
570

Asn

Glu

475

Phe

Ala

Ser

Thr

Ala

555

Cys

ccgttattca accaagaagt tcaaattccc ttgaccgaaa

aaaaactgga tatgttacaa aaataactgc taccaatttt

tatgagagcc aggcttcttg tatgtctcaa aatgccagcec

Asn

460

Cys

Val

Pro

Leu

Arg

540

Gly

tgctgctcca cgecgecagg
gttactgtgg cccatgtcct
ttgatgagag taaaaactgg

ttctgaaagt atacagcaaa

445

Ser

Glu

His

Arg

Arg

525

Gly

Thr

Leu

Glu

Ile

Pro

510

Pro

Leu

Cys

Ser

Leu

Val

495

Pro

Glu

Asp

Gly

Ser

Glu

480

Gln

Thr

Ala

Phe

Val
560

60

120

180

240



gaggaccagsg

ccaacaaatg
ataattgaaa
gaaaactgtt
gcgcegegac
gaggcgtgcc
gatttttggg
gtggccttta
atgaacatga
ccacgcgact
gcgtaccagc
tacgatgttt
aagaaccctc
agtgagattg
ggtctcagta
cgcggctetg
ggtccgatgg
gctcgeecca
tctatgcata
acggccatga
agcatccacg
ggaaacgtta
gaatttcttc
cccgeeccga
cccgaggett
tgcgatatat

gttattacgc

atttacttaa
gatcttggca
tgcagaaggg
caactccaaa
caccaacacc
ggccageggc
tgctggtggt
ttattttctg
ctcccegecg
tcgcagcecta
agggccagaa
tggacaagag
aggaaggcct
ggatgaaagg
cagccaccaa
gcgagggaag
ccctcccagt
actgggtcaa
ttgacgctac
aatgctttct
atacggttga
cagagagtgg
aatccttcgt
ggccacctac
gceggecetgce
acatctgggc

tgtactgc

actggtgaag
gtgggaagat
agactgtgca
tacgtacatc

ggcgcccacc

gggegeececa
ggttggtgga
ggtgaggagt
cccegggecc
tcgctccaga
ccagctctat
acgtggeegg
gtacaatgaa
cgagcgeegg
ggacacctac
gggttccctg
aactgccctc
cgtgattagc
actgtatact
tctggagcetc
aaacctcatc
gtgtaaggag
tcacatagtg
gccggeaccg

ggctgetegg

acctcttgec

tcatatcatt
ggctccattc
ctctatgect
tgcatgcaaa
atcgcgtcgce
gtgcacacga
gtcctggett
aagaggagca
acccgcaagc
gtgaagttca
aacgagctca
gaccctgaga
ctgcagaaag
aggggcaagg
gacgcccttc
cttacttgceg
cttttgcccc
gatttgaaga
gagagtgatg
caggtcatca
atccttgcga
tgcgaagagt
caaatgttca
actatcgcca

gcggtccaca

ggcacctgeg

ggatgggact

tctcacccaa
cgagctttaa
ggactgtgac
agcccctgtce
gggggctgga
gctatagcett
ggctcctgcea
attaccagcc
gcaggagcgc
atctaggacg

tgggeggaaa

ataagatggc

ggcacgatgg
acatgcaggc
gcgacgtcga
tcgcactcct
aaatcgagga
tacacccgtc
gcttggagtc
acaactctct
tggaagaaaa
ttaacacgtc
gtcaacccct

cccggggect

gagtgctgct

agtacacatt
cctactaaca
aggctatata
cacgacgcca
cctgegececa
cttcgectgt
gctagtaaca
cagtgactac
ctatgcccca
agacgccccc
aagagaggag
gccgagaagg
ggaggcctac
cctttaccag
cctgcecect
agagaatccc
tcttcatgcec
ccttatacag
ctgtaaggta
tggggacgca
ctcatctaat
aaacatcaaa
cactaccaca
ctctctgegce
ggattttgcg

tctctcactc

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1818



<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

4
6
P

06
RT

Homo sapiens

MISC_FEATURE
NK45-2 Amino

4

Met Ala Leu Pro

1

His

Glu

Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Ala

Ala

Ser

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Ala Arg

20

Tyr Cys

Tyr Gln

Cys Met

Gln Asp

His Ile

100

Ser Pro

115

Leu Tyr

Asn Thr

Arg Pro

Val

Pro

Gly

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

Acid

Thr

Leu

Pro

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Thr

Ala

Phe

Cys

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Pro

Leu

Asn

Pro

40

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Ala

Leu

Gln

25

Lys

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Pro

Leu

10

Glu

Asn

Lys

Leu

Lys

90

Trp

Ile

Gly

Arg

Thr

Pro

Val

Trp

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Leu

Gln

Ile

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Ala

Ala

Ile

Cys

45

Tyr

Val

His

Glu

Gln

125

Glu

Thr

Ser

Leu

Pro

30

Tyr

Glu

Tyr

Trp

Asp

110

Lys

Asn

Thr

Gln

Leu

15

Leu

Lys

Ser

Ser

Met

95

Gly

Gly

Cys

Thr

Pro

Leu

Thr

Asn

Gln

Lys

80

Gly

Ser

Asp

Ser

Pro

160

Leu



Ser

Thr

Gly

Ile

225

Met

Pro

Phe

Leu

Asp

305

Lys

Ala

Lys

Thr

Leu

Arg

Gly

210

Phe

Asn

Tyr

Ser

Tyr

290

Lys

Asn

Glu

Gly

Tyr
370

Arg

Gly

195

Val

Trp

Met

Ala

Arg

275

Asn

Arg

Pro

Ala

His

355

Asp

Pro

180

Leu

Leu

Val

Thr

Pro

260

Ser

Glu

Arg

Gln

Tyr

340

Asp

Ala

165

Glu

Asp

Ala

Arg

Pro

245

Pro

Ala

Leu

Gly

Glu

325

Ser

Gly

Leu

Ala

Phe

Cys

Ser

230

Arg

Arg

Asp

Asn

Arg

310

Gly

Glu

Leu

His

Cys

Ala

Tyr

215

Lys

Arg

Asp

Ala

Leu

295

Asp

Leu

Ile

Tyr

Met
375

Arg

Cys

200

Ser

Arg

Pro

Phe

Pro

280

Gly

Pro

Tyr

Gly

Gln

360

Gln

Pro

185

Asp

Leu

Ser

Gly

Ala

265

Ala

Arg

Glu

Asn

Met

345

Gly

Ala

170

Ala

Phe

Leu

Arg

Pro

250

Ala

Tyr

Arg

Met

Glu

330

Lys

Leu

Leu

Ala

Trp

Val

Leu

235

Thr

Tyr

Gln

Glu

Gly

315

Leu

Gly

Ser

Pro

Gly

Val

Thr

220

Leu

Arg

Arg

Gln

Glu

300

Gly

Gln

Glu

Thr

Pro
380

Gly

Leu

205

Val

His

Lys

Ser

Gly

285

Tyr

Lys

Lys

Arg

Ala

365

Arg

Ala

190

Val

Ala

Ser

His

Arg

270

Gln

Asp

Pro

Asp

Arg

350

Thr

Gly

175

Val

Val

Phe

Asp

Tyr

255

Val

Asn

Val

Arg

Lys

335

Arg

Lys

Ser

His

Val

Ile

Tyr

240

Gln

Lys

Gln

Leu

Arg

320

Met

Gly

Asp

Gly



Glu

385

Gly

Leu

Lys

Tyr

Cys

465

Ser

Leu

Glu

Ile

Pro

545

Pro

Leu

Cys

Gly

Pro

Leu

Lys

Thr

450

Phe

Ile

Ser

Leu

Val

530

Pro

Glu

Asp

Gly

Arg

Met

His

Ile

435

Glu

Leu

His

Ser

Glu

515

Gln

Thr

Ala

Phe

Val

Gly

Ala

Ala

420

Glu

Ser

Leu

Asp

Asn

500

Glu

Met

Pro

Cys

Ala

580

Leu

Ser

Leu

405

Ala

Asp

Asp

Glu

Thr

485

Gly

Lys

Phe

Ala

Arg

565

Cys

Leu

Leu

390

Pro

Arg

Leu

Val

Leu

470

Val

Asn

Asn

Ile

Pro

550

Pro

Asp

Leu

Leu

Val

Pro

Ile

His

455

Gln

Glu

Val

Ile

Asn

535

Thr

Ala

Ile

Ser

Thr

Thr

Asn

Gln

449

Pro

Val

Asn

Thr

Lys

520

Thr

Ile

Ala

Tyr

Leu

Cys

Ala

Trp

425

Ser

Ser

Ile

Leu

Glu

505

Glu

Ser

Ala

Gly

Ile

585

Val

Gly

Leu

410

Val

Met

Cys

Ser

Ile

490

Ser

Phe

Thr

Ser

Gly

570

Trp

Ile

Asp

395

Leu

Asn

His

Lys

Leu

475

Ile

Gly

Leu

Thr

Gln

555

Ala

Ala

Thr

Val

Leu

Val

Ile

Val

460

Glu

Leu

Cys

Gln

Thr

540

Pro

Val

Pro

Leu

Glu

Pro

Ile

Asp

445

Thr

Ser

Ala

Lys

Ser

525

Pro

Leu

His

Leu

Tyr

Glu

Leu

Ser

430

Ala

Ala

Gly

Asn

Glu

510

Phe

Ala

Ser

Thr

Ala

590

Cys

Asn

Ala

415

Asp

Thr

Met

Asp

Asn

495

Cys

Val

Pro

Leu

Arg

575

Gly

Pro

400

Leu

Leu

Leu

Lys

Ala

480

Ser

Glu

His

Arg

Arg

560

Gly

Thr



595

<210> 5
<211>
<212>
<213>

DNA

<220>
<221>
<223>

<400> 5
atggccttac

ccgttattca
aaaaactgga
tatgagagcc
gaggaccagg
ccaacaaatg
ataattgaaa
gaaaactgtt
ggtcccccat
tgctatagcet
aggctcctgce
cattaccagc
agcaggagcg
aatctaggac

atggggegaa

gataagatgg

gggcacgatg
cacatgcagg
ggcgacgtcg

ctcgcactcc

1719

Homo sapiens

misc_feature
NK45-3 DNA

cagtgaccgc
accaagaagt
tatgttacaa
aggcttcttg
atttacttaa
gatcttggca
tgcagaaggg
caactccaaa
gcccatcatg
tgctagtaac
acagtgacta
cctatgcccc
cagacgcccc
gaagagagga
agccgagaag
cggaggccta
gcctttacca
ccctgecccc
aagagaatcc

ttcttcatgce

600

cttgctectg
tcaaattccc
aaataactgc
tatgtctcaa
actggtgaag
gtgggaagat
agactgtgca
tacgtacatc
cccattttgg
agtggccttt
catgaacatg
accacgcgac
cgcgtaccag
gtacgatgtt
gaagaaccct
cagtgagatt
gggtctcagt
tcgeggetct
cggtccgatg

cgctegececc

ccgctggect
ttgaccgaaa
taccaatttt
aatgccagcc
tcatatcatt
ggctccattc
ctctatgect
tgcatgcaaa
gtgctggtgg
attattttct
actccccgec
ttcgcagect
cagggccaga
ttggacaaga
caggaaggcc
gggatgaaag
acagccacca
ggcgagggaa
gccctecccag

aactgggtca

605

tgctgctcca
gttactgtgg
ttgatgagag
ttctgaaagt
ggatgggact
tctcacccaa
cgagctttaa
ggactgtgga
tggttggteg
gegtgaggag
gcceegggec
atcgctccag
accagctcta
gacgtggceg
tgtacaatga
gcgagcgecg
aggacaccta
ggggttccct
taactgccect

acgtgattag

cgccgecagg
cccatgtect
taaaaactgg
atacagcaaa
agtacacatt
cctactaaca
aggctatata
gtccaaatat
agtcctggct
taagaggagc
cacccgcaag
agtgaagttc
taacgagctc

ggaccctgag

actgcagaaa
gaggggcaag
cgacgcectt
gcttacttgc
ccttttgecec

cgatttgaag

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200



aaaatcgagg
gtacacccgt
agcttggagt
aacaactctc
ttggaagaaa
attaacacgt

agtcaacccc

acccggggcc

ggagtgctgc

<210> 6

<211> 573
<212> PRT
<213>

<220>
<221>
<223>

<400> 6

Met Ala Leu Pro

1

His Ala

Glu Ser

Asn Cys

50

Ala
65

Ser

Glu Asp

Ala Arg

Tyr Cys

Tyr Gln

Cys Met

Gln Asp

accttataca
cctgtaaggt
ctggggacgc
tctcatctaa
aaaacatcaa
ccactaccac
tctctctgeg
tggattttgc

ttctctcact

Homo sapiens

MISC_FEATURE
NK45-3 Amino

Ac

Val Th

Pro Le

20

Gly Pr

Phe

Ph

Gl
70

Ser

Leu Le

85

gtctatgcat
aacggccatg
aagcatccac
tggaaacgtt
agaatttctt
acccgeccecg
ccccgaggcet
gtgcgatata

cgttattacg

id
r Ala Leu
u Phe

Asn

Pro
40

o Cys

e Asp Glu

55

n Asn Ala

u Lys Leu

attgacgcta
aaatgctttc
gatacggttg
acagagagtg
caatccttcg
aggccaccta
tgccggectg
tacatctggg

ctgtactgc

Leu Pro

10

Leu

Gln
25

Glu val

Lys Asn Trp

Ser Lys Asn

Leu
75

Ser Leu

Val Lys Ser

90

cactgtatac
ttctggagct
aaaacctcat
ggtgtaagga
ttcacatagt
cgccggeacc
cggctggtgg

cacctcttgc

Leu Ala Leu

Gln Ile Pro

30

Ile Cys

45

Tyr

Trp Glu

60

Tyr

Lys Val Tyr

Tyr His Trp

tgagagtgat
ccaggtcatc
catccttgeg
gtgcgaagag
gcaaatgttc
gactatcgcc

ggcggtccac

cggcacctgc

Leu Leu

15

Leu Thr

Lys Asn

Ser Gln

Ser Lys

80

Met
95

Gly

1260

1320

1380

1440

1500

1560

1620

1680

1719



Leu

Ile

Cys

Thr

145

Gly

Gly

Phe

Asn

Tyr

225

Ser

Tyr

Lys

Asn

Glu

Val

Leu

Ala

130

Pro

Pro

Val

Trp

Met

210

Ala

Arg

Asn

Arg

Pro

290

Ala

His

Ser

115

Leu

Asn

Pro

Leu

Val

195

Thr

Pro

Ser

Glu

Arg

275

Gln

Tyr

Ile

100

Pro

Tyr

Thr

Cys

Ala

180

Arg

Pro

Pro

Ala

Leu

260

Gly

Glu

Ser

Pro

Asn

Ala

Tyr

Pro

165

Cys

Ser

Arg

Arg

Asp

245

Asn

Arg

Gly

Glu

Thr

Leu

Ser

Ile

150

Ser

Tyr

Lys

Arg

Asp

230

Ala

Leu

Asp

Leu

Ile

Asn

Leu

Ser

135

Cys

Cys

Ser

Arg

Pro

215

Phe

Pro

Gly

Pro

Tyr

295

Gly

Gly

Thr

120

Phe

Met

Pro

Leu

Ser

200

Gly

Ala

Ala

Arg

Glu

280

Asn

Met

Ser

105

Ile

Lys

Gln

Phe

Leu

185

Arg

Pro

Ala

Tyr

Arg

265

Met

Glu

Lys

Trp

Ile

Gly

Arg

Trp

170

Val

Leu

Thr

Tyr

Gln

250

Glu

Gly

Leu

Gly

Gln

Glu

Tyr

Thr

155

Val

Thr

Leu

Arg

Arg

235

Gln

Glu

Gly

Gln

Glu

Trp

Met

Ile

140

Val

Leu

Val

His

Lys

220

Ser

Gly

Tyr

Lys

Lys

300

Arg

Glu

Gln

125

Glu

Glu

Val

Ala

Ser

205

His

Arg

Gln

Asp

Pro

285

Asp

Arg

Asp

110

Lys

Asn

Ser

Val

Phe

190

Asp

Tyr

Val

Asn

Val

270

Arg

Lys

Arg

Gly

Gly

Cys

Lys

Val

175

Ile

Tyr

Gln

Lys

Gln

255

Leu

Arg

Met

Gly

Ser

Asp

Ser

Tyr

160

Gly

Ile

Met

Pro

Phe

240

Leu

Asp

Lys

Ala

Lys



305

Gly

Tyr

Gly

Pro

Leu

385

Lys

Thr

Phe

Ile

Ser

465

Leu

Val

Pro

His

Asp

Arg

Met

370

His

Ile

Glu

Leu

His

450

Ser

Glu

Gln

Thr

Asp

Ala

Gly

355

Ala

Ala

Glu

Ser

Leu

435

Asp

Asn

Glu

Met

Pro
515

Gly

Leu

340

Ser

Leu

Ala

Asp

Asp

420

Glu

Thr

Gly

Lys

Phe

500

Ala

Leu

325

His

Leu

Pro

Arg

Leu

405

Val

Leu

Val

Asn

Asn

485

Ile

Pro

310

Tyr

Met

Leu

Val

Pro

390

Ile

His

Gln

Glu

Val

470

Ile

Asn

Thr

Gln

Gln

Thr

Thr

375

Asn

Gln

Pro

Val

Asn

455

Thr

Lys

Thr

Ile

Gly

Ala

Cys

360

Ala

Trp

Ser

Ser

Ile

440

Leu

Glu

Glu

Ser

Ala
520

Leu

Leu

345

Gly

Leu

Val

Met

Cys

425

Ser

Ile

Ser

Phe

Thr

505

Ser

Ser

330

Pro

Asp

Leu

Asn

His

410

Lys

Leu

Ile

Gly

Leu

490

Thr

Gln

315

Thr

Pro

Val

Leu

Val

395

Ile

Val

Glu

Leu

Cys

475

Gln

Thr

Pro

Ala

Arg

Glu

Pro

380

Ile

Asp

Thr

Ser

Ala

460

Lys

Ser

Pro

Leu

Thr

Gly

Glu

365

Leu

Ser

Ala

Ala

Gly

445

Asn

Glu

Phe

Ala

Ser
525

Lys

Ser

350

Asn

Ala

Asp

Thr

Met

430

Asp

Asn

Cys

Val

Pro

510

Leu

Asp

335

Gly

Pro

Leu

Leu

Leu

415

Lys

Ala

Ser

Glu

His

495

Arg

Arg

320

Thr

Glu

Gly

Leu

Lys

400

Tyr

Cys

Ser

Leu

Glu

480

Ile

Pro

Pro



Glu Ala Cys
530

Asp Phe Ala
545

Gly val Leu

<210> 7

<211> 1797
<212> DNA
<213> Homo

<220>
<221>
<223>

misc
NK45

<400> 7
atggccttac

ccgttattca
aaaaactgga
tatgagagcc
gaggaccagg
ccaacaaatg
ataattgaaa
gaaaactgtt
gcgeegegac
gaggegtgec
gatatctaca
atcacccttt
ggaggcagtt
aagatcagag

cagctctata

Arg Pro

Cys Asp

Ala Ala Gly Gly Ala

535

Ile Tyr Ile Trp Ala

550

Leu Leu
565

sapiens

_feature
-4 DNA
cagtgaccgc
accaagaagt
tatgttacaa
aggcttcttg
atttacttaa
gatcttggca
tgcagaaggg
caactccaaa
caccaacacc
ggccagegsc
tctgggcgcec
actgccggag
tccggacccc
tgaagttcag

acgagctcaa

Ser Leu Val Ile Thr

cttgctcctg
tcaaattccc
aaataactgc
tatgtctcaa
actggtgaag
gtgggaagat
agactgtgca
tacgtacatc

ggcgcecacc

gggegeececa
cttggccgeg
ggaccagagg
catccaagag
caggagcgca

tctaggacga

Val

Pro
555

Leu
570

ccgctggect
ttgaccgaaa
taccaatttt
aatgccagcc
tcatatcatt
ggctccattc
ctctatgect
tgcatgcaaa
atcgcgtcgce
gtgcacacga
acttgtgggg
ctgccccecg
gagcaggccg

gacgcccccg

agagaggagt

His Thr Arg Gly Leu

540

Leu Ala Gly Thr Cys

Tyr Cys

tgctgctcca
gttactgtgg
ttgatgagag
ttctgaaagt
ggatgggact
tctcacccaa
cgagctttaa
ggactgtgac
agcccctgtce
gggggctgga
tccttctect
atgcccacaa
acgcccactc
cgtaccagca

acgatgtttt

560

cgccgecagg
cccatgtect
taaaaactgg
atacagcaaa
agtacacatt
cctactaaca
aggctatata
cacgacgcca
cctgegececa
cttcgectgt
gtcactggtt
gcceccctggg
caccctggcc
gggccagaac

ggacaagaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900



cgtggeeggg
tacaatgaac
gagcgccgga
gacacctacg
ggttccctgc
actgccctcc
gtgattagcg
ctgtatactg
ctggagctcc
aacctcatca
tgtaaggagt
cacatagtgc
ccggcaccga

gctgetgess

cctcttgecg

<210> 8

<211> 599
<212> PRT
<213>

<220>
<221>
<223>

<400> 8

Met Ala Leu Pro Val

1

His Ala Ala Arg Pro

Glu Ser Tyr Cys Gly

35

accctgagat
tgcagaaaga
ggggcaages
acgcccttca
ttacttgcgg
ttttgecect
atttgaagaa
agagtgatgt
aggtcatcag
tccttgegaa
gcgaagagtt
aaatgttcat
ctatcgccag

cggtccacac

gcacctgegg

Homo sapiens

MISC_FEATURE
NK45-4 Amino

5

20

ggggggaaag
taagatggcg
gcacgatggc
catgcaggcc
cgacgtcgaa
cgcactcctt
aatcgaggac
acacccgtcc
cttggagtct
caactctctc
ggaagaaaaa
taacacgtcc
tcaacccctc

ccggggectg

agtgctgctt

Acid

40

ccgagaagga
gaggcctaca
ctttaccagg
ctgccccctce
gagaatcccg
cttcatgecg
cttatacagt
tgtaaggtaa
ggggacgcaa
tcatctaatg
aacatcaaag
actaccacac
tctetgegec
gattttgegt

ctctcactcg

10

25

agaaccctca
gtgagattgg
gtctcagtac
gcggctetgg
gtccgatggc
ctcgccccaa
ctatgcatat
cggccatgaa
gcatccacga
gaaacgttac
aatttcttca
ccgceccgag
ccgaggcttg
gcgatatata

ttattacgct

30

45

ggaaggectg
gatgaaaggc
agccaccaag
cgagggaagyg
cctcccagta
ctgggtcaac
tgacgctaca
atgctttctt
tacggttgaa
agagagtggg
atccttegtt
gccacctacg
ccggectgeg
catctgggca

gtactgc

Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

15

Leu Phe Asn Gln Glu Val Gln Ile Pro Leu Thr

Pro Cys Pro Lys Asn Trp Ile Cys Tyr Lys Asn

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1797



Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Ala

Ser

Thr

Ala

Cys

225

Gly

Ser

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Leu

Arg

Gly

210

Arg

Gly

Thr

Tyr

Cys

Gln

His

Ser

115

Leu

Asn

Arg

Arg

Gly

195

Thr

Arg

Ser

Leu

Gln

Met

Asp

Ile

100

Pro

Tyr

Thr

Pro

Pro

180

Leu

Cys

Asp

Phe

Ala

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

165

Glu

Asp

Gly

Gln

Arg

245

Lys

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Thr

Ala

Phe

Val

Arg

230

Thr

Ile

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Pro

Cys

Ala

Leu

215

Leu

Pro

Arg

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Ala

Arg

Cys

200

Leu

Pro

Ile

Val

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Pro

Pro

185

Asp

Leu

Pro

Gln

Lys

Lys

Leu

Lys

90

Trp

Ile

Gly

Arg

Thr

170

Ala

Ile

Ser

Asp

Glu

250

Phe

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Ala

Tyr

Leu

Ala

235

Glu

Ser

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Ala

Gly

Ile

Val

220

His

Gln

Arg

Tyr

Val

His

Glu

Gln

125

Glu

Thr

Ser

Gly

Trp

205

Ile

Lys

Ala

Ser

Glu

Tyr

Trp

Asp

110

Lys

Asn

Thr

Gln

Ala

190

Ala

Thr

Pro

Asp

Ala

Ser

Ser

Met

95

Gly

Gly

Cys

Thr

Pro

175

Val

Pro

Leu

Pro

Ala

255

Asp

Gln

Lys

80

Gly

Ser

Asp

Ser

Pro

160

Leu

His

Leu

Tyr

Gly

240

His

Ala



Pro

Gly

Pro

305

Tyr

Gly

Gln

Gln

Thr

385

Thr

Asn

Gln

Pro

Val
465

Ala

Arg

290

Glu

Asn

Met

Gly

Ala

370

Cys

Ala

Trp

Ser

Ser

450

Ile

Tyr

275

Arg

Met

Glu

Lys

Leu

355

Leu

Gly

Leu

Val

Met

435

Cys

Ser

260

Gln

Glu

Gly

Leu

Gly

340

Ser

Pro

Asp

Leu

Asn

420

His

Lys

Leu

Gln

Glu

Gly

Gln

325

Glu

Thr

Pro

Val

Leu

405

Val

Ile

Val

Glu

Gly

Tyr

Lys

310

Lys

Arg

Ala

Arg

Glu

390

Pro

Ile

Asp

Thr

Ser
470

Gln

Asp

295

Pro

Asp

Arg

Thr

Gly

375

Glu

Leu

Ser

Ala

Ala

455

Gly

Asn

280

Val

Arg

Lys

Arg

Lys

360

Ser

Asn

Ala

Asp

Thr

449

Met

Asp

265

Gln

Leu

Arg

Met

Gly

345

Asp

Gly

Pro

Leu

Leu

425

Leu

Lys

Ala

Leu

Asp

Lys

Ala

330

Lys

Thr

Glu

Gly

Leu

410

Lys

Tyr

Cys

Ser

Tyr

Lys

Asn

315

Glu

Gly

Tyr

Gly

Pro

395

Leu

Lys

Thr

Phe

Ile
475

Asn

Arg

300

Pro

Ala

His

Asp

Arg

380

Met

His

Ile

Glu

Leu

460

His

Glu

285

Arg

Gln

Tyr

Asp

Ala

365

Gly

Ala

Ala

Glu

Ser

445

Leu

Asp

270

Leu

Gly

Glu

Ser

Gly

350

Leu

Ser

Leu

Ala

Asp

430

Asp

Glu

Thr

Asn

Arg

Gly

Glu

335

Leu

His

Leu

Pro

Arg

415

Leu

Val

Leu

Val

Leu

Asp

Leu

320

Ile

Tyr

Met

Leu

Val

400

Pro

Ile

His

Gln

Glu
480



Asn

Thr

Lys

Thr

Ile

545

Ala

Tyr

Leu

Leu

Glu

Glu

Ser

530

Ala

Gly

Ile

Val

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>
atggccttac

Ile

Ser

Phe

515

Thr

Ser

Gly

Trp

Ile
595

1698
DNA
Homo

Ile

Gly

500

Leu

Thr

Gln

Ala

Ala

580

Thr

Leu

485

Cys

Gln

Thr

Pro

Val

565

Pro

Leu

sapiens

misc_feature
NK45-5 DNA

9

ccgttattca

aaaaactgga

tatgagagcc

gaggaccagg

cagtgaccgc
accaagaagt
tatgttacaa
aggcttcttg

atttacttaa

Ala

Lys

Ser

Pro

Leu

550

His

Leu

Tyr

Asn

Glu

Phe

Ala

535

Ser

Thr

Ala

Cys

Asn

Cys

Val

520

Pro

Leu

Arg

Gly

cttgctcctg
tcaaattccc
aaataactgc
tatgtctcaa

actggtgaag

Ser

Glu

505

His

Arg

Arg

Gly

Thr
585

Leu

490

Glu

Ile

Pro

Pro

Leu

570

Cys

Ser

Leu

Val

Pro

Glu

555

Asp

Gly

ccgctggect

ttgaccgaaa

taccaatttt

aatgccagcc

tcatatcatt

Ser Asn

Glu Glu

Gln Met

525

Thr Pro

540

Ala Cys

Phe Ala

Val Leu

Gly

Lys

510

Phe

Ala

Arg

Cys

Leu
590

tgctgctcca

gttactgtgg

ttgatgagag

ttctgaaagt

ggatgggact

Asn Val
495

Asn Ile

Ile Asn

Pro Thr

Pro Ala
560

Asp Ile
575

Leu Ser

cgccgecagg
cccatgtect
taaaaactgg
atacagcaaa

agtacacatt

60

120

180

240

300



ccaacaaatg
ataattgaaa
gaaaactgtt
ggtcccccat
gtccttcetec
gatgcccaca
gacgcccact
gcgtaccagc
tacgatgttt
aagaaccctc
agtgagattg
ggtctcagta
cgeggetcetg
ggtccgatgg
gctecgeccca
tctatgcata
acggccatga
agcatccacg
ggaaacgtta
gaatttcttc
cccgecccga
cccgaggcett
tgcgatatat
gttattacgc
<210>
<211>

<212>
<213>

10
566
PRT

gatcttggca
tgcagaaggg
caactccaaa
gcccatcatg
tgtcactggt
agccccctgg

ccaccctggce

agggccagaa
tggacaagag
aggaaggcct
ggatgaaagg
cagccaccaa
gcgagggaag
ccctcccagt
actgggtcaa
ttgacgctac
aatgctttct
atacggttga
cagagagtgg
aatccttcgt
ggccacctac
gcecggecetgce
acatctgggc

tgtactgc

Homo sapiens

gtgggaagat
agactgtgca
tacgtacatc
cccaatctac
tatcaccctt
gggaggcagt
caagatcaga
ccagctctat
acgtggeegg
gtacaatgaa
cgagcgeegg
ggacacctac
gggttccctg
aactgccctc
cgtgattagc
actgtatact
tctggagctc
aaacctcatc
gtgtaaggag
tcacatagtg
gccggeaccg

ggctgetgeg

acctcttgec

ggctccattc
ctctatgect
tgcatgcaaa
atctgggcgc
tactgccgga
ttccggaccc
gtgaagttca
aacgagctca
gaccctgaga
ctgcagaaag
aggggcaagg
gacgcccttc
cttacttgceg
cttttgcccc
gatttgaaga
gagagtgatg
caggtcatca
atccttgega
tgcgaagagt
caaatgttca
actatcgcca
gcggtccaca

ggcacctgeg

tctcacccaa
cgagctttaa
ggactgtgga
ccttggecgg
gggaccagag
ccatccaaga
gcaggagcgc
atctaggacg

tgggeggaaa

ataagatggc

ggcacgatgg
acatgcaggc
gcgacgtcga
tcgcactcct
aaatcgagga
tacacccgtc
gcttggagtc
acaactctct
tggaagaaaa
ttaacacgtc
gtcaacccct

cccggggect

gagtgctgct

cctactaaca
aggctatata
gtccaaatat
gacttgtggg
gctgeccccc
ggagcaggcc
agacgccccc
aagagaggag
gccgagaagg
ggaggcctac
cctttaccag
cctgeccect
agagaatccc
tcttcatgcec
ccttatacag
ctgtaaggta
tggggacgca
ctcatctaat
aaacatcaaa
cactaccaca
ctctctgegce
ggattttgcg

tctctcactc

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1698



<220>
<221>
<223>

<400>

MISC_FEATURE
NK45-5 Amino

10

Met Ala Leu

1

His

Glu

Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Gly

Gly

Ala

Ser

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Thr

Ala

Tyr

35

Tyr

Cys

Gln

His

Ser

115

Leu

Asn

Pro

Cys

Pro

Arg

20

Cys

Gln

Met

Asp

Ile

100

Pro

Tyr

Thr

Cys

Gly
180

Val

Pro

Gly

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

165

Val

Acid

Thr

Leu

Pro

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Ser

Leu

Ala

Phe

Cys

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Cys

Leu

Leu

Asn

Pro

40

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Pro

Leu

Leu

Gln

25

Lys

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Ile

Ser
185

Leu

10

Glu

Asn

Lys

Leu

Lys

90

Trp

Ile

Gly

Arg

Tyr

170

Leu

Pro

Val

Trp

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Val

Leu

Gln

Ile

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Trp

Ile

Ala

Ile

Cys

45

Tyr

Val

His

Glu

Gln

125

Glu

Glu

Ala

Thr

Leu

Pro

30

Tyr

Glu

Tyr

Trp

Asp

110

Lys

Asn

Ser

Pro

Leu
190

Leu

15

Leu

Lys

Ser

Ser

Met

95

Gly

Gly

Cys

Lys

Leu

175

Tyr

Leu

Thr

Asn

Gln

Lys

80

Gly

Ser

Asp

Ser

Tyr

160

Ala

Cys



Arg

Gly

Thr

225

Ala

Arg

Glu

Asn

Met

305

Gly

Ala

Cys

Ala

Trp

385

Ser

Arg

Ser

210

Leu

Tyr

Arg

Met

Glu

290

Lys

Leu

Leu

Gly

Leu

370

Val

Met

Asp

195

Phe

Ala

Gln

Glu

Gly

275

Leu

Gly

Ser

Pro

Asp

355

Leu

Asn

His

Gln

Arg

Lys

Gln

Glu

260

Gly

Gln

Glu

Thr

Pro

340

Val

Leu

Val

Ile

Arg

Thr

Ile

Gly

245

Tyr

Lys

Lys

Arg

Ala

325

Arg

Glu

Pro

Ile

Asp

Leu

Pro

Arg

230

Gln

Asp

Pro

Asp

Arg

310

Thr

Gly

Glu

Leu

Ser

390

Ala

Pro

Ile

215

Val

Asn

Val

Arg

Lys

295

Arg

Lys

Ser

Asn

Ala

375

Asp

Thr

Pro

200

Gln

Lys

Gln

Leu

Arg

280

Met

Gly

Asp

Gly

Pro

360

Leu

Leu

Leu

Asp

Glu

Phe

Leu

Asp

265

Lys

Ala

Lys

Thr

Glu

345

Gly

Leu

Lys

Tyr

Ala

Glu

Ser

Tyr

250

Asn

Glu

Gly

Tyr

330

Gly

Pro

Leu

Lys

Thr

His

Gln

Arg

235

Asn

Arg

Pro

Ala

His

315

Asp

Arg

Met

His

Ile

395

Glu

Lys

Ala

220

Ser

Glu

Arg

Gln

Tyr

300

Asp

Ala

Gly

Ala

Ala

380

Glu

Ser

Pro

205

Ala

Leu

Gly

Glu

285

Ser

Gly

Leu

Ser

Leu

365

Ala

Asp

Asp

Pro

Ala

Asp

Asn

Arg

270

Gly

Glu

Leu

His

Leu

350

Pro

Arg

Leu

Val

Gly

His

Ala

Leu

255

Asp

Leu

Ile

Tyr

Met

335

Leu

Val

Pro

Ile

His

Gly

Ser

Pro

240

Gly

Pro

Tyr

Gly

Gln

320

Gln

Thr

Thr

Asn

Gln

400

Pro



Ser

Ile

Leu

Glu

465

Glu

Ser

Ala

Gly

Ile

545

Val

Cys

Ser

Ile

450

Ser

Phe

Thr

Ser

Gly

530

Trp

Ile

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

Lys

Leu

435

Ile

Gly

Leu

Thr

Gln

515

Ala

Ala

Thr

11
1800
DNA
Homo

Val

420

Glu

Leu

Cys

Gln

Thr

500

Pro

Val

Pro

Leu

405

Thr

Ser

Ala

Lys

Ser

485

Pro

Leu

His

Leu

Tyr
565

sapiens

misc_feature
NK45-6 DNA

11

Ala

Gly

Asn

Glu

470

Phe

Ala

Ser

Thr

Ala

550

Cys

Met

Asp

Asn

455

Cys

Val

Pro

Leu

Arg
535

Lys

Ala

449

Ser

Glu

His

Arg

Arg

520

Gly

Thr

Cys

425

Ser

Leu

Glu

Ile

Pro

505

Pro

Leu

Cys

410

Phe

Ile

Ser

Leu

Val

490

Pro

Glu

Asp

Gly

Leu

His

Ser

Glu

475

Gln

Thr

Ala

Phe

Val
555

Leu

Asp

Asn

460

Glu

Met

Pro

Cys

Ala

540

Leu

Glu

Thr

445

Lys

Phe

Ala

Arg

525

Cys

Leu

Leu

430

Val

Asn

Asn

Ile

Pro

510

Pro

Asp

Leu

415

Gln

Glu

Val

Ile

Asn

495

Thr

Ala

Ile

Ser

Val

Asn

Thr

Lys

480

Thr

Ile

Ala

Tyr

Leu
560



atggccttac
ccgttattca
aaaaactgga
tatgagagcc
gaggaccagg
ccaacaaatg
ataattgaaa
gaaaactgtt
gcgecgegac
gaggcgtgcec
gatcccaaac
gcettgttec
cgcceegggc
tatcgctcca
aaccagctct
agacgtggcc
ctgtacaatg
ggcgagegcec
aaggacacct
aggggttccc
gtaactgccc
aacgtgatta
acactgtata
cttctggagc
gaaaacctca

gggtgtaagg

gttcacatag

cagtgaccgc
accaagaagt
tatgttacaa
aggcttcttg
atttacttaa
gatcttggca
tgcagaaggg
caactccaaa
caccaacacc
ggccageggc
tctgctacct
tgaagaggag
ccacccgcaa
gagtgaagtt
ataacgagct

gggaccctga

aactgcagaa
ggaggggcaa
acgacgccct
tgcttacttg
tecttttgec
gcgatttgaa
ctgagagtga
tccaggtcat
tcatccttgc
agtgcgaaga

tgcaaatgtt

cttgctcctg
tcaaattccc
aaataactgc
tatgtctcaa
actggtgaag
gtgggaagat
agactgtgca
tacgtacatc

ggcgcccacc

gggeeececa
gctggatgga
caggctcctg
gcattaccag
cagcaggagc
caatctagga
gatgggggea
agataagatg
ggggcacgat
tcacatgcag
cggcgacgtc
cctcgecactc
gaaaatcgag
tgtacacccg
cagcttggag
gaacaactct
gttggaagaa

cattaacacg

ccgctggect
ttgaccgaaa
taccaatttt
aatgccagcc
tcatatcatt
ggctccattc
ctctatgect
tgcatgcaaa
atcgcgtcgce
gtgcacacga
atcctcttca
cacagtgact
ccctatgecc
gcagacgccc
cgaagagagg
aagccgagaa
gcggaggect
ggcctttacc
gcectgececc
gaagagaatc
cttcttcatg
gaccttatac
tcctgtaagg
tctggggacg
ctctcatcta
aaaaacatca

tccactacca

tgctgctcca
gttactgtgg
ttgatgagag
ttctgaaagt
ggatgggact
tctcacccaa
cgagctttaa
ggactgtgac
agcccctgtce
gggggctgga
tctatggtgt
acatgaacat
caccacgcga
ccgcgtacca
agtacgatgt
ggaagaaccc
acagtgagat
agggtctcag
ctcgeggetc
ccggtccgat
ccgctegecc
agtctatgca
taacggccat
caagcatcca
atggaaacgt
aagaatttct

cacccgcccc

cgccgecagg
cccatgtect
taaaaactgg
atacagcaaa
agtacacatt
cctactaaca
aggctatata
cacgacgcca
cctgegecca
cttcgectgt
cattctcact
gactccccgc
cttcgcagcc
gcagggecag
tttggacaag
tcaggaaggc
tgggatgaaa
tacagccacc
tggcgaggga
ggccctcecca
caactgggtc
tattgacgct
gaaatgcttt
cgatacggtt
tacagagagt
tcaatccttc

gaggccacct

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620



acgccggcac cgactatcge cagtcaaccc ctctctetge geccccgagge ttgeeggect 1680

gcggetggtg gggeggtcca caccegggge ctggattttg cgtgegatat atacatctgg 1740
gcacctcttg ccggcacctg cggagtgetg cttctctcac tcgttattac gectgtactgce 1800
<210> 12

<211> 600

<212> PRT

<213> Homo sapiens

<220>

<221> MISC_FEATURE

<223> NK45-6 Amino Acid

<400> 12

Met Ala Leu Pro Val Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu
1 5 10 15

His Ala Ala Arg Pro Leu Phe Asn Gln Glu Val Gln Ile Pro Leu Thr
20 25 30

Glu Ser Tyr Cys Gly Pro Cys Pro Lys Asn Trp Ile Cys Tyr Lys Asn

Asn Cys Tyr Gln Phe Phe Asp Glu Ser Lys Asn Trp Tyr Glu Ser Gln
50 55 60

Ala Ser Cys Met Ser Gln Asn Ala Ser Leu Leu Lys Val Tyr Ser Lys
65 70 75 80

Glu Asp Gln Asp Leu Leu Lys Leu Val Lys Ser Tyr His Trp Met Gly
85 90 95

Leu Val His Ile Pro Thr Asn Gly Ser Trp Gln Trp Glu Asp Gly Ser
100 105 110

Ile Leu Ser Pro Asn Leu Leu Thr Ile Ile Glu Met Gln Lys Gly Asp
115 120 125

Cys Ala Leu Tyr Ala Ser Ser Phe Lys Gly Tyr Ile Glu Asn Cys Ser
130 135 140



Thr

145

Ala

Ser

Thr

Asp

Lys

225

Arg

Asp

Ala

Leu

Asp

305

Leu

Ile

Tyr

Pro

Pro

Leu

Arg

Gly

210

Arg

Pro

Phe

Pro

Gly

290

Pro

Tyr

Gly

Gln

Asn

Arg

Arg

Gly

195

Ile

Ser

Gly

Ala

Ala

275

Arg

Glu

Asn

Met

Gly

Thr

Pro

Pro

180

Leu

Leu

Arg

Pro

Ala

260

Tyr

Arg

Met

Glu

Lys

340

Leu

Tyr

Pro

165

Glu

Asp

Phe

Leu

Thr

245

Tyr

Gln

Glu

Gly

Leu

325

Gly

Ser

Ile

150

Thr

Ala

Phe

Ile

Leu

230

Arg

Arg

Gln

Glu

Gly

310

Gln

Glu

Thr

Cys

Pro

Cys

Ala

Tyr

215

His

Lys

Ser

Gly

Tyr

295

Lys

Arg

Ala

Met

Ala

Arg

Cys

200

Gly

Ser

His

Arg

Gln

280

Asp

Pro

Asp

Arg

Thr

Gln

Pro

Pro

185

Asp

Val

Asp

Tyr

Val

265

Asn

Val

Arg

Lys

Arg

345

Lys

Arg

Thr

170

Ala

Pro

Ile

Tyr

Gln

250

Lys

Gln

Leu

Arg

Met

330

Gly

Asp

Thr

155

Ile

Ala

Lys

Leu

Met

235

Pro

Phe

Leu

Asp

Lys

315

Ala

Lys

Thr

Val

Ala

Gly

Leu

Thr

220

Asn

Tyr

Ser

Tyr

Lys

300

Asn

Glu

Gly

Tyr

Thr

Ser

Gly

Cys

205

Ala

Met

Ala

Arg

Asn

285

Arg

Pro

Ala

His

Asp

Thr

Gln

Ala

190

Tyr

Leu

Thr

Pro

Ser

270

Glu

Arg

Gln

Tyr

Asp

350

Ala

Thr

Pro

175

Val

Leu

Phe

Pro

Pro

255

Ala

Leu

Gly

Glu

Ser

335

Gly

Leu

Pro

160

Leu

His

Leu

Leu

Arg

240

Arg

Asp

Asn

Arg

Gly

320

Glu

Leu

His



Met

Leu

385

Val

Pro

Ile

His

Gln

465

Glu

Val

Ile

Asn

Thr

545

Ala

Gln

370

Thr

Thr

Asn

Gln

Pro

450

Val

Asn

Thr

Lys

Thr

530

Ile

Ala

355

Ala

Cys

Ala

Trp

Ser

435

Ser

Ile

Leu

Glu

Glu

515

Ser

Ala

Gly

Leu

Gly

Leu

Val

420

Met

Cys

Ser

Ile

Ser

500

Phe

Thr

Ser

Gly

Pro

Asp

Leu

405

Asn

His

Lys

Leu

Ile

485

Gly

Leu

Thr

Gln

Ala
565

Pro

Val

390

Leu

Val

Ile

Val

Glu

470

Leu

Gln

Thr

Pro

550

Val

Arg

375

Glu

Pro

Ile

Asp

Thr

455

Ser

Ala

Lys

Ser

Pro

535

Leu

His

360

Gly

Glu

Leu

Ser

Ala

440

Ala

Gly

Asn

Glu

Phe

520

Ala

Ser

Thr

Ser

Asn

Ala

Asp

425

Thr

Met

Asp

Asn

Cys

505

Val

Pro

Leu

Arg

Gly

Pro

Leu

410

Leu

Leu

Lys

Ala

Ser

490

Glu

His

Arg

Arg

Gly
570

Glu

Gly

395

Leu

Lys

Tyr

Cys

Ser

475

Leu

Glu

Ile

Pro

Pro

555

Leu

Gly

380

Pro

Leu

Lys

Thr

Phe

460

Ile

Ser

Leu

Val

Pro

540

Glu

Asp

365

Arg

Met

His

Ile

Glu

445

Leu

His

Ser

Glu

Gln

525

Thr

Ala

Phe

Gly

Ala

Ala

Glu

430

Ser

Leu

Asp

Asn

Glu

510

Met

Pro

Cys

Ala

Ser

Leu

Ala

415

Asp

Asp

Glu

Thr

Gly

495

Lys

Phe

Ala

Arg

Cys
575

Leu

Pro

400

Arg

Leu

Val

Leu

Val

480

Asn

Asn

Ile

Pro

Pro

560

Asp



Ile Tyr Ile Trp Ala

580

Ser Leu Val Ile Thr Leu Tyr Cys

595

<210>
<211>
<212>
<213>

13

DNA

<220>
<221>
<223>

<400> 13
atggccttac

ccgttattca
aaaaactgga
tatgagagcc
gaggaccagg
ccaacaaatg
ataattgaaa
gaaaactgtt
gcgecgegac
gaggcgtgcc
gatttttggg
gtggccttta
atgaacatga
ccacgcgact
aaacaaccat
tttccagaag

gccecccgegt

1944

Homo sapiens

misc_feature
NK45-7 DNA

cagtgaccgc
accaagaagt
tatgttacaa
aggcttcttg
atttacttaa
gatcttggca
tgcagaaggg
caactccaaa
caccaacacc
ggccageggc
tgctggtggt
ttattttctg
ctcccegecg
tcgcagccta
ttatgagacc
aagaagaagg

accagcaggg

600

cttgctcctg
tcaaattccc
aaataactgc
tatgtctcaa
actggtgaag
gtgggaagat
agactgtgca
tacgtacatc

ggcgcecacc

gggeeececa
ggttggtgga
ggtgaggagt
cccegggecc
tcgctccaaa
agtacaaact
aggatgtgaa

ccagaaccag

585

ccgctggect
ttgaccgaaa
taccaatttt
aatgccagcc
tcatatcatt
ggctccattc
ctctatgect
tgcatgcaaa
atcgcgtcgc
gtgcacacga
gtcctggett
aagaggagca
acccgcaagc
cggggcagaa
actcaagagg
ctgagagtga

ctctataacg

590

tgctgctcca
gttactgtgg
ttgatgagag
ttctgaaagt
ggatgggact
tctcacccaa
cgagctttaa
ggactgtgac
agcccctgtce
gegggctgga
gctatagett
ggctcctgcea
attaccagcc
agaaactcct
aagatggctg
agttcagcag

agctcaatct

Pro Leu Ala Gly Thr Cys Gly Val Leu Leu Leu

cgccgecagg
cccatgtect
taaaaactgg
atacagcaaa
agtacacatt
cctactaaca
aggctatata
cacgacgcca
cctgegecca
cttcgectgt
gctagtaaca
cagtgactac
ctatgcccca
gtatatattc
tagctgccga
gagcgcagac

aggacgaaga

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



gaggagtacg
agaaggaaga
gcctacagtg
taccagggtc
ccccctegeg
aatcccggtc
catgccgctc
atacagtcta
aaggtaacgg
gacgcaagca
tctaatggaa
atcaaagaat
accacacccg
ctgcgeccecg
tttgcgtgeg
tcactcgtta
<210>
<211>

<212>
<213>

14
648
PRT

<220>
<221>
<223>

<400> 14

Met Ala Leu Pro Val

1

His Ala Ala Arg Pro

Glu Ser Tyr Cys Gly

atgttttgga
accctcagga
agattgggat
tcagtacagc
gctctggega
cgatggccect
gccccaactg
tgcatattga
ccatgaaatg
tccacgatac
acgttacaga
ttcttcaatc
ccccgaggcec
aggcttgecg
atatatacat

ttacgctgta

Homo sapiens

MISC_FEATURE
NK45-7 Amino

5

20

caagagacgt
aggcctgtac
gaaaggcgag
caccaaggac
gggaaggggt
cccagtaact
ggtcaacgtg
cgctacactg
ctttcttctg
ggttgaaaac
gagtgggtgt
cttcgttcac
acctacgccg
gcctgeggcet
ctgggcacct

ctgc

Acid

ggccgggacc
aatgaactgc
cgecggages
acctacgacg
tccctgetta
gccctecttt
attagcgatt
tatactgaga
gagctccagg
ctcatcatcc
aaggagtgcg
atagtgcaaa
gcaccgacta

ggtgegeeces

cttgccggea

10

25

ctgagatggg
agaaagataa
gcaaggggca
cccttcacat
cttgcggega
tgcccctege
tgaagaaaat
gtgatgtaca
tcatcagctt
ttgcgaacaa
aagagttgga
tgttcattaa
tcgccagtca
tccacacccg

cctgcggagt

30

gggaaagccg
gatggcggag
cgatggcctt
gcaggccctg
cgtcgaagag
actccttctt
cgaggacctt
cccgtectgt
ggagtctggg
ctctctctca
agaaaaaaac
cacgtccact
acccctctcet

gggcctggat

gctgettctce

Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

15

Leu Phe Asn Gln Glu Val Gln Ile Pro Leu Thr

Pro Cys Pro Lys Asn Trp Ile Cys Tyr Lys Asn

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1860

1920

1944



Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Ala

Ser

Thr

Gly

Ile

225

Met

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Leu

Arg

Gly

210

Phe

Asn

35

Tyr

Cys

Gln

His

Ser

115

Leu

Asn

Arg

Arg

Gly

195

Val

Trp

Met

Gln

Met

Asp

Ile

100

Pro

Tyr

Thr

Pro

Pro

180

Leu

Leu

Val

Thr

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

165

Glu

Asp

Ala

Arg

Pro
245

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Thr

Ala

Phe

Cys

Ser

230

Arg

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Pro

Cys

Ala

Tyr

215

Arg

40

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Ala

Arg

Cys

200

Ser

Arg

Pro

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Pro

Pro

185

Asp

Leu

Ser

Gly

Lys

Leu

Lys

90

Trp

Ile

Gly

Arg

Thr

170

Ala

Phe

Leu

Arg

Pro
250

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Ala

Trp

Val

Leu

235

Thr

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Ala

Gly

Val

Thr

220

Leu

Arg

45

Tyr

Val

His

Glu

Gln

125

Glu

Thr

Ser

Gly

Leu

205

Val

His

Lys

Glu

Tyr

Trp

Asp

110

Lys

Asn

Thr

Gln

Ala

190

Val

Ala

Ser

His

Ser

Ser

Met

95

Gly

Gly

Cys

Thr

Pro

175

Val

Val

Phe

Asp

Tyr
255

Gln

Lys

80

Gly

Ser

Asp

Ser

Pro

160

Leu

His

Val

Ile

Tyr

240

Gln



Pro

Arg

Gln

Glu

305

Ala

Leu

Asp

Leu

Ile

385

Tyr

Met

Leu

Val

Pro

Tyr

Lys

Thr

290

Glu

Pro

Gly

Pro

Tyr

370

Gly

Gln

Gln

Thr

Thr

450

Asn

Ala

Lys

275

Thr

Gly

Ala

Arg

Glu

355

Asn

Met

Gly

Ala

Cys

435

Ala

Trp

Pro

260

Leu

Gln

Gly

Tyr

Arg

340

Met

Glu

Lys

Leu

Leu

420

Gly

Leu

Val

Pro

Leu

Glu

Cys

Gln

325

Glu

Gly

Leu

Gly

Ser

405

Pro

Asp

Leu

Asn

Arg

Tyr

Glu

Glu

310

Gln

Glu

Gly

Gln

Glu

390

Thr

Pro

Val

Leu

Val

Asp

Ile

Asp

295

Leu

Gly

Tyr

Lys

Lys

375

Arg

Ala

Arg

Glu

Pro

455

Ile

Phe

Phe

280

Gly

Arg

Gln

Asp

Pro

360

Asp

Arg

Thr

Gly

Glu

440

Leu

Ser

Ala

265

Lys

Cys

Val

Asn

Val

345

Arg

Lys

Arg

Lys

Ser

425

Asn

Ala

Asp

Ala

Gln

Ser

Lys

Gln

330

Leu

Arg

Met

Gly

Asp

410

Gly

Pro

Leu

Leu

Tyr

Pro

Cys

Phe

315

Leu

Asp

Lys

Ala

Lys

395

Thr

Glu

Gly

Leu

Lys

Arg

Phe

Arg

300

Ser

Tyr

Lys

Asn

Glu

380

Gly

Tyr

Gly

Pro

Leu

460

Lys

Ser

Met

285

Phe

Arg

Asn

Arg

Pro

365

Ala

His

Asp

Arg

Met

445

His

Ile

Lys

270

Arg

Pro

Ser

Glu

Arg

350

Gln

Tyr

Asp

Ala

Gly

430

Ala

Ala

Glu

Arg

Pro

Glu

Ala

Leu

335

Gly

Glu

Ser

Gly

Leu

415

Ser

Leu

Ala

Asp

Gly

Val

Glu

Asp

320

Asn

Arg

Gly

Glu

Leu

400

His

Leu

Pro

Arg

Leu



465

Ile

His

Gln

Glu

Val

545

Ile

Asn

Thr

Ala

Ile

625

Ser

Gln

Pro

Val

Asn

530

Thr

Lys

Thr

Ile

Ala

610

Tyr

Leu

<210>
<211>
<212>
<213>

<220>

Ser

Ser

Ile

515

Leu

Glu

Glu

Ser

Ala

595

Gly

Ile

Val

15
1812
DNA
Homo

Met

Cys

500

Ser

Ile

Ser

Phe

Thr

580

Ser

Gly

Trp

Ile

His

485

Lys

Leu

Ile

Gly

Leu

565

Thr

Gln

Ala

Ala

Thr
645

sapiens

470

Ile

Val

Glu

Leu

Cys

550

Gln

Thr

Pro

Val

Pro

630

Leu

Asp

Thr

Ser

Ala

535

Lys

Ser

Pro

Leu

His

615

Leu

Tyr

Ala

Ala

Gly

520

Asn

Glu

Phe

Ala

Ser

600

Thr

Ala

Cys

Thr

Met

505

Asp

Asn

Cys

Val

Pro

585

Leu

Arg

Gly

Leu

490

Lys

Ala

Ser

Glu

His

570

Arg

Arg

Gly

Thr

475

Tyr

Cys

Ser

Leu

Glu

555

Ile

Pro

Pro

Leu

Cys
635

Thr

Phe

Ile

Ser

540

Leu

Val

Pro

Glu

Asp

620

Gly

Glu

Leu

His

525

Ser

Glu

Gln

Thr

Ala

605

Phe

Val

Ser

Leu

510

Asp

Asn

Glu

Met

Pro

590

Cys

Ala

Leu

Asp

495

Glu

Thr

Gly

Lys

Phe

575

Ala

Arg

Cys

Leu

480

Val

Leu

Val

Asn

Asn

560

Ile

Pro

Pro

Asp

Leu
640



<221>
<223>

<400> 15
atggccttac

ccgttattca
aaaaactgga
tatgagagcc
gaggaccagg
ccaacaaatg
ataattgaaa
gaaaactgtt
gcgeegegac
gaggcgtgcc
gatatctaca
atcacccttt
atgagaccag
gaagaaggag
cagcagggcc
gttttggaca
cctcaggaag
attgggatga
agtacagcca
tctggegagg
atggccctcc
cccaactggg
catattgacg
atgaaatgct

cacgatacgg

misc_feature
NK26-8 DNA

cagtgaccgc
accaagaagt
tatgttacaa
aggcttcttg
atttacttaa
gatcttggca
tgcagaaggg
caactccaaa
caccaacacc
ggccageggc
tctgggegcec
actgcaaacg
tacaaactac
gatgtgaact
agaaccagct
agagacgtgg
gcctgtacaa
aaggcgagcg
ccaaggacac
gaaggggttc
cagtaactgc
tcaacgtgat
ctacactgta
ttcttctgga

ttgaaaacct

cttgctcctg
tcaaattccc
aaataactgc
tatgtctcaa
actggtgaag
gtgggaagat
agactgtgca
tacgtacatc

ggcgcccacc

gggeeececa
cttggccgeg
gggcagaaag
tcaagaggaa
gagagtgaag
ctataacgag
ccgggaccct
tgaactgcag
ccggagggec
ctacgacgcc
cctgcttact
cctecttttg
tagcgatttg
tactgagagt
gctccaggtc

catcatcctt

ccgctggect
ttgaccgaaa
taccaatttt
aatgccagcc
tcatatcatt
ggctccattc
ctctatgect
tgcatgcaaa
atcgcgtcgce
gtgcacacga
acttgtgggg
aaactcctgt
gatggctgta
ttcagcagga
ctcaatctag

gagatggees

aaagataaga

aaggggcacg
cttcacatgc
tgcggcgacg
cccctegeac
aagaaaatcg
gatgtacacc
atcagcttgg

gcgaacaact

tgctgctcca
gttactgtgg
ttgatgagag
ttctgaaagt
ggatgggact
tctcacccaa
cgagctttaa
ggactgtgac
agcccctgtce
gggggctgga
tccttctcect
atatattcaa
gctgecgatt
gcgcagacgc
gacgaagaga
gaaagccgag
tggcggaggc
atggccttta
aggccctgec
tcgaagagaa
tccttcttca
aggaccttat
cgtcctgtaa

agtctgggga

ctctctcatc

cgccgecagg
cccatgtect
taaaaactgg
atacagcaaa
agtacacatt
cctactaaca
aggctatata
cacgacgcca
cctgegecca
cttcgectgt
gtcactggtt
acaaccattt
tccagaagaa
ccccgegtac
ggagtacgat
aaggaagaac
ctacagtgag
ccagggtctc
acctcgeggc
tcccggtcecg
tgccgetege
acagtctatg
ggtaacggcc
cgcaagcatc

taatggaaac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500



gttacagaga
cttcaatcct
ccgaggccac
gcttgeeggc
atatacatct
acgctgtact
<210>
<211>

<212>
<213>

16
604
PRT

<220>
<221>
<223>
<400> 16

Met Ala Leu
1

His Ala Ala

Glu Ser Tyr

35

Asn Cys

50

Tyr

Ala
65

Ser

Glu Asp Gln

Leu Val His

Ile Leu Ser

gtgggtgtaa ggagtgcgaa gagttggaag

tcgttcacat agtgcaaatg ttcattaaca

ctacgccgge accgactatc gccagtcaac

ctgcggetgg tggggeggtc cacacccggg

gggcacctct tgccggcacc tgcggagtgc

gcC

Pro

Arg

20

Cys

Gln

Met

Asp

Ile

100

Pro

Homo sapiens

MISC_FEATURE
NK26-8 Amino

Val

Pro

Gly

Phe

Ser

Leu

85

Pro

Asn

Acid

Thr

Leu

Pro

Phe

Gln

70

Leu

Thr

Leu

Ala

Phe

Cys

Asp

55

Asn

Lys

Asn

Leu

Leu

Asn

Pro

40

Glu

Ala

Leu

Gly

Thr

Leu

Gln

25

Lys

Ser

Ser

Val

Ser

105

Ile

Leu

10

Glu

Asn

Lys

Leu

Lys

90

Trp

Ile

Pro

Val

Trp

Asn

Leu

75

Ser

Gln

Glu

aaaaaaacat
cgtccactac
ccctectctcet
gcctggattt

tgcttetctce

Leu Ala Leu

Gln Ile Pro

30

Ile Cys

45

Tyr

Trp Glu

60

Tyr

Lys Val Tyr

Tyr His Trp

Trp Glu Asp

110

Met Gln Lys

caaagaattt
cacacccgcc
gcgececgag
tgcgtgegat

actcgttatt

Leu Leu

15

Leu Thr

Lys Asn

Ser Gln

Ser Lys

80

Met
95

Gly
Ser

Gly

Gly Asp

1560

1620

1680

1740

1800

1812



Cys

Thr

145

Ala

Ser

Thr

Ala

Cys

225

Met

Phe

Arg

Asn

Arg

305

Pro

Ala

130

Pro

Pro

Leu

Arg

Gly

210

Lys

Arg

Pro

Ser

Glu

290

Arg

Gln

115

Leu

Asn

Arg

Arg

Gly

195

Thr

Arg

Pro

Glu

Ala

275

Leu

Gly

Glu

Tyr

Thr

Pro

Pro

180

Leu

Cys

Gly

Val

Glu

260

Asp

Asn

Arg

Gly

Ala

Tyr

Pro

165

Glu

Asp

Gly

Arg

Gln

245

Glu

Ala

Leu

Asp

Leu
325

Ser

Ile

150

Thr

Ala

Phe

Val

Lys

230

Thr

Glu

Pro

Gly

Pro

310

Tyr

Ser

135

Cys

Pro

Cys

Ala

Leu

215

Lys

Thr

Gly

Ala

Arg

295

Glu

Asn

120

Phe

Met

Ala

Arg

Cys

200

Leu

Leu

Gln

Gly

Tyr

280

Arg

Met

Glu

Lys

Gln

Pro

Pro

185

Asp

Leu

Leu

Glu

Cys

265

Gln

Glu

Gly

Leu

Gly

Arg

Thr

170

Ala

Ile

Ser

Tyr

Glu

250

Glu

Gln

Glu

Gly

Gln
330

Tyr

Thr

155

Ile

Ala

Tyr

Leu

Ile

235

Asp

Leu

Gly

Tyr

Lys

315

Lys

Ile

140

Val

Ala

Gly

Ile

Val

220

Phe

Gly

Arg

Gln

Asp

300

Pro

Asp

125

Glu

Thr

Ser

Gly

Trp

205

Ile

Lys

Cys

Val

Asn

285

Val

Arg

Lys

Asn

Thr

Gln

Ala

190

Ala

Thr

Gln

Ser

Lys

270

Gln

Leu

Arg

Met

Cys

Thr

Pro

175

Val

Pro

Leu

Pro

Cys

255

Phe

Leu

Asp

Ala
335

Ser

Pro

160

Leu

His

Leu

Tyr

Phe

240

Arg

Ser

Tyr

Lys

Asn

320

Glu



Ala

His

Asp

Arg

385

Met

His

Ile

Glu

Leu

465

His

Ser

Glu

Gln

Thr

Tyr

Asp

Ala

370

Gly

Ala

Ala

Glu

Ser

450

Leu

Asp

Asn

Glu

Met

530

Pro

Ser

Gly

355

Leu

Ser

Leu

Ala

Asp

435

Asp

Glu

Thr

Gly

Lys

515

Phe

Ala

Glu

340

Leu

His

Leu

Pro

Arg

420

Leu

Val

Leu

Val

Asn

500

Asn

Ile

Pro

Ile

Tyr

Met

Leu

Val

405

Pro

Ile

His

Gln

Glu

485

Val

Ile

Asn

Thr

Gly

Gln

Gln

Thr

390

Thr

Asn

Gln

Pro

Val

470

Asn

Thr

Lys

Thr

Ile

Met

Gly

Ala

375

Cys

Ala

Trp

Ser

Ser

455

Ile

Leu

Glu

Glu

Ser

535

Ala

Lys

Leu

360

Leu

Gly

Leu

Val

Met

449

Cys

Ser

Ile

Ser

Phe

520

Thr

Ser

Gly

345

Ser

Pro

Asp

Leu

Asn

425

His

Lys

Leu

Ile

Gly

505

Leu

Thr

Gln

Glu

Thr

Pro

Val

Leu

410

Val

Ile

Val

Glu

Leu

490

Gln

Thr

Pro

Arg

Ala

Arg

Glu

395

Pro

Ile

Asp

Thr

Ser

475

Ala

Lys

Ser

Pro

Leu

Arg

Thr

Gly

380

Glu

Leu

Ser

Ala

Ala

460

Gly

Asn

Glu

Phe

Ala

540

Ser

Arg

Lys

365

Ser

Asn

Ala

Asp

Thr

445

Met

Asp

Asn

Cys

Val

525

Pro

Leu

Gly

350

Asp

Gly

Pro

Leu

Leu

430

Leu

Lys

Ala

Ser

Glu

510

His

Arg

Arg

Lys

Thr

Glu

Gly

Leu

415

Lys

Tyr

Cys

Ser

Leu

495

Glu

Ile

Pro

Pro

Gly

Tyr

Gly

Pro

400

Leu

Lys

Thr

Phe

Ile

480

Ser

Leu

Val

Pro

Glu



545

Ala Cys Arg Pro Ala

Phe Ala Cys Asp Ile

550

565

580

555

Ala Gly Gly Ala Val His

570

Tyr Ile Trp Ala Pro Leu

585

Val Leu Leu Leu Ser Leu Val Ile Thr Leu Tyr

595

<210>
<211>
<212>
<213>

17

DNA
<400> 17

atggctctgc
ccactgttca
aagaactgga
tatgagtccc
gaggaccagg
cctacaaacg
atcatcgaga
gagaactgct
gcaccacgcc
gaggcatgta
gatcccaaac
gccttgttcc
cccttcatgc
gaagaagaag
gcgtaccagc
tacgatgttt

aagaaccctc

1818

Homo sapiens

ccgtcaccgc
atcaggaagt
tctgctacaa
aggcctcttg
atctgctgaa
gctcttggca
tgcagaaggg
ccacacccaa
cccctacacc
gaccagcagc
tctgctacct
tgctttactg
ggcccgtgca
aagggggctg
agggccagaa
tggacaagag

aggaaggcct

600

actgctgctg
ccagatcccc
gaacaattgt
catgagccag
gctggtgaag
gtgggaggac
cgattgcgcc
tacctacatc
agcacctacc
aggaggagca
gctggatgga
caagcggesc
gacaacccag
tgaactgaga
ccagctctat
acgtggeegg

gtacaatgaa

cctctggctc
ctgacagagt
tatcagttct
aatgcctctc
tcctatcact
ggctccatcc
ctgtacgcca
tgtatgcaga
atcgcaagcc
gtgcacacaa
atcctcttca
agaaagaagc
gaggaagacg
gtgaagttca
aacgagctca
gaccctgaga

ctgcagaaag

Thr Arg Gly

Ala Gly Thr
590

Cys

tgctgctgca
cttactgcgg
ttgacgagag
tgctgaaggt
ggatgggcct
tgtctccaaa
gctccttcaa
ggaccgtgac
agcctctgtc
gaggcctgga
tctatggtgt
tgctgtatat
gctgctcatg
gcaggagesc
atctaggacg

tggggggaaa

ataagatggc

560

Leu Asp
575

Cys Gly

cgccgeacga
cccatgtccc
caagaactgg
gtacagcaag
ggtgcacatc
tctgctgacc
gggctatatc
cacaacccct
cctgeggceca
cttcgcctgc
cattctcact
cttcaagcag
tagatttcct
agacgccccc
aagagaggag
gccgagaagg

ggaggcctac

60

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020



agtgagattg
ggtctcagta
cgecggetctg
ggtccgatgg
gctcgcccca
tctatgcata
acggccatga
agcatccacg
ggaaacgtta
gaatttcttc
cccgececga
cccgaggcett
tgcgatatat
gttattacgc
<210>
<211>

<212>
<213>

18
606
PRT

<220>
<221>
<223>

<400> 18

Met Ala Leu Pro Val

1

His Ala Ala Arg Pro

Glu Ser Tyr Cys Gly

35

ggatgaaagg
cagccaccaa
gcgagggaag
ccctcccagt
actgggtcaa
ttgacgctac
aatgctttct
atacggttga
cagagagtgg
aatccttcgt
ggccacctac
gccggectgc
acatctgggc

tgtactgc

Homo sapiens

MISC_FEATURE
NK39-5 Amino

5

20

cgagcgecegg
ggacacctac
gggttccctg
aactgccctc
cgtgattagc
actgtatact
tctggagctc
aaacctcatc
gtgtaaggag
tcacatagtg
gccggeaccg

ggctggtggg

acctcttgcc

Acid

40

aggggcaagyg

gacgcccttc
cttacttgcg
cttttgcccc
gatttgaaga
gagagtgatg
caggtcatca
atccttgcga
tgcgaagagt
caaatgttca
actatcgcca
gcggtccaca

ggcacctgceg

10

25

ggcacgatgg
acatgcaggc
gcgacgtcga
tcgcactcct
aaatcgagga
tacacccgtc
gcttggagtc
acaactctct
tggaagaaaa
ttaacacgtc
gtcaacccct

cccggggect

gagtgctgct

30

45

cctttaccag
cctgeccccect
agagaatccc
tcttcatgcc
ccttatacag
ctgtaaggta
tggggacgca
ctcatctaat
aaacatcaaa
cactaccaca
ctctctgegce
ggattttgcg

tctctcactc

Thr Ala Leu Leu Leu Pro Leu Ala Leu Leu Leu

15

Leu Phe Asn Gln Glu Val Gln Ile Pro Leu Thr

Pro Cys Pro Lys Asn Trp Ile Cys Tyr Lys Asn

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1680

1740

1800

1818



Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Ala

Ser

Thr

Asp

Leu

225

Pro

Cys

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Leu

Arg

Gly

210

Tyr

Phe

Arg

Tyr

Cys

Gln

His

Ser

115

Leu

Asn

Arg

Arg

Gly

195

Ile

Cys

Met

Phe

Gln

Met

Asp

Ile

100

Pro

Tyr

Thr

Pro

Pro

180

Leu

Leu

Lys

Arg

Pro
260

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

165

Glu

Asp

Phe

Arg

Pro

245

Glu

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Thr

Ala

Phe

Ile

Gly

230

Val

Glu

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Pro

Cys

Ala

Tyr

215

Arg

Gln

Glu

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Ala

Arg

Cys

200

Gly

Lys

Thr

Glu

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Pro

Pro

185

Asp

Val

Lys

Thr

Gly
265

Lys

Leu

Lys

90

Trp

Ile

Gly

Arg

Thr

170

Ala

Pro

Ile

Leu

Gln

250

Gly

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Ala

Lys

Leu

Leu

235

Glu

Cys

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Ala

Gly

Leu

Thr

220

Tyr

Glu

Glu

Tyr

Val

His

Glu

Gln

125

Glu

Thr

Ser

Gly

Cys

205

Ala

Ile

Asp

Leu

Glu

Tyr

Trp

Asp

110

Lys

Asn

Thr

Gln

Ala

190

Tyr

Leu

Phe

Gly

Arg
270

Ser

Ser

Met

95

Gly

Gly

Cys

Thr

Pro

175

Val

Leu

Phe

Lys

Cys

255

Val

Gln

Lys

80

Gly

Ser

Asp

Ser

Pro

160

Leu

His

Leu

Leu

Gln

240

Ser

Lys



Phe

Leu

Asp

305

Lys

Ala

Lys

Thr

Glu

385

Gly

Leu

Lys

Tyr

Cys
465

Ser

Tyr

290

Lys

Asn

Glu

Gly

Tyr

370

Gly

Pro

Leu

Lys

Thr

450

Phe

Arg

275

Asn

Arg

Pro

Ala

His

355

Asp

Arg

Met

His

Ile

435

Glu

Leu

Ser

Glu

Arg

Gln

Tyr

340

Asp

Ala

Gly

Ala

Ala

420

Glu

Ser

Leu

Ala

Leu

Gly

Glu

325

Ser

Gly

Leu

Ser

Leu

405

Ala

Asp

Asp

Glu

Asp

Asn

Arg

310

Gly

Glu

Leu

His

Leu

390

Pro

Arg

Leu

Val

Leu
470

Ala

Leu

295

Asp

Leu

Ile

Tyr

Met

375

Leu

Val

Pro

Ile

His

455

Gln

Pro

280

Gly

Pro

Tyr

Gly

Gln

360

Gln

Thr

Thr

Asn

Gln

440

Pro

Val

Ala

Arg

Glu

Asn

Met

345

Gly

Ala

Cys

Ala

Trp

425

Ser

Ser

Ile

Tyr

Arg

Met

Glu

330

Lys

Leu

Leu

Gly

Leu

410

Val

Met

Cys

Ser

Gln

Glu

Gly

315

Leu

Gly

Ser

Pro

Asp

395

Leu

Asn

His

Lys

Leu
475

Gln

Glu

300

Gly

Gln

Glu

Thr

Pro

380

Val

Leu

Val

Ile

Val

460

Glu

Gly

285

Tyr

Lys

Lys

Arg

Ala

365

Arg

Glu

Pro

Ile

Asp

445

Thr

Ser

Gln

Asp

Pro

Asp

Arg

350

Thr

Gly

Glu

Leu

Ser

430

Ala

Ala

Gly

Asn

Val

Arg

Lys

335

Arg

Lys

Ser

Asn

Ala

415

Asp

Thr

Met

Asp

Gln

Leu

Arg

320

Met

Gly

Asp

Gly

Pro

400

Leu

Leu

Leu

Lys

Ala
480



Ser Ile His

Leu Ser Ser

Glu Glu

515

Leu

Ile val

530

Gln

Pro Pro Thr

545

Pro Glu Ala

Leu Asp Phe

Val
595

Cys Gly

<210>
<211>
<212>
<213>

19
1641
DNA
Homo

<220>
<221>
<223>

misc
NK39

<400> 19
atggctctgc

ccactgttca
aagaactgga
tatgagtccc

gaggaccagg

cctacaaacg

Thr
485

Asp

Asn
500

Gly
Glu Lys
Phe

Met

Pro Ala

Val

Asn

Asn

Ile

Pro

Glu Asn

Val Thr

Ile Lys

520

Asn Thr

535

Thr Ile

550

Cys Arg

565

Ala
580

Cys

Leu Leu

sapiens

_feature
-6 DNA
ccgtcaccgc
atcaggaagt
tctgctacaa
aggcctcttg
atctgctgaa

gctcttggca

Pro

Asp

Leu

Ala Ala

Ile

Tyr

Leu
600

Ser

actgctgctg
ccagatcccc
gaacaattgt
catgagccag
gctggtgaag

gtgggaggac

Ile
490

Leu Ile

Glu
505

Ser Gly

Glu Phe Leu

Ser Thr Thr

Ala Gln

555

Ser

Gly Gly Ala

570

Ile
585

Trp Ala

Val Ile Thr

cctctggctc
ctgacagagt
tatcagttct
aatgcctctc
tcctatcact

ggctccatcc

Leu Ala Asn

Glu
510

Cys Lys

Gln Ser Phe

525

Thr
540

Pro Ala

Pro Leu Ser

Val His Thr

Ala
590

Pro Leu

Leu Tyr

605

Cys

tgctgctgca
cttactgcgg
ttgacgagag
tgctgaaggt
ggatgggcct

tgtctccaaa

Asn Ser

495

Cys Glu

Val His

Pro Arg

Leu Arg

560

Arg
575

Gly

Gly Thr

cgccgcacga
cccatgtccc
caagaactgg
gtacagcaag
ggtgcacatc

tctgctgacc

60

120

180

240

300

360



atcatcgaga
gagaactgct
gcaccacgcc
gaggcatgta
gatcccaaac
gccttgttcc
cccttcatgc
gaagaagaag
ggcggegscea
aggagcagcg
tacaagggct
cccggtccga
gccgctcgcec
cagtctatgc
gtaacggcca
gcaagcatcc
aatggaaacg
aaagaatttc
acacccgcecc
cgccccgagg
gcgtgcgata
ctcgttatta
<210>
<211>

<212>
<213>

20
547
PRT

<220>
<221>

tgcagaaggg
ccacacccaa
cccctacacc
gaccagcagc
tctgctacct
tgctttactg
ggcccgtgca
aagggggctg
gcatgcagga
cccagaccag
ctggcgaggg
tggccctccc
ccaactgggt
atattgacgc
tgaaatgctt
acgatacggt
ttacagagag
ttcaatcctt
cgaggccacc
cttgccggcc
tatacatctg

cgctgtactg

Homo sapiens

MISC_FEATURE

cgattgcgcc
tacctacatc
agcacctacc
aggaggagca
gctggatgga
caagcggesc
gacaacccag
tgaactgggc
tgaggacggc
ccagctgacc
aaggggttcc
agtaactgcc
caacgtgatt
tacactgtat
tcttctggag
tgaaaacctc
tgggtgtaag
cgttcacata
tacgccggca
tgcggctggt
ggcacctctt

C

ctgtacgcca
tgtatgcaga
atcgcaagcc
gtgcacacaa
atcctcttca
agaaagaagc
gaggaagacg
ggaggaggca
tacatgaccc
ttcaaggact
ctgcttactt
ctccttttgce
agcgatttga
actgagagtg
ctccaggtca
atcatccttg
gagtgcgaag
gtgcaaatgt
ccgactatcg

ggggceggtcc

gccggcacct

gctccttcaa
ggaccgtgac
agcctctgtc
gaggcctgga
tctatggtgt
tgctgtatat
gctgctcatg
gcgecgecss
tgaacgtgca
acagcgtgac
gcggcgacgt
ccctcgcact
agaaaatcga
atgtacaccc
tcagcttgga
Cgaacaactc
agttggaaga
tcattaacac

ccagtcaacc

acacccgggg

gcggagtgct

gggctatatc
cacaacccct
cctgeggceca
cttcgcctgce
cattctcact
cttcaagcag
tagatttcct
cggcageggc
gagcaagaag
cctgcactgg
cgaagagaat
ccttcttcat
ggaccttata
gtcctgtaag
gtctggggac
tctctcatct
aaaaaacatc
gtccactacc
cctctctctg
cctggatttt

gcttctctca

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1560

1620

1641



<223>

<400>

NK39-6 Amino

20

Met Ala Leu

1

His

Glu

Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Ala

Ser

Thr

Ala

Ser

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Leu

Arg

Ala

Tyr

35

Tyr

Cys

Gln

His

Ser

115

Leu

Asn

Arg

Arg

Gly
195

Pro

Arg

20

Cys

Gln

Met

Asp

Ile

100

Pro

Tyr

Thr

Pro

Pro

180

Leu

Val

Pro

Gly

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

165

Glu

Asp

Acid

Thr

Leu

Pro

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Thr

Ala

Phe

Ala

Phe

Cys

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Pro

Cys

Ala

Leu

Asn

Pro

40

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Ala

Arg

Cys
200

Leu

Gln

25

Lys

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Pro

Pro

185

Asp

Leu

10

Glu

Asn

Lys

Leu

Lys

90

Trp

Ile

Gly

Arg

Thr

170

Ala

Pro

Pro

Val

Trp

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Ala

Lys

Leu

Gln

Ile

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Ala

Gly

Leu

Ala

Ile

Cys

45

Tyr

Val

His

Glu

Gln

125

Glu

Thr

Ser

Gly

Cys
205

Leu

Pro

30

Tyr

Glu

Tyr

Trp

Asp

110

Lys

Asn

Thr

Gln

Ala

190

Tyr

Leu

15

Leu

Lys

Ser

Ser

Met

95

Gly

Gly

Cys

Thr

Pro

175

Val

Leu

Leu

Thr

Asn

Gln

Lys

80

Gly

Ser

Asp

Ser

Pro

160

Leu

His

Leu



Asp

Leu

225

Pro

Cys

Gly

Asp

Gln

305

Tyr

Val

Leu

Val

Ile

385

Val

Gly

210

Tyr

Phe

Arg

Ser

Gly
290

Thr

Lys

Glu

Pro

Ile

370

Asp

Thr

Ile

Cys

Met

Phe

Gly

275

Tyr

Ser

Gly

Glu

Leu

355

Ser

Ala

Ala

Leu

Lys

Arg

Pro

260

Met

Gln

Ser

Asn

340

Ala

Asp

Thr

Met

Phe

Arg

Pro

245

Glu

Gly

Thr

Leu

Gly

325

Pro

Leu

Leu

Leu

Lys
405

Ile

Gly

230

Val

Glu

Gly

Leu

Thr

310

Glu

Gly

Leu

Lys

Tyr

390

Cys

Tyr

215

Arg

Gln

Glu

Ser

Asn

295

Phe

Gly

Pro

Leu

Lys

375

Thr

Phe

Gly

Lys

Thr

Glu

Gly

280

Val

Lys

Arg

Met

His

360

Ile

Glu

Leu

Val

Lys

Thr

Gly

265

Gly

Gln

Asp

Gly

Ala

345

Ala

Glu

Ser

Leu

Ile

Leu

Gln

250

Gly

Gly

Ser

Tyr

Ser

330

Leu

Ala

Asp

Asp

Glu
410

Leu

Leu

235

Glu

Cys

Gly

Lys

Ser

315

Leu

Pro

Arg

Leu

Val

395

Leu

Thr

220

Tyr

Glu

Glu

Ser

Lys

300

Val

Leu

Val

Pro

Ile

380

His

Gln

Ala

Ile

Asp

Leu

Met

285

Arg

Thr

Thr

Thr

Asn

365

Gln

Pro

Val

Leu

Phe

Gly

Gly

270

Gln

Ser

Leu

Cys

Ala

350

Trp

Ser

Ser

Ile

Phe

Lys

Cys

255

Gly

Asp

Ser

His

Gly

335

Leu

Val

Met

Cys

Ser
415

Leu

Gln

240

Ser

Gly

Glu

Ala

Trp

320

Asp

Leu

Asn

His

Lys

400

Leu



Glu

Leu

Cys

Gln

465

Thr

Pro

Val

Pro

Leu
545

Ser

Ala

Lys

450

Ser

Pro

Leu

His

Leu

530

Tyr

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>
atggctctgc

Gly

Asn
435

Glu

Phe

Ala

Ser

Thr
515

Ala

Cys

21
1548
DNA
Homo

misc
NK39

21

ccactgttca

aagaactgga

tatgagtccc

Asp Ala Ser Ile His Asp Thr Val Glu Asn Leu Ile Ile
420 425 430

Asn Ser Leu Ser Ser Asn Gly Asn Val Thr Glu Ser Gly
440 445

Cys Glu Glu Leu Glu Glu Lys Asn Ile Lys Glu Phe Leu
455 460

Val His Ile Val Gln Met Phe Ile Asn Thr Ser Thr Thr
470 475 480

Pro Arg Pro Pro Thr Pro Ala Pro Thr Ile Ala Ser Gln
485 490 495

Leu Arg Pro Glu Ala Cys Arg Pro Ala Ala Gly Gly Ala
500 505 510

Arg Gly Leu Asp Phe Ala Cys Asp Ile Tyr Ile Trp Ala
520 525

Gly Thr Cys Gly Val Leu Leu Leu Ser Leu Val Ile Thr
535 540

sapiens

_feature
-10 DNA
ccgtcaccgec actgectgetg cctctggetc tgectgectgeca cgeccgcacga
atcaggaagt ccagatcccc ctgacagagt cttactgcgg cccatgtccc
tctgctacaa gaacaattgt tatcagttct ttgacgagag caagaactgg

aggcctcttg catgagccag aatgcctctc tgctgaaggt gtacagcaag

60

120

180

240



gaggaccagg

cctacaaacg
atcatcgaga
gagaactgct
gcaccacgcc
gaggcatgta
gatcccaaac
gccttgttcc
aagtggcgga
aagcagccct
tttcctgaag
cttacttgcg
cttttgcccc
gatttgaaga
gagagtgatg
caggtcatca
atccttgcga
tgcgaagagt
Ccaaatgttca
actatcgcca

gcggtccaca

ggcacctgcg

<210>
<211>
<212>
<213>

22
516
PRT

<220>
<221>

atctgctgaa
gctcttggca
tgcagaaggg
ccacacccaa
cccctacacc
gaccagcagc
tctgctacct
tgaagacaaa
aggaccctca
tcatgecggcc
aagaagaagg
gcgacgtcga
tcgcactcct
aaatcgagga
tacacccgtc
gcttggagtc
acaactctct
tggaagaaaa
ttaacacgtc
gtcaacccct

cccggggect

gagtgctgct

Homo sapiens

MISC_FEATURE

gctggtgaag
gtgggaggac
cgattgcgcc
tacctacatc
agcacctacc
aggaggagca
gctggatgga
tatcaggtct
ggataagaag
cgtgcagaca
gggctgtgaa
agagaatccc
tcttcatgcc
ccttatacag
ctgtaaggta
tggggacgca
ctcatctaat
aaacatcaaa
cactaccaca
ctctctgegc
ggattttgcg

tctctcactc

tcctatcact
ggctccatcc
ctgtacgcca
tgtatgcaga
atcgcaagcc
gtgcacacaa
atcctcttca
agcacccgceg
cggggcagaa
acccaggagg
ctgggctctg
ggtccgatgg
gctcgcccca
tctatgcata
acggccatga
agcatccacg
ggaaacgtta
gaatttcttc
cccgeccecga
cccgaggcett
tgcgatatat

gttattacgc

ggatgggcct

tgtctccaaa
gctccttcaa
ggaccgtgac
agcctctgtc
gaggcctgga
tctatggtgt
actggaagga
agaagctgct
aagacggctg
gcgagggaag
ccctcccagt
actgggtcaa
ttgacgctac
aatgctttct
atacggttga
cagagagtgg
aatccttcgt
ggccacctac
gccggectge
acatctgggc

tgtactgc

ggtgcacatc
tctgctgacc
gggctatatc
cacaacccct
cctgecggceca
cttcgcctgce
cattctcact
tcacaagttt
gtatatcttc
ctcatgtaga
gggttccctg
aactgccctc
cgtgattagc
actgtatact
tctggagctc
aaacctcatc
gtgtaaggag
tcacatagtg
gccggeaccg

ggctggtggg

acctcttgcc

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

1548



<223>

<400>

22

Met Ala Leu

1

His

Glu

Asn

Ala

65

Glu

Leu

Ile

Cys

Thr

145

Ala

Ser

Thr

Ala

Ser

Cys

50

Ser

Asp

Val

Leu

Ala

130

Pro

Pro

Leu

Arg

Ala

Tyr

35

Tyr

Cys

Gln

His

Ser

115

Leu

Asn

Arg

Arg

Gly
195

NK39-109

Pro

Arg

20

Cys

Gln

Met

Asp

Ile

100

Pro

Tyr

Thr

Pro

Pro

180

Leu

Amino Acid

Val

Pro

Gly

Phe

Ser

Leu

85

Pro

Asn

Ala

Tyr

Pro

165

Glu

Asp

Thr

Leu

Pro

Phe

Gln

70

Leu

Thr

Leu

Ser

Ile

150

Thr

Ala

Phe

Ala

Phe

Cys

Asp

55

Asn

Lys

Asn

Leu

Ser

135

Cys

Pro

Cys

Ala

Leu

Asn

Pro

40

Glu

Ala

Leu

Gly

Thr

120

Phe

Met

Ala

Arg

Cys
200

Leu

Gln

25

Lys

Ser

Ser

Val

Ser

105

Ile

Lys

Gln

Pro

Pro

185

Asp

Leu

10

Glu

Asn

Lys

Leu

Lys

90

Trp

Ile

Gly

Arg

Thr

170

Ala

Pro

Pro

Val

Trp

Asn

Leu

75

Ser

Gln

Glu

Tyr

Thr

155

Ile

Ala

Lys

Leu

Gln

Ile

Trp

60

Lys

Tyr

Trp

Met

Ile

140

Val

Ala

Gly

Leu

Ala

Ile

Cys

45

Tyr

Val

His

Glu

Gln

125

Glu

Thr

Ser

Gly

Cys
205

Leu

Pro

30

Tyr

Glu

Tyr

Trp

Asp

110

Lys

Asn

Thr

Gln

Ala

190

Tyr

Leu

15

Leu

Lys

Ser

Ser

Met

95

Gly

Gly

Cys

Thr

Pro

175

Val

Leu

Leu

Thr

Asn

Gln

Lys

80

Gly

Ser

Asp

Ser

Pro

160

Leu

His

Leu



Asp

Lys

225

Lys

Leu

Glu

Cys

Asp

305

Leu

Asn

His

Lys

Leu

385

Ile

Gly

210

Thr

Trp

Tyr

Glu

Glu

290

Val

Leu

Val

Ile

Val

370

Glu

Leu

Ile

Asn

Arg

Ile

Asp

275

Leu

Glu

Pro

Ile

Asp

355

Thr

Ser

Ala

Leu

Ile

Lys

Phe

260

Gly

Gly

Glu

Leu

Ser

340

Ala

Ala

Gly

Asn

Phe

Arg

Asp

245

Lys

Cys

Ser

Asn

Ala

325

Asp

Thr

Met

Asp

Asn
405

Ile

Ser

230

Pro

Gln

Ser

Gly

Pro

310

Leu

Leu

Leu

Lys

Ala

390

Ser

Tyr

215

Ser

Gln

Pro

Cys

Glu

295

Gly

Leu

Lys

Tyr

Cys

375

Ser

Leu

Gly

Thr

Asp

Phe

Arg

280

Gly

Pro

Leu

Lys

Thr

360

Phe

Ile

Ser

Val

Arg

Lys

Met

265

Phe

Arg

Met

His

Ile

345

Glu

Leu

His

Ser

Ile

Asp

Lys

250

Arg

Pro

Gly

Ala

Ala

330

Glu

Ser

Leu

Asp

Asn
410

Leu

Trp

235

Arg

Pro

Glu

Ser

Leu

315

Ala

Asp

Asp

Glu

Thr

395

Gly

Thr

220

Lys

Gly

Val

Glu

Leu

300

Pro

Arg

Leu

Val

Leu

380

Val

Asn

Ala

Asp

Arg

Gln

Glu

285

Leu

Val

Pro

Ile

His

365

Gln

Glu

Val

Leu

His

Lys

Thr

270

Glu

Thr

Thr

Asn

Gln

350

Pro

Val

Asn

Thr

Phe

Lys

Lys

255

Thr

Gly

Cys

Ala

Trp

335

Ser

Ser

Ile

Leu

Glu
415

Leu

Phe

240

Leu

Gln

Gly

Gly

Leu

320

Val

Met

Cys

Ser

Ile

400

Ser



Gly Cys Lys

Gln Ser

435

Leu

Thr Thr

450

Pro

Gln
465

Pro Leu

Ala Val His

Ala Pro Leu

Thr Leu Tyr

515

<210>
<211>
<212>
<213>

23
645
DNA
Homo

<220>
<221>
<223>

misc

<400> 23
gggtggattc

aacttggatc
gtcaaaagca
gccatgggaa
ttattcaacc
aactggatat
gagagccagg

gaccaggatt

Glu
420

Cys
Phe Val
Ala

Pro

Ser Leu

Glu

His

Arg

Arg

Glu Leu

Ile val

440

Pro Pro

455

Pro Glu

470

Thr Arg

485

Ala
500

Gly

Cys

sapiens

_feature

gtggtcggag
tgaagaagag
aatgtagaga
tccgtttcat
aagaagttca
gttacaaaaa
cttcttgtat

tacttaaact

Gly

Thr

Leu Asp

Cys Gly

Full length human NKG2D

gtctcgacac
tgatttttca
aaatgcatct
tattatggta
aattcccttg
taactgctac
gtctcaaaat

ggtgaagtca

Glu
425

Glu Lys

Gln Met Phe

Thr Pro Ala

Ala Cys Arg

475

Phe Ala

490

Cys

Val
505

Leu Leu

agctgggaga
acacgatggc
ccattttttt
acaatatgga
accgaaagtt
caattttttg
gccagccttc

tatcattgga

Asn Ile Lys

430

Ile Asn Thr

445

Pro Thr Ile

460

Pro Ala Ala

Asp Ile Tyr

Leu
510

Leu Ser

tgagtgaatt
aaaagcaaag
tctgectgett
gtgctgtatt
actgtggccc
atgagagtaa
tgaaagtata

tgggactagt

Glu Phe

Ser Thr

Ala Ser

Gly Gly

480

Ile
495

Trp

Val Ile

tcataattat
atgtccagta
catcgctgta
cctaaactca
atgtcctaaa
aaactggtat
cagcaaagag

acacattcca

60

120

180

240

300

360

420

480



acaaatggat cttggcagtg ggaagatggc tccattctct cacccaacct actaacaata

attgaaatgc agaagggaga ctgtgcactc tatgcctcga gctttaaagg ctatatagaa

aactgttcaa ctccaaatac gtacatctgc atgcaaagga ctgtg

<210> 24

<211> 405
<212> DNA
<213>

<220>
<221>
<223>

<400> 24
ttattcaacc

aactggatat
gagagccagg
gaccaggatt
acaaatggat
attgaaatgc
aactgttcaa
<210> 25

<211> 405

<212> DNA
<213>

<220>
<221>
<223>

<400> 25
ctgttcaatc

aactggatct
gagtcccagg
gaccaggatc

acaaacggct

Homo sapiens

misc_feature
Truncated human NKG2D DNA

aagaagttca
gttacaaaaa
cttcttgtat
tacttaaact
cttggcagtg
agaagggaga

ctccaaatac

Homo sapiens

misc_feature
Codon optimized truncated

aggaagtcca
gctacaagaa
cctcttgcat
tgctgaagct

cttggcagtg

aattcccttg
taactgctac
gtctcaaaat
ggtgaagtca
ggaagatggc
ctgtgcactc

gtacatctgc

gatccccctg
caattgttat
gagccagaat
ggtgaagtcc

ggaggacggc

accgaaagtt
caattttttg
gccagccttc
tatcattgga
tccattctct
tatgcctcga

atgcaaagga

actgtggccc
atgagagtaa
tgaaagtata
tgggactagt
cacccaacct
gctttaaagg

ctgtg

human NKG2D DNA

acagagtctt
cagttctttg
gcctctetge
tatcactgga

tccatcctgt

actgcggccc
acgagagcaa
tgaaggtgta
tgggcctggt

ctccaaatct

atgtcctaaa
aaactggtat
cagcaaagag
acacattcca
actaacaata

ctatatagaa

atgtcccaag
gaactggtat
cagcaaggag
gcacatccct

gctgaccatc

540

600

645

60

120

180

240

300

360

405

60

120

180

240

300



atcgagatgc agaagggcga ttgcgccctg tacgccagct ccttcaaggg ctatatcgag

aactgctcca cacccaatac ctacatctgt atgcagagga ccgtg

<210> 26

<211> 135

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> (D8a hinge

<400> 26
accacaaccc ctgcaccacg cccccctaca ccagcaccta ccatcgcaag ccagcctctg

tccctgecgge cagaggcatg tagaccagca gcaggaggag cagtgcacac aagaggcctg

gacttcgcct gcgat

210> 27

<211> 72

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> (D8a TM domain

<400> 27
atatacatct gggcacctct tgccggcacc tgcggagtge tgcttctctc actcgttatt

acgctgtact gc

<210> 28

<211> 12

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> 1Ig4 Short hinge protein

<400> 28

Glu Ser Lys Tyr Gly Pro Pro Cys Pro Ser Cys Pro
1 5 10

360

405

60

120

135

60

72



<210> 29

<211> 87

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> (D28 TM Domain

<400> 29
ttttgggtge tggtggtggt tggtggagtc ctggcttget atagcttgect agtaacagtg 60

gcctttatta ttttctgggt gaggagt 87

<210> 30

<211> 69

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> (D3 TM Domain

<400> 30
cccaaactct gctacctgct ggatggaatc ctcttcatct atggtgtcat tctcactgcc 60

ttgttcctg 69

<210> 31

<211> 126

<212> DNA

<213> Homo sapiens

<220>
<221> misc_feature
<223> 4-1BB Domain

<400> 31
aaacggggca gaaagaaact cctgtatata ttcaaacaac catttatgag accagtacaa 60
actactcaag aggaagatgg ctgtagctgc cgatttccag aagaagaaga aggaggatgt 120
gaactg 126
<210> 32

<211> 336



<212>
<213>

DNA
Homo sapiens

<220>

<221> misc_feature
<223> (D3zeta ITAM
<400> 32

agagtgaagt tcagcaggag
tataacgagc tcaatctagg
cgggaccctg agatggggss
gaactgcaga aagataagat
cggaggggca aggggcacga
tacgacgccc ttcacatgca
<210> 33

<211> 336

<212> DNA

<213> Homo sapiens

<220>

<221> misc_feature
<223> (CD3z no ITAM
<400> 33

agagtgaagt tcagcaggag
tataacgagc tcaatctagg
cgggaccctg agatggggss
gaactgcaga aagataagat
cggaggggca aggggracga
tacgacgccc ttcacatgca
<210> 34

<211> 117

<212> DNA

<213> Homo sapiens

<220>
<221>

misc_feature

cgcagacgcc
acgaagagag
aaagccgaga
ggcggagscc
tggcctttac

ggccctgccc

cgcagacgcc
acgaagagag
aaagccgaga
ggcggagscc
tggcctttac

ggccctgccc

cccgcecgtacc
gagtacgatg
aggaagaacc
tacagtgaga
cagggtctca

cctcgc

cccgcecgtacc
gagtacgatg
aggaagaacc
tacagtgaga
cagggtctca

cctcgc

agcagggcca

ttttggacaa
ctcaggaagg
ttgggatgaa

gtacagccac

agcagggcca

ttttggacaa
ctcaggaagg
ttgggatgaa

gtacagccac

gaaccagctc
gagacgtggc
cctgtacaat
aggcgagcegc

caaggacacc

gaaccagctc
gagacgtggc
cctgtacaat
aggcgagcegc

caaggacacc

60

120

180

240

300

336

60

120

180

240

300

336



<223>

<400>

aagaggagca ggctcctgca cagtgactac atgaacatga ctccccgeccg cccecgggecc

acccgcaagc attaccagcc ctatgcccca ccacgcgact tcgcagccta tcgectcc

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

cggagggacc agaggctgcc ccccgatgec cacaagcccc ctgggggagg cagtttccgg

acccccatcc aagaggagca ggccgacgcc cactccaccc tggccaagat c

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

atgcaggatg aggacggcta catgaccctg aacgtgcaga gcaagaagag gagcagcgcc

cagaccagcc agctgacctt caaggactac agcgtgaccc tgcactggta caag

<210>
<211>
<212>
<213>

<220>
<221>
<223>

<400>

aagacaaata tcaggtctag cacccgcgac tggaaggatc acaagtttaa gtggcggaag

CD29 signalling Domain

34

35

111

DNA

Homo sapiens

misc_feature
0X-40 Domain

35

36

114

DNA

Homo sapiens

misc_feature
NKp8@ Domain

36

37

75

DNA

Homo sapiens

misc_feature

CD16 IC Domain

37

gaccctcagg ataag

60

117

60

111

60

114

60

75



<210> 38
<211> 63
<212> DNA
<213>

<220>
<221>
<223>

<400> 38

Homo sapiens

misc_feature
2A Stop

ggctctggcg agggaagggg ttccctgett acttgecggeg acgtcgaaga gaatcccggt

ccg

<210> 39

<211> 614
<212> DNA
<213>

<220>
<221>
<223>

<400> 39
atggccttac

ccgaactggg
catattgatg
atgaagtgct
catgatacag
gtaacagaat
ttgcagagtt
ccgcgaccac
gcgtgeceggc
atctacatct
ccctttactg

<210> 40
<211> 117

Homo sapiens

misc_feature
mbIL-15

cagtgaccgc
tgaatgtaat
ctactttata
ttctcttgga
tagaaaatct
ctggatgcaa
ttgtacatat
caacaccggc
cagcgeeges
gggcgccctt

ctaa

cttgctcctg
aagtgatttg
tacggaaagt
gttacaagtt
gatcatccta
agaatgtgag
tgtccaaatg
gcccaccatc
gggcgcagtg

ggccgggact

ccgectggect
aaaaaaattg
gatgttcacc
atttcacttg
gcaaacaaca
gaactggagg
ttcatcaaca
gcgtcgcagc
cacacgaggg

tgtggggtcc

tgctgctcca
aagatcttat
ccagttgcaa
agtccggaga
gtttgtcttc
aaaaaaatat
cttctaccac
ccctgtccct
ggctggactt

ttctcctgtc

cgccgecagg
tcaatctatg
agtaacagca
tgcaagtatt
taatgggaat
taaagaattt
gacgccagcg
gcgcccagag
cgcctgtgat

actggtatca

60

63

60

120

180

240

300

360

420

480

540

600

614



<212> DNA
<213> Homo sapiens

<220>
<221> misc_feature
<223> (D28 Signalling Domain

<400> 40
aagaggagca ggctcctgca cagtgactac atgaacatga ctccccgeccg cccecgggecc 60

acccgcaagc attaccagcc ctatgcccca ccacgcgact tcgcagccta tcgectcc 117

<210> 41

<211> 15

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> GS3 Linker

<400> 41

Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser Gly Gly Gly Gly Ser
1 5 10 15

<210> 42

<211> 8

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> FLAG Tag

<400> 42

Asp Tyr Lys Asp Asp Asp Asp Lys
1 5

<210> 43

<211> 6

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE



<223> HIS Tag
<400> 43

His His His His His His
1 5

<210> 44

<211> 1o

<212> PRT

<213> Homo sapiens

<220>
<221> MISC_FEATURE
<223> Myc Tag

<400> 44

Glu Gln Lys Leu Ile Ser Glu Glu Asp Leu
1 5 10
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