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GENETICALLY MODIFIFED NK CELLS AND USES THEREQOF

TECHNICAL FIELD

The present disclosure concerns the field of genetic engineering and
immunotherapy. It infer alia pertains to genetically modified NK cells and the
uses thereof 1 disease treatments, such as in adoptive cellular therapy and/or

CAR-NK therapy of cancers,

BACKGROUND

Natural kilter {(NK) cells, which make up to 15% of buman peripheral blood
mononuclear cells (PBMCs), are cytotoxic lymphocytes that play mmportant roles m
defense against tumor and viral infections and are now known to be an mtegral part of
the link between the adaptive and innate immune systems.

The activity of NK cells is regulated by a repertoire of co-stimulatory {e.g.
NKG2ZD, CD226) and co-inhibitory surface receptors {e.g. PD-1, TIGIT, CD96, TIM-3,
LAG-3, NKG2A) that recognize their respective ligands on target cells or
antigen-presenting cells. The mtegration of both co-stimulatory and co-inhibitory
signals determines the responsiveness of NK cells.

TIGIT (T cell mnmunoreceptor with mwymunoglobulin and ITIM domams), a
transmembrane glycoprotem receptor expressed on NK and T cells, 15 an immume
checkpoint molecule that inhibits the activation of T cells and NK cells. It contams an
IgV domam, a tansmembrane domam, and an mmmunoreceptor tyrosime-based
mhibitory mott (ITIM). CD96, a member of the same mmunoglobulin superfanily,
has a simtlar mhibitory role but with lower binding atfimty for the hgand CD1S55 as
compared to TIGIT. CDI5S (mamly) and CD112 serve as higands for TIGIT and
CDES to bind in order to mhibit T and NK cell-mediated tmmunity. CD1355 (Poliovirus
Entry Receptor, PVR) is barely expressed in normal human tissues, but highly
expressed n various tumor cell lines and primary mabgnancies. Prechinical and
chnical evidences have proved that blockade of TIGIT with monoclonal antibodies
augment the antitumor and antiviral activity of NK cells and T cells.

NKG2A (NK Groop 2 member A} 18 a NE cell receptor of the NEG2Z famidy, a
type H membrane receptor that forms a heterodimer with CD94. It dimerizes with
CD4 to form an inhibitory receptor that is related to C-type lectins and recognizes
HLA-E. These wmhibitory receptors mteract with MHC I igands on target cells, leading

to complete mhbition of cell granule polarization and the prevention of cyiotoxic
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granuile release. NKG2A contams two ITIMs i ifs cytoplasmue tail, These [TIMs are
phosphorylated following ligation of the ITIM-bearing receptor and facilitate this leads
to the recrutiment of tyrosing phosphatases, such as SHZ domam-contaimnng
phosphatase (SHP)-1 and SHP-2. The recruitment of SHP-1 by the [TIM-bearing
receptors seems to whibit the mitiation of signaling m that i blocks most downstream
signals m NK cells. Tumor cells of hematological and solid tumors have shown
upregulation of HLA-E expression. In various cancers, poor prognosis has been
assoctated with HUA-E upregulation. Blocking of the CD94/NKG2A receptor with
antibodies could be used as a therapeutic sirategy.

CISH (Cytokine-Inducible SHZ2-contatning protemn), a critical negative
mtracelludar mmmune checkpomt m NK cells, 15 a member of the mtracellular
suppressors of cytokine signaling (SOCS) famiy, which 15 important regulator of
cytokine and growth factor signaling pathways. Similar to the other members, CISH
presents a central SH2-domain, which 1s able to interact with phosphotyrosine residues
and a SOX box motit that recruits the ubiguitin-transferase system, divecting them to
proteasomal degradation. CISH is rapidly induced in respouse to IL-15, and NK celis
with deletion of CISH are more sensitive to [L-15, characterized by enhanced
proliferation, cytokime production and cytotoxicity 1o tiunors.

Genetic modification 18 showing promise for redivecting the function of various
cell types including T cells, dendritic cells and NK cells. Much work has been done
particularty on genetically redwecting T cells against a range of tumor antigens.
However, difficultics i gene-modifying primary NK cells have caused this field to lag
somewhat behind that of T cells. Several studies have modified NK cells with cytokine
fransgenes (such as HL-2, 1L-12 or {L-15 transgenes) i order to enhance NK cell
function by providing necessary cviokines directly to the cell. However, the majority
of studies describe the redirection of NK cell specificity through chimeric receptors.

There 1s still a great need for NK cells with long-term persistence during

preparation and use and having enhanced antitumor effects and reduced side effects.

SUMMARY OF THE INVENTION

Disclosed herein are genetically modified NK cells and the vses thereof in
disease treatments, such as tn adoptive cellular therapy of cancers.

According to a fust aspect, disclosed herein 15 an isolated genetically
modified NK c¢ell, wherem the NK cell 15 modified to impair the functional

expression of one or more of TIGIT, NKGZA and CISH. According to some
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embodiments, the NK cell may further comprise a chimeric antigen receptor
(CAR).

In some embodiments, an isolated moditied NK cell is provided, wherein the
NEK cell 1s modified to impatr the functional expression of at least two of TIGIT,
NKG2A and CISH.

In some embodiments, an 1solated modified NK cell 1s provided, wheremn the
NE cell 1s modified to nmpair the functional expression of one or more of TIGIT,
NKG2A and CISH, and wherewn the NK cell further comprises a chimeric antigen
receptor {CAR).

According a second aspect, disclosed herein is a cell population or a cell
culture comprising the modified NK cells of the present disclosure.

According a third aspect, disclosed herein 15 a product comprising the
modified NK cell, the cell population or the cell culture of the present disclosure.
In some embodiments, the product is a medicament, a pharmaceutical composition
or a kit

According a fourth aspect, disclosed herein is method for preparing the
modified NK cell of the present disclosure.

According a Gifth aspect, disclosed herein is use of the modified NK cell, the
cell population, the cell culture of the present disclosure in the preparation of a
product for treating diseases.

According to a sixth aspect, disclosed herein 1s a method for treating diseases
in a subject m need thereof comprising admiunistering an effective amount of the
modified NK cell, the cell population, the cell culture or the product of the present
disclosure.

According to a seventh aspect, disclosed herewn is the modified NK cell, the
cell population, the cell culture or the product of the present disclosure for use in
treating diseases.

Other objects, features, advantages and aspects of the present apphication will
become apparent to those skilled 1 the art from the following description and
appended claims. It shounld be understood, however, that the following description,
appended claims, and specific examples, whide mdicating preferred embodiments
of the application, are given by way of illustration only. Various changes and
modifications within the spurit and scope of the disclosed invention will become

readily apparent to those skilled 1n the art from reading the following.
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BRIEF DESCRTPTION OF THE DRAWINGS

The novel features of the mvention are set forth with particalanty i the
appended claums. A better vnderstanding of the features and advantages of the
present invention will be obtawed by reference to the following detailed
description that sets forth illustrative embodiments, in which the principles of the
wmvention are utilized, and the accompanying drawings of which:

Figure 1 shows the purity of the expanded NK cells.

Figure 2 shows TIGIT knockout (KO) efficiency by CRISPR/Cas® w NK
cells tested by flow cviometry.

Figures 3A-3B show NKGZA kunockout efficiency by CRISPR/Cas® in NK
cells tested by flow cytometry.

Figure 4 shows TIGIT and NKGZA dual koockout efficiency by
CRISPR/Cas9 1 NK cells tested by flow cytometry.

Figure § shows CISH knockout efficiency by CRISPR/Cas9 in NK cells
tested by Western blot.

Figure & shows CD155 and HLA-E expression on HTI1080 tumor cells.

?

"Negative” refers to negative control of cells stained with fluorescent labeled
control antibody.

Figure 7 shows the results of cytotoxicity assay of genetically modified NK
cells on HT1080-ZsGreen target cells.

Figures 8A-8B show the tumor growth mhibition tn AS49 tumor bearng
mouse after modified NK treatment. Statistic data was analyzed by Two-way
ANOVA.* p<0.05; *¥ p< .01,

Figures 9A-9B show the expression of anti-CD19 CAR m CD19 CAR-NK
and mCD 19 CAR-NK.

Figures 10A-18B show the knockout efficiency of TIGIT i m{D19
CAR-NK by flow cytometry.

Figares 11A-1IB show the knockout efficiency of CISH m mUDI19
CAR-NK by Western blot,

Figures 12A-128B show the results of cytotoxicity assay of mCD19 CAR-NK
cells on Raji-luc target cells. Statistic data was analyzed by Two-way ANOVA ¥
p<0.05; ¥F p< 0,01 #¥F¥ 30001,

Figures 13A-13B show the results of serial killing assay of mCD19 CAR-NK
cells on Rap-luc target cells. Statistic data was analyzed by Two-way ANOVA.
BEE <0001,
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Figures 14A-14B show cytokine release of IFN-y in cytotoxicity assay.
Statistic data was analyzed by Two-way ANOVA. * p<<0.05; ¥% p< .01 ¥3% p<
0,001 *¥*#¥% 5< (.0001.

Figures 15A-15B show cytokine release of {FN-y in senal killing assay.
Statistic data was analyzed by Two-way ANOVA. ¥ p< (.05, *¥% p< .01, %% p<

0.001; #¥** p<0.0001,

DETAILED DESCRIPTION OF THE DISCLOSURE

The following description and examples illustrate embodiments of the
invention i detail. It 1s to be understood that this tavention is not himited to the
particular embodiments described herein and as such can vary. Those of skill in
the art will recognize that there are numerous variations and modifications of this
nvention, which are encompassed within its scope.

The present disclosure is inter alia based on the unexpected finding that
tmpairing the fanctional expression of TIGHT, NKG24A and/or CISH in an NK cell
can remarkably improve the cytotoxicity of the genetically modified NK cell and
prolong the life span of the NK cell in vitro or in vive. Based on this finding, the
disclosure provides a genetically modified NK cell and a method for the
preparation thereot wherein at least one of TIGIT, NKGZA and/or CISH of the NK
cell 1s impaired, and wherein the NK cell may further comprise or conjugated to a
chimeric antigen receptor. Further provided herein is cell population, cell culture
or a product, comprising the NK cell of the present disclosure and the use thereof
i the treatiment of disease, such as capcer, autoimmune disease, infectious disease,
transplant rejection and other age-related disease.

Uniless defined otherwise, all technical and scientific terms used herein have
the same meaning as commonly understood by those of ordinary skill in the art to
which the disclosure belongs. Although any methods and materials similar or
equivalent to those described herein can be used mn the practice or testing of the
present disclosure, preferred methods and materials are described.

As used herein, the term "a” or "an” 15 intended to mean "one or more” (i,
at least one) of the grammatical object of the article. Singular expressions, unless
defined otherwise in contexts, include plural expressions. By way of example, "an
element” means one element or more than one element.

By "about” 1s meant a quantity, level, value, number, frequency, percentage,

dimension, size, amount, weight or length that varies by as much as 20, 15, 10, ¢

> T2
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8, 7,6, 5, 4, 3, 2 or 1% to a reference guantity, level, value, number, frequency,
percentage, dumension, size, amounnt, weight or length.

The use of “or” means “and/or” unless stated otherwise.

As used herein, unless otherwise noted, the term "comprise”, "include” and
"ncluding” will be understood to tmply the inclusion of a stated step or element or
group of steps or elements but not the exclusion of any other step or element or
group of steps or elements.

The phrase "consisting of" is meant to include, and s himited to, whatever
follows the phrase "consisting of." Thus, the phrase "cousisting of" indicates that
the listed elements are required or mandatory and that other elements may be
present.

The term "isolated” refers to a material that 15 substantially or essentially free
from components that normally accompany 1t 1 1ts native state. The matenial can
be a cell or a macromolecule such as a protein or nucleic acid. For example, an
"isolated cell” as used herein, refers to a cell, which has been purified from the
cells w a naturally-occurring state.

The term "NK cell” or "natural killer cell” refers to a type of cytotoxic
tymphocyte critical to the innate immuane system. NK cells mediate anti-tumor and
anti-viral responses, and therefore possess promising chnical utithzation. The NK
cell of the present disclosure may be derived from blood (such as autologous or
allogenic PBMUCs), NK cell lines (such as NK-92, NKG, YT, NK-YS5, HANK-1,

YTS, NKL and so on}, or differentiated stem cells (such as iPSC).

TIGIT, NRGIA and/or CISH

As uased herewn, the term "TIGIT" or "FIGIT gene"” refers to a nucleotide

molecule encoding T cell immunoreceptor with wmmunoglobulin and [TIM
domains {TIGIT), an ummune checkpoint molecule that inhibits the activation of T
cells and NK cells.

The TIGIT gene is a gene that encodes a TIGIT polypeptide, for example a
TIGIT polypeptide having a sequence set forth m SEQ 1D NO: 25, or a TIGIT
polypeptide sharing a high identity (for example, at least 80%, 8§5%, 90%. 1%,
02%, 93%, 94%, 93%, 96%, 97%., 98%, 99%, 99.5%, 99.8% identity} to the
afore-mentioned TIGIT polypeptide or any TIGIT polypeptide known 1 the art
and having the same ummune checkpoint function.

For example, the TIGIT gene can be but not himited to a nucleic acid
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molecule having a sequence set forth m SEQ 1D NGO: 26; a TIGIT polypeptide
encoding sequence sharing a high identity (for example, at least 80%, 85%, 90%,
91%, 92%, 93%, 94%, 95%, 906%, 97%, 98%, 99%, 99.5%, 99.8% identity) to the
afore~-mentioned TIGIT gene or any TIGIT gene known wn the art and having the
same function of coding and expressing a functional TIGIT polypeptide.

As used heretn, the term "NKGZA" or "NKG2A gene” refers to a nucleotide
molecule encoding NK Group 2 member A (NKGZA), a type I membrane
receptor that forms a heterodimer with UD9%4 and interacts with HLA-E to inhubit
of cell granule polarization and prevent cytotoxic granule release.

The NKG2A gene is a gene that encodes a NKGZA polypeptide, for example
a TIGIT polypeptide having a sequence set forth i SEQ 1D NG: 27, or a NKG2ZA
polypeptide sharing a high dentity (for example, at least 80%, 85%, 90%, 91%,
925, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.8% identity) to the
afore~-mentioned NKGZ2A polypeptide or any NKGZA polypeptide known 1n the
art and having the same wmmune checkpoint function,

For example, the NKG2A gene can be but pnot limited to a nucleic acid
molecule having a segquence set forth in SEQ ID NG: 28; a NKGZA polypeptide
encoding sequence sharing a high identity (for example, at Teast §0%, §5%, 90%
D1%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99 5%, 99.8% identity) to tim
afore-mentioned NKGZA gene or any NKGZA gene known in the art and having
the same function of coding and expressing a functional NKG2A polypeptide.

As used herein, the term "CISH" or "CISH gene” refers to a nucleotide
molecule encoding Cytokine-Inducible SH2-containing protein (CISH), a centical
negative intracellalar mmmune checkpomt i NK cells and a member of the
intraceltlular suppressors of eytokine signaling (SOCS) family, which 1s important
regulator of cytokine and growth factor signaling pathways.

The CIS§H gene 1s a gene that encodes a CISH polypeptide, for example a
TIGIT polypeptide having a sequence set forth w SEQ ID NO: 29, or a CISH
polypeptide sharing a high identity (for example, at least 80%, §5%, 90%, 91%
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.8% identity) to ‘E’hfﬁ
afore-mentioned CISH polypeptide or any CISH polypeptide known 1 the art and
having the same immune checkpoint function.

For example, the CISH gene can be but not himited to a nucleic acid molecule
having a sequence set forth wm SEQ ID NO: 30; a CISH polypeptide encoding

sequence sharing a high identity (for example, at least 80%, 85%, 90%, 91%, 92%
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93%, 94%, 95%, 96%, 97%, 98%, 99%, 99.5%, 99.8% idemtity) to the
afore-mentioned CISH gene or any CISH gene known in the art and having the
same function of coding and expressing a functional CISH polypeptide.

The term “tmpairing/inhibiting expression” refers to wnhibiting or reducing or
eliminating the expression of a gene or a protemn. To inhibit or reduce or eliminate
the expression of a gene (1.e., a gene encoding TIGIT, NKG2A or CiSH), the
sequence and/or structure of the gene may be modified such that the gene would
not be transcribed (for DNA)Y or translated (for RNA)Y, or would not be transcribe
or fransiated to produce a functional protein (e.g., a transcription factor).

Various methods for inhibiting or reducing or eluminate expression of a gene
arc described herein or are known in the art. Some methods may introduce nucleic
acid substitutions, additions, and/or deletions mto the wild-type gene. Some
methods may alse introduce single or double strand breaks into the gene. To
inhibit or reduce or eluninate the expression of a protein, one may inhibi or
reduce or eluninate the expression of the gene or polymucleotide encoding the
protein, as described above.

As used herein, the term "umpatred” or “inhibited” expression refers to a
decrease by at least 10% as compared to a reference control level, for example a
decrease by at least about 20%, or at least about 30%, or at least about 40%, or at
teast about 50%, or at least about 60%, or at least about 70%, or at least about
80%, or at least about 90% or up to and including a 100% decrease {i.e. absent
fevel as compared to a reference sample).

As used heremn, the term "mactivated” refers to preventing expression of a
polypeptide product encoded by the gene. Inactivation can cccur at any stage or
process of gene expression, including, but not limited to, transcription, translation,
and protein expression, and inactivation can affect any gene or gene product
including, but not himited to, DNA, RNA {such as mRNA} and polypeptides.

In some embodiments, the gene 15 inhibited or mactivated by a gene deletion.
As used herein, "gene deletion” refers to removal of at least a portion of 2 DNA
sequence from, or in proximity {o, a gene. In some embodiments, the sequence
subjected to gene deletion comprises an exonic sequence of a gene. In some
embodiments, the sequence subjected to gene deletion comprises a promoter
sequence of the gene. In some embodiments, the sequence subjected to gene
deletion comprises a flanking sequence of a gene. In some embodiments, a portion

of a gene sequence 1s removed from a gene. In some embodiments, the complete
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gene sequence 1s removed from a chromosome. In some embodiments, the host
cell comprises a gene deletion as desenibed 1n the any of the embodiments heremn.
In some embodiments, the gene is inhibited or inactivated by deletion of at least
one nucleotide or nucleotide base pair 1w a gene sequence results in a
non-functional gene product. In some embodiments, the gene is wactivated by a
gene deletion, wherein deletion of at least one nucleotide to a gene sequence
results in a gene product that no longer has the original gene product function or
activity; or is a dysfunctional gene product.

In some embodiments, the gene is inhibited or inactivated by a gene addition
or substitution, wherewn addition or substitution of at least one nucleotide or
nucleotide base pair into the gene sequence results m a non-functional gene
product. In some embodiments, the gene 1s nhibited or mactivated by a gene
inactivation, wheremn mcorporation or substitution of at least one nucleotide to the
gene sequence results in a gene product that so longer has the original gene
product function or aciivity; or is a dysfunctional gene product. In some
embodiments, the gene is inhibited or mnactivated by an addifion or substitution,
wherein ncorporation or substitution of at least one nucleotide into the gene
sequence results i a dysfunctional gene product. In some embodiments, the host
cell comprises a gene addition or substitotion as described in the any of the
embodiments herein.

Methods and techniques for impauring the functional expression of a gene in
a host cell mclude, but are not himited to, clustered, regularly mterspaced, short
palindromic repeats (CRISPR), transcrniption activator-like effector nuclease
(TALEN), zmc-finger wnauclease  (£FN), homologous  recombination,
non-homologous end-joining, and meganuciease, small wterfering RNA (siRNA),
small haurpio RNA (shRNA; also referred to as a short hairpin RNA).

In some embodiments, 77/G{7 may be impaired by a CRISPR/Cas® system
comprising gRNA selected from SEQ ID NOs: 1-6, such as SEQ IDNO: 3,2 or 6.
In some embodiments, NKG2A4 may be mnpawed by a CRISPR/Cas® system
comprising gRNA selected from SEQ 1D NOs: 7-18, such as SEQ ID NO: 18, 7 or
10, In some embodiments, CISH may be impaired by a CRISPR/Cas9 system
comprising gRNA selected from SEQ 1D NOs: 19-24, such as SEQ 1D NQG: 21, 19
or 24.

In some embodiments, the dual or triple knockout may be carried out by

using a CRISPR/Cas9® system comprising gRNAs for two or three of TIGIT,
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NKG2A and CISH, such as two or more gRNAs selected from gRNAs selected
from SEQ ID NOs: 1-6, gRNA selected from SEQ 1D NOs: 7-18 and gRNA
selected from SEHQ 1D NOs: 19-24. For example, the CRISPR/Cas9® system may
comprise the gRNAs of SEQ ID NG: 3, 18 and/or 21,

According to the disclosure n the present application, the impairment of one
or more of TIGIT, NKG2A and/or CISH may ncrease the in vifre and/or in vive
cell expansion; prolong the in vifre and/or in vive cell life time; 1mprove the in
vive cell depletion; increase the cytotoxicity of the NK cell to target cell; and/or
regulate the secretion of cytokines, interleukuns and/or growth factors by the NK

cell.

Chimeric antigen receptor (CAR)

The modified NK cells of the present apphication may further comprise
engineered antigen receptors, such as chimeric antigen rveceptors {CARs),
mcluding  activating  or stumulatory  CARs, co-stmulatory  CARs  (see
WQO2014/055668), and/or inhibitory CARs ((CARs, see Fedorov et al., Sei. Transl.
Medicine, 5{215) (December, 2013).

The CARs generally melude an oxtracellular antigen {(or higand) binding
domam linked to one or more intracclular signaling components, i some aspects
via linkers and/or transmembrane domain{s}. Such molecules typically mimic or
approximate a signal through a natural anfigen receptor, a signal through such a
receptor 1n combination with a co-stimulatory receptor, and/or a signal through a
co-stimulatory receptor alone.

In some embodiments, CAR 15 constructed with a specificity for a particular
antigen {or marker or ligand), such as an antigen expressed in a particular cell type
to be targeted by adoptive therapy, e.g., a cancer marker, and/or an anfigen
intended to induce a dampeuning response, such as an antigen expressed on a
normal or non-diseased cell type. Thus, the CAR typically mcludes i 1ts
extracellular portion one or more antigen binding molecules, such as one or more
antigen-binding fragment, domain, or portion, or one or more antibody varable
domains, and/or antibody molecules. In some embodiments, the CAR inchudes an
antigen-binding portion or portions of an antibody molecule, such as a
single-chain antibody fragment (scFv) derived from the variable heavy (VH} and
vartable hight (VL) chamns of a monoclonal antibody (mAb).

In some embodiments, the CAR comprises an antibody heavy chain domamn

10
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that specifically binds the antigen, such as a cancer marker or cell surface antigen
of a cell or disease to be targeted, such as a tumor cell or a cancer cell, such as any
of the target antigens described heretn or knowun in the art.

In some embodiments, the fargets of the CAR include but not limited to
BCMA, CD19, CD20, CDh22, PSMA, ACE2, CD7, CS1, EGFR/EGFRVI,
ErBb2/HER2, CD3, CDI138, and NKG2D.

Antibody fragments can be made by various techmques, mcluding but not
hmited to proteolytic digestion of an intact antibody as well as production by
recombinant host c¢ells. In  some embodiments, the antibodies are
recombimantly-produced fragments, such as fragments comprising arrangements
that do not cccur naturally, such as those with two or more antibody regions or
chains joned by synthetic linkers, e.g., peptide hnkers, and/or that are may not be
produced by enzyme digestion of a naturally-occcurring intact antibody. In some
aspects, the antibody fragments are scFvs.

In some embodiments, the CAR contains an antibody or an antigen-binding
fragment {(e.g. scFv) that specifically recognizes an antigen, such as an intact
antigen, expressed on the surface of a celll In some embodiments, the CAR
includes an anti-BCMA VHH.

in some aspects, the antigen-specific binding, or recognition component 1s
hinked to one or more fransmembrane and intraceliular signaling domams. [n some
embodiments, the CAR includes a transmembrane domain fused to the
extracellular domam of the CAR. In one embodiment, the transmembrane domain
that naturally 1s associated with one of the domams m the CAR 1s used. In some
mstances, the transmembrane domain 1 selected or modified by amino acid
substitufion to avoid binding of such domains to the transmembrane domains of
the same or different surface membrane proteins to mimmize wteractions with
other members of the receptor complex.

The transmembrane domam in some embodiments 1s derived either from a
natural or from a synthetic source. Where the sonrce 1s natural, the domamm n
some aspects 15 derived from any membrane-boand or transmembrane protem.
Transmembrane regions include those dertved from (1.e. comprise at least the
transmembrane region{s} of} the alpha, beta or zeta chamn of the T-cell receptor,
CD8, CD28, CD3 epsilon, CD45, CD4, CD3, CDY, CDG, CD22, CD33, CD37,
CDo64, CDRO, CD86, CD 134, CD137, CD154. Alternatively the transmembrane

domain 1 some embodiments 18 synthetic. In some aspects, the synthetic
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transmembrane domain comprises predominantly hydrophobic residues such as
feucine and valime. In some aspects, a iniplet of phenylalanine, tryptophan and
valine will be found at each end of a synthetic transmembrane domain. In some
embodiment, the CAR wmcludes CD8 hinge and transmembrane region.

In some embodiments, a short oligo- or polypeptide linker, for example, a
hinker of between 2 and 10 amino acids m length, such as one contaming glycines
and serines, ¢.g., glvcine-serine doublet, 15 present and forms a hinkage between
the transmembrane domain and the cytoplasmic signaling domain of the CAR.

The CAR generally wmcludes at least one wtracellular signaling component or
components. {n some embodiments, the CAR includes an intracellular component
of the TCR complex, such as a TCR CD3" chain that mediates T-cell activation
and cytotoxicity, e.g., CD3 zeta chamn. Thus, in some aspects, the antigen binding
molecule 15 linked to one or more cell signaling modules.  In some embodiments,
cell signaling modules include CD3 transmembrane domain, CD3 intracellular
signaling  domaimns, and/or other CD transmembrane domains. In some
embodiments, the CAR further includes a portion of one or more addifional
molecules such as Fe receptor v, CD8, CD4, CD25, or CD16. For example,
some aspects, the CAR mcludes a chimeric molecule between CD3-zeta (CD3-0)
or Fo receptor y and CDS§, CD4, CD25 or CD16,

In some embodiments, upon ligation of the CAR, the cytoplasmic domatn or
intracellular signaling domain of the CAR activates at least one of the normal
effector functions or responses of the NK cell

In some embodmments, the CAR ncludes a signaling domamm and/or
transmembrane portion of a co-stimulatory receptor, such as CD28, 4-1BB, OX40,
DAPI0, and ICOS. In some aspects, the same CAR includes both the activating
and co-stumulatory components; in other aspects, the activating domawn is
provided by one CUAR whereas the co-stimulatory component s provided by
another CAR recognizing another antigen.

In certain embodiments, the intraceliular signaling domam comprises a CD28
transmembrane and signaling domain linked to a CD3 {(eg., CD3-zeta)
wiracellnlar domain.  In some embodiments, the intracellular signaling domain
comprises a chimeric CD28 and CD137 (4-1BB, TNFRSF9) co-stimulatory
domains, linked to a CI¥3 zeta intracelular domam.

In some embodiments, the CAR encompasses two or more co-stimulatory

domain combined with an activation doman, ¢.g., primary activation doman, in
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the cytoplasmic portion. One example 15 a receptor mcluding ntracellular
components of CD3-zeta, CD2E, and 4-18BB.

In some embodiments, the CAR contains anti-BOMA VHH, with human CDS8
hinge and fransmembrane region, cyvtoplasmic domains 4-18B and CD3 zeta.

In some embodiments, the CAR or other anfigen receptor further includes a
marker to confirm transduction or engimeering of the cell to express the receptor,
sach as a truncated version of a cell surface receptor, such as trupcated EGFR
(tEGFR).

In some cases, CARs are referred to as first, second, and/or third generation
CARs. In some aspects, a first generation CAR 15 one that solely provides a
CD3-chamn mduced signal upon antigen binding, i some  aspects, a
second-generation CARs 15 one that provides such a signal and co-stimulatory
signal, such as one mcluding an mtracellular signaling domam from a
co-stimulatory receptor such as D28 or CD137; in some aspects, a third
generation CAR in some aspects 13 one that mclude multiple co-stunulatory
domains of different co-stimulatory receptors.

In some aspects, the CAR or other antigen receptor 1s an inhibttory CAR {e.g.
1CAR) and includes mtracellular components that dampen or sappress a response,
such as an mmmunc response, such as an ITAM- and/or co-stimulatory-promoted
response in the cell. Exemplary of such intracellular signaling components are
those found on wmmune checkpoint molecules, mcluding PD-1, CTLA4, LAGS,
BTLA, OX2R, TiIM-3, TIGIT, LAIR-1, PGE2 receptors, EP2/4 Adenosing
receptors including AZAR. In some aspects, the engmeered cell includes an
whibitory CAR including 2 signahing domamn of or derived from such an
inhibitory molecule, such that it serves to dampen the response of the cell, for
example, that induced by an activating and/or co-stimulatory CAR. Such CARs
are used, for example, to reduce the likelihood of off-target effects i the context
i which the antigen recogmized by the activating receptor, e.g., CAR, 15 also
expressed or may also be expressed on the surface of normal cells.  In some
aspects, an inhibitory receptor, e.g., 1CAR 18 mtroduced which recognizes a
marker specific to the normal cell.

In some exemplary embodiments, the CAR is designed contamning CDS8
signal peptide {e.g., comprising SEQ D NG: 31 or encoded by SEQ ID NG: 32);
anti-CD 19 seFv FMU63 {(e.g., comprising SEQ ID NO: 33 or encoded by SEQ ID

NO: 34); human CDS hinge and transmembrane region {e.g., comprising SEQ 1D
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NO: 35 or encoded by SEQ ID NO: 36}, cytoplasmic domamns 4-1BB (e.g.,
comprising SEQ ID NO: 37 or encoded by SEQ 1D NO: 38); and/or CD3 zeta(e.g.,
comprising SEQ 1D NO: 39 or encoded by SEQ {D NO: 403

Cell popuiation, cell culture, or product

Also provided herein 1s a cell population, a cell culture, or a product
comprising the modified NK celis as disclosed herein.

In some embodiments of the present disclosure, at least 50%, 50%, 60%, 65%,
T0%, 75%, 80%, 85%, 90%, %1%, 92%, 93%, 94%, 35%, 96%, 97%, 98%, 99%,
899.5%, 99.8% or 100% cells 10 the cell population, cell culfure or product are the
modified NK cells of the present application. In some embodiments, the cell
population, cell culture or product are free of other cells.

In some embodiments, the cell population, cell culture or product may be
used for discase treatment, such as used as a pharmaceutical composition and
formulation. The pharmaceutical compositions and formulations generally inchude
one or more optional pharmaceutically acceptable carrier or excipient. In some
embodiments, the composition wcludes at least one additional therapeutic agent.

The term “pharmaceutical formulation™ refers to a preparation which 15 in
sach form as to permit the biological activity of an active ingredient contained
therein to be effective, and which contains no additional components which are
unacceptably toxic to a subject to which the formulation would be adiministered.

A “pharmaceutically acceptable carmer” rvefers to an ingredient i a
pharmaceutical formulation, other than an active mgredient, which 18 nontoxic to a
subject. A pharmaceutically acceptable camrer includes, but 15 not himited to, a
buffer, excipient, stabilizer, or preservative,

In some embodiments, the choice of carrier is determined in part by the
particular cell, binding wolecule, and/or antibody, and/or by the method of
admmmstration. Accordingly, there are a varnety of suitable formulations. Carriers
are described, e.g., by Remington's Pharmaceuntical Sciences 16th edition, Osol, A,
Ed. (1980). Pharmaceutically acceptable carners are generally nontoxic to
recipients at the dosages and concentrations employed.

The formulation or composition may also contain more than one acfive
ingredients useful for the particular indication, disease, or condition being freated
with the binding wmolecules or cells, preferably those with  activities

complementary to the binding molecule or cell, where the respective activities do
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not adversely affect one another. Such active mgredients are suitably present in
combination in amounts that are effective for the purpose mtended. Thus, in some
embodiments, the pharmaceutical composition further includes  other
pharmaceutically active agents or drugs, such as chemotherapeutic agents, e.g.,
asparaginase, busulfan, carboplatin, cisplatin, daunorubicin, doxorubicin,
fluorouracy, gemcitabine, hydroxyurea, methotrexate, pachitaxel, rifuximab,
vinblastine, vincristine, etc.

In some embodiments, in the context of genetically engineered cells, a
subject is administered the range of about one milhon to about 100 billion cells,
such as, e.g., 1 million to about 50 billion cells {e.g., about 5 million cells, about
25 million cells, about 500 milhion cells, about 1 billion cells, about 5 bitlion cells,
about 20 billion cells, about 30 bithion cells, about 40 billion cells, or a range
defined by any two of the foregoing values), such as about 10 million to about 100
billion cells (e.g., about 20 mithion cells, about 30 million celis, about 40 million
cells, about 60 million cells, about 70 million cells, about 80 million cells, about
90 million cells, about 10 billion cells, about 25 billion cells, about 50 billion cells,
about 75 bithion cells, about 90 billion cells, or a range defined by any two of the
foregomng values), and in some cases about 100 million cells to about 50 billion
cells (e.g., about 120 mathon cells, about 250 million cells, about 350 million cells,
about 450 million cells, about 650 million cells, about 800 million cells, about 900
million cells, about 3 billion cells, about 30 billion cells, about 45 billion cells) or
any value in between these ranges, and/or such a number of cells per kilogram of
body weight of the subject.

The medicament of the present disclosare may be admimstered using
standard administration techniques, formulations, and/or devices. Provided are
formulations and devices, such as syringes and wvials, for storage and
administration of the compositions. Admunistration of the cells can be autologous
or heterologous. For example, mmumunoresponsive cells or progenttors can be
obtamed from one subject, and adpunistered to the same subject or a different,
compatible subject. Peripheral blood derived mmmunoresponsive cells or thew
progeny can be admunistered via localized injection, including catheter
admimistration, systemic mjection, localized injection, intravenous injection, ot
parenferal administration. When administering a therapeutic composition {e.g., a
pharmaceutical composition contamning a genetically modified immunoresponsive

cell), it will generally be formulated i a unit dosage injectable form (solution,
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suspension, emulsion).

Formulations  include  those for  oral, intravenous, infraperitoneal,
subcatancous, pulmonary, fransdermal, intramuscular, intranasal, buccal,
sublingual, or suppository admunistration. In some embodiments, the cell

(39

populations are administered parenterally. The term “parenteral,” as used herein,
mcludes  ntravencus, intramuscular, subcutancous, rectal, vagimal, and
wntraperitoneal admimstration. In some embodiments, the cell populations are
administered to a subject using peripheral systemic delivery by intravenous,

wntraperitoneal, or subcutaneous injection.

Therapeutic methods and uses

Also provided are therapeutic methods and uses of the engmeered cells, cell
population, cell culture, product of the present disclosure. The methods and uses
may involve admimistration of the cells, or compositions containing the same, to a
subject having a disease, condition, or disorder which can be treated with NK
cells.

As used heremn, “treatment” {(and grammatical vanations thereof such as
“treat” or “treating”) refers to complete or partial ameboration or redaction of a
disease or condition or disorder, or a symptom, adverse effect or outcome, or
phenotype associated therewith. Desirable effects of treatment wnclude, but are not
timited to, preventing occurrence or recurrence of disease, alleviation of
symptoms, diminishment of any divect or indivect pathological consequences of
the disease, preventing metastasis, decreasing the rate of disease progression,
amelioration or palliation of the discase state, and remission or mproved
Prognosis.

As used herein, the term “effective amount”, 1n the context of administration,
refers to an amount effective, at dosages/amounts and for periods of time
necessary, to achieve a desired result, such as a therapeutic result. A
“therapeutically effective amount” of an agent, ¢.g., a pharmaceuntical formulation,
refers to an amount cffective, at dosages and for pertods of time necessary, o
achieve a desired therapeutic result, such as for treatment of a disease, condition,
or disorder, and/or pharmacokinetic or pharmacodynamic effect of the treatment.
The therapeutically effective amount may vary according to factors such as the
discase state, age, sex, and weight of the subject, and the populations of cells

admimistered.
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As used herein, a “subject” 18 a vertebrate, e.g., a mammal, such as a human
or other anmimal, and typically 1s human. In some embodiments, the subject has
persistent or relapsed discase, e.g., following treatment with other therapy,
includmng chemotherapy, radiation, and/or hematopoietic stem cell transplantation
(HSCT), e.g., allogenic HSCT. In some embodiments, the subject has not relapsed
but 1s determned to be at risk for relapse, such as at a high risk of relapse, and
thus the compound or composition is administered prophylactically, e.g., to reduce
the likelihood of or prevent relapse.

The discases and disorders include cancers. Any cancer can be treated with
genetically moditied T cells as described herein. In some emboduments, the cancer
ts a hematological cancer. In some embodiments, the cancer 18 a carcinoma or a
sarcoma. [n some embodiments, the cancer 1s acute lymphoblastic leukemia, acute
myeloid leukemia, Burkitt's lymphoma, central nervous system lymphoma,
chronte lymphocytic leukemia, chronic myelogenous leukemia, hairy cell
tenkemia, chronic myeloprohiferative disorders, a myelodysplastic syndrome, an
adult acute wmyeloproliferative disorder, multiple myeloma, cutaneous T-cell
lymphoma, Hodgkin lymphoma, or non-Hodgkin lymphoma. In  some
embodiments, the cancer 15 breast cancer, prostate cancer, testicular cancer, renal
cefl cancer, bladder cancer, liver cancer, ovarian cancer, cervical cancer,
endometrial cancer, lung cancer, colorectal cancer, anal cancer, pancreatic cancer,
gastric cancer, esophageal cancer, hepatocellular cancer, kidney cancer, head and
neck cancer, ghoblastoma, mesothelioma, melanoma, a chondrosarcoma, or a
bone or soft tissue sarcoma. In some embodiments, the cancer i1s adrenocortical
carcinoma, anal cancer, appendix cancer, astrocytoma, basal-cell carcinoma, bile
duct cancer, bone tumor, brainstem ghoma, brain cancer, cerebellar asirocytoma,
cerebral astrocytoma, ependymoma, medulioblastoma, supratentorial primitive
neuroectodermal tumors, visual pathway and hypothalamic glioma, or bronchial
adenomas. In some embodiments, the cancer 1s desmoplastic small round cell
tumor, cpendymoma, epithehiod hemangioendothehioma (EHE), Ewing's sarcoma,
extracranial germ cell tumor, extragonadal germ cell tumor, extrahepatic bile duct
cancer, intraocular melanoma, retinoblastoma, gallbladder cancer, gastrointestinal
carcinoid tumor, gastrowfestinal stromal twmor (GIST), germ cell tumor,
gestational trophoblastic tumor, gastric carcinoid, heart cancer, hypopharyngeal
cancer, hypothalannic and visual pathway ghoma, childhood, mntraccular

melanoma, islet cell carcinoma, Kapost sarcoma, laryngeal cancer, hip and oral
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cavity cancer, liposarcoma, non-small cell hang cancer, small-cell lung cancer,
macroglobulinemia, male breast cancer, malignant fibrous histiocytoma of bone,
medulioblastoma, melanoma, Merkel cell cancer, mesothelioma, metastatic
squamous neck cancer, mouth cancer, multiple endocrine neoplasia syndrome,
mycosis fungoides, chronic, myxoma, nasal cavity and paranasal sinus cancer,
nasopharyngeal carcinoma, neuroblastoma, oligodendroglioma, oral cancer,
oropharyngeal cancer, osteosarcoma, ovarian cpithelial cancer, ovarian germ cell
tumor, ovarian low malignant potential tumor, paranasal sinus and nasal cavity
cancer, parathyroid cancer, pentle cancer, pharyngeal cancer, pheochromocytoma,
pineal astrocytoma, pineal germinoma, pineoblastoma, supratentorial primutive
neurcectodermal  tumors, pituitary adenoma.  plasma cell  neoplasia,
pleuropulmonary blastoma, primary central nervous system lymphoma, renal cell
carcinoma, retinoblastoma, rhabdomyosarcoma, salivary gland cancer, uterine
sarcoma, Sczary syndrome, non-melanoma skin cancer, melanoma Merkel cell
skin carcinoma, small infestine cancer, squamous cell carcinoma, squamous neck
cancer, throat cancer, thymoma, thyroid cancer, transitional cell cancer of the
renal pelvis and ureter, trophoblastic tumor, gestational, urethral cancer, uterine
cancer, vaginal cancer, vulvar cancer, Waldenstrom macroglobulinemia, or Wilms
umoyr.

Also among the diseases and conditions are autommmune and wiflammatory
diseases. Exemplary diseases and conditions include multiple sclerosis,
rheumatord arthritis, and systemuic lupus erythematosus (SLE).

Also among the diseases and conditions are age-related diseases other than
cancer.  Exemplary diseases and conditions inclade atherosis, diabetes,
hepatofibrosis and ostarthritis.

In some embodiments, the methods include adoptive cell therapy, whereby
genetically engineered cells of the present disclosure are administered to subjects.
Such administration can promote activation of the cells {e.g., NK cell activation)
in a targeted manner, such that the cells of the disease or disorder are targeted for
destruction.

Adoptive cell therapy represents a new paradigm in cancer immunotherapy,
but it can be limited by the poor persistence and function of transferred T/NK cells.
Natural killer (NK} cells can be xenografted and have the potential to become
oft-the-shelf products, making NK cell or CAR-NK cell adoptive cellular

therapies universal.
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Here we use, for example, a CRISPR-Cas9 mutagenesis screening approach
to demonstrate that, by targeting TIGIT, NKGZA and/or CISH, NK cells are
reprogrammed to long-lived effector cells with extensive accumulation, better
persistence and robust effector function 1o tumors; furthermore, the modified NK
cells further comprising CAR produce improved anti-tumor effects. We thereby
provide modified NK cells which are promusing in the adoptive cell therapy of
diseases, such as tumors.

The provided methods and vses include methods and uses for adoptive cell
therapy. In some embodiments, the methods include administration of the cells or
a composition containing the cells to a subject, tissue, or cell, such as one having,
at risk for, or suspected of having the disease, condition or disorder. In some
embodiments, the cells, populations, and compositions are administered o a
subject having the particular disease or condition to be treated, e.g., via adoptive
cell therapy, such as adoptive NK cell therapy or CAR-NK cell therapy. In some
embodiments, the cells or compositions are administered to the sabject, such as a
subject having or at risk for the disease or condition. In some aspects, the methods
thereby treat, e.g., amehliorate one or more symptom of the disease or condition,
such as by lessening tumor burden,

Methods for admunistration of cells for adoptive cell therapy are known and
may be used in connection with the provided methods and compositions. In some
embodiments, the cell therapy, e.g., adoptive cell therapy, e.g., adoptive T cell
therapy, 1s carried out by autologous transfer, m which the cells are isolated
and/or otherwise prepared from the subject who 1s to receive the cell therapy, or
from a sample derived from such a subject. Thus, m some aspects, the cells are
derived from a subject, ¢.g., patient, in need of a treatment and the cells, following
isolation and processing are administered to the same subject.

In some embodiments, the cell therapyv, e.g., adoptive cell therapy, e.g.,
adoptive NK or CAR-NK cell therapy, 1s carried out by allogeneic transfer, in
which the cells are 1solated and/or otherwise prepared from a subject other than a
subject who 1s to receive or who ultimately receives the cell therapy, e.g., a first
subject. In such embodiments, the cells then are administered to a different subject,
e.g., a second subject, of the same species. In some embodiments, the first and
second subjects are genetically identical. In some embodiments, the first and
second subjects are genctically sumlar. In some embodiments, the second subject

expresses the same HLA class or supertype as the first subject,
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Depending on the type and severity of the disease, dosages of cells or
pharmaceutical composition may mclude about 1 ug/kg to 15 mg/ke (eg
0. Img/kg~10mg/kg), about 1 ug/kg to 100 mg/kg or more, about 0.05 mg/kg to
about 10 mg/kg, 0.5 mg/kg, 2.0 mg/kg, 4.0 mg/kg or 10 mg/kg. Multiple doses
may be admunistered intermuttently, e.g. every week or every three weeks. An
mittal higher loadmg dose, followed by one or more lower doses may be
admnistered.

After admunistering the cells to a mammal {e.g., a human), the biological
activity of the engineered cell populations and/or the pharmaceutical composition
can be measured by any of known methods. Parameters to assess include specific
binding of engmeered NK cells to antigen, in vive, e.g., by imaging, or ex vivo,
¢.g., by ELISA or flow cytometry. In certain embodiments, the ability of the
engineered cells to destroy target cells can be measured using any suitable method
known in the art, such as cytotoxicity assays. In certain embodiments, the
biological activity of the cells also can be measured by assaving expression and/or
secrefion of cerfain cytokines. {n some aspects the biological activity 1s measured
by assessing clinical outcome, such as reduction in tumor burden or load.

In some embodiments, the cells or pharmaceutical composition are
administered as part of a combination treatment, such as simultancously with or
sequentially with, in any order, another therapeutic intervention, such as another

engineered cell or receptor or agent, such as a cytotoxic or therapeutic agent.

Publications cited herein and the matenals for which they are cited ave
hercby specifically incorporated by reference in their entireties. Al reagents,
anless otherwise indicated, were obtained commercially. All parts and percentages
are by weight unless stated otherwise. An average of results is presented unless
otherwise stated. The abbreviations used herein are conventional, unless otherwise

defined.

EXAMPLES

Examuple 1, NK expansion in vifre with K562 feeder cells

K362 cells expressing full length 4-1BBL and membrane-bound form of [L-21
(mblL-21) were constructed by sleeping beauty transfection system (Addgene).
Gene sequences euncodmng mbil-21 and 4-1BBL were closed wnto pSBbi-RB
plasmid {Addgene-60522). The pSBLI-RB-mbilL21-4-1BBL plasmid was

transduced nto K562 cells by co-mcubated with sleeping beauty transposase (8B
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100X, CATH# Addgene-127909) at a ratio of 3:1. The engineered K562 cells were
selected under blasticidin pressure for a few weeks and vsed as NK feeders to
amply NK cells in vitro after confumation of the mbil-21 and 4-1BBL
EXPYession,

fresh PBMCs from healthy donors were provided by SailyBio {Shanghati,
China} and AllCells {(Shanghas, China}. The K362 feeder cells were pre-treated
with 50 pg/mL mitomycin C (Sigma-M4287) for 1 hour at 37 °C, 5% CO, to stop
cell prohiferation. PBMCs were co-cultured with mactivated K562 feeder celis at
the ratio of 1'1 in RPMI-1640 medium containing 10% FBS and 200 U/mlb
(R&D-202-1L) human 11-2 at 37 °C, 5% CO,. The medium was replaced every 2

or 3 days.

Examuple 2, Puritv determingtion of the expanded NK cells

At day 14, expanded NK cells (1710° cells/well) were co-incubated with
APC-anti-CD3 {Biolegend-300439) and PE-anti-CD356 anfibody
(Biolegend-318303) at 4 °C for | hour. After washimg with 1% BSA/PBS, the
cells were forther washed and resuspended 1 1% BSA-PBS (w/v) for flow
cytometry and the data were analyzed by Flowlo.

The purity of NK cell population (characterized by CD3'CD56") is shown in

Figure 1 and listed in Table 1.

Table 1. The purity of expanded NK cells from 6 donors

Donor | CDICDS6" population
] 76.9%
2 54 7%
3 78.3%
4 51.9%
5 52.4%
& 84.1%

The result windicates that NE cells are successtully expanded with a high
purity from fresh PBMCs.

Example 3. Single or double knockout of TIGIT, NKGZA andier CISH by
CRISPR/Cas®

3.1 seRNA seguences

Small guide BNA {sgRNA} sequences for TIGIT, NKG2ZA or CISH were
designed on the website CRISPOR (http://crispor.tefor.net/} and synthesized by

GenScript (Nanjng, China). The sequences of the sgRNAs are listed n Table 2.
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Table 2. sgRNA sequences for TIGIT, NKG2ZA and CISH

TARGET | SEQIDNO SEQUENCES
i CAGGCACAATAGAAACAACG
2 ATGTCACCTCTCCTCCACCA
TIGIT 3 GCTGACCGTGAACGATACAG
4 TCGOTGACCGTGAACGATAC
3 CACTGGGAGAATCTTCOTGG
6 CTGGGTCACTTGTGCCGTGG
7 TGAACAGGAAATAACCTATG
8 TTGAAGGTTTAATTCCGCAT
g GGTCTGAGTAGATTACTCCT
10 AGATAAGACAGATAATTCCC
1t ATGAGCTTCTOTGGAGCTGA
12 AACAACTATCGTTACCACAG
NEGZA 13 GCTCCAGAGAAGCTCATTGT
14 GAAGCTCATTGTTGGGATCC
15 CTCCATTTTAGCAACTGAAC
16 AAGCTCATTGTTGGGATCCT
7 ATCCCAACAATGAGCTTCTC
18 AGGCAGCAACGAAAACTUTAA
19 CAACCGTCTGGTGGCCGACG
20 CAGGCACAATAGAAACAACG
CISH 21 ATGTCACCTCTCCTCCACCA
‘ 22 GOTGACCGTGAACGATACAG
23 TCGOTGACCGTGAACGATAC
24 CACTGGGAGAATCTTCUTGG

3.2 TIGIT, NKG2A and CISH knockout by CRISPR/Cas®

CRISPR-~Cas9 nbonucleoprotein {(RNP) complex was delivered to expanded
NK cells by 4D-Nucleofector’" System (4D-Nucleofector Core Unit, Lonza).

Mediom (RPMI-1640 containing 10% FBS and 200 U/mL human TL-2) was

pre-warmed 1 cell culture plate at 37°C for 30 mun, and NK cells were harvested

for mnucleofection. RNP (ribonucleoprotein) complex of Cas% (100 pmol,
Invitrogen-A36498) and sgRNA (200 pmol} were mixed and incubated at room
temperature for 20 minutes. 1x10° expanded NK cells per reaction were mixed
with RNP complex comprising sgRNA gently i 100 pl. P3 primary nucleofection
solution (Lonza-V4XP-3024) at room temperature, and the mixture was then
transferred into Nucleocuvette vessels. The vessels were inserted into Lonza
4D-Nucleofector, and nucleofection was carrted out with the Program CM-137.

Pre-warmed medium was ummediately added into each cassette well after the
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vessels were removed. The medium/cell/RNP mixture was pipetted mto
pre~-warmed RPMI-1640 medium in 6-well-plate and mcubated at 37 °C, 5% CO,.
At day 3, knockout efficiency was subseguently assaved by flow cytometry or
Western blot.

Dual-knockout (DKO) was performed with sgRNA-3 {for TIGIT), sgRNA-18
{(for NKG2A) and sgRNA21 (for CISH), which had significant effects m single

protein knockout.

3.3 Knockout efficiency determination by flow cviomeiry

Single and dual knockout efficiencies of cell surface proteins TIGIT and
NKG2A were determined by flow cytometry.

NK cells (12107 cells/well) were incubated with APC-anti-TIGIT antibody
{eBioscience-17-9500-42) at 4 °C for | hour. After washing by 1% BSA/PBS, the
cells were washed and resuspended in 1% BSA-PBS (w/v) for flow cytometry and
the data were analyzed by Flowlo.

The efficiency of TIGIT, NKG2A and dual knockout are shown in Figure 2-4

and histed 1n Tables 3-5, respectively.

Table 3. The efficiency of TIGIT knockout

Target SEQ No TIGIT' population
00 sgRNA 88.7%
i 25.1%
2 10.9%
TIGIT 3 2.60%
4 24 8%
5 12.3%
6 742%

Table 4, The efficiency of NKGZA knockout

Target SEQ Ne NEG2A™ population
no sgRNA 32.2%
7 10.2%
3 13.9%
Q 36.5%
_ 10 R.37%
NRG2A i1 29.6%
no sgRNA 33.0%
12 18.3%
13 27.0%
14 41.3%
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i3 31.6%
£6 36.5%
£7 36.6%
i8 18.1%

Table 5. The efficiency of dual knockout of TIGIT and NKG2A

N TIGIT NKG2ZA™

Target SEQ No population population
TIGIT and no sgRNA 83.3% 46.4%
NKGZA 3 and 18 5.66% 12.8%

Results indicate that at least some of the sgRNAgs are effective in the
knockout of TIGIT and/or NKGZA.

3.4 Knockout efficiency determination by Western blot

Single efficiency of intracellular protemn CISH was determined by Western
blot.

NK cells (17107 cells) were collected, washed with ice~cold PBS and lysed in
cell lysis buffer (Cell Signaling Technology-9803). Cell lysates contamning equal
amounts of protein were separated by SDS-polyacrviamide gel electrophoresis
(PAGE} and transferred to polyvinylidene difluoride membranes. After blocking
in 5% non-fat milk i Tris-buffered saline with §.1% Tween 20, membranes were
mcubated at 4°C overmight with rabbit anti-CISH antibody (Cell Signaling
Technology-8731) and then were exposed HRP-goat antt-rabbit IgG (Cell
Signaling Technology-7070S8) for 2h at room tfemperature. Immunoreactive
proteins were visualized using an enhanced chemiluminescence system
{ChemiDoc MF, Bio-Rad). The strips were washed in TBST and then mcubated at
4 °C with anti-GAPDH {Cell
Technology-97166). Chemiluminescent signals were re-captured after secondary

{HRP-goat i (CAT#  Bethvl

overnight ouse antibody Signaling

antibody  incubation anit-mouse
Laboratories~-AS0-231P}.
The data 1s shown in Figure 5. Results indicate that some of the sgRNAs

were effective in CISH knockout.

Example 4, Cyviotoxicity of modified NK cells
HTI080 (ECACC-no 851115065

Haman Gbrosarcoma  cell line with

24



N

1¢

[Ry
[

20

WO 2022/242700 PCT/CN2022/093747

endogenous CD 155 expression on the cell surface and elevated HLA-E expression
after TFN-y mduction, was used to assess the cytotoxicity of modified NK cells.
Lentiviras expressing ZsQreen was packaged with lentivirus shuttle vector with
Zs(Green synthesized in Sangon {(Shanghai, China) and package plasmids PsPAX.2
{Addgene-12260}) and PMD2.G {Addgene~1225%). HT1080 cells transfected with
lentivirus with ZsGreen were pre-seeded in a 96-well plate for 24 hours m the
presence of 0.5 pg/mb IFN-y to allow them adhere to the flat bottom of the culture
plate.

The D185 and HLA-E expression levels were determined by flow
cytometry using PE-anti-CD155  antibody (eBioscience~12-15350-41) and
APC-anti-HLA-E antibody (Biclegend-342606). Figure 6 shows the high
expression levels of CD1S3 {(a ligand of TIGIT) and HLA-E (a ligand of NKGZA)
in HT1080 cells.

Subsequently, modified NK cells were added to each well at the ratio of 3:10,
The number of viable cells were assessed by the green fluorescence signal
mounitored by the IncuCyte ZOOM (Essen Bioscience) automated live cell umaging
system.

The data 1 Figure 7 mdicates the enhanced cytotoxicity of NK cells wath
TIGIT, NKG2ZA and/or CISH knockout at the NK/tumor cell ratio of 3:10, among
which, dual knockout of TIGIT/NKGZA, TIGIT/CISH and NKG2ZA/CISH shows
promising anti-tumor activities, with TIGIT+CISH dual knockout showing the

best effect among all the tested groups.

Example 5, fr vive studyv of engineered NK

Six-to eight~week-old female NSG (Biocytogen, China) mice were housed
and treated under specific pathogen-free conditions and were provided autoclaved
food and water. All the procedures related to antmal handling, care and the
treatment 1 the study were performed following the gmidance of the Association
for Assessment and Accreditation of Laboratory Animal Care (AAALAQ). 4x 10°
AS549 cells 1 100mL PBS were suboutaneously injected into the night flanks of
NSG mice on day 0. When tumor reached 50-100 mm’, the mice were divided into
four groups (Vehicle-PRS; Unmodified NK; NK with TIGIT/CISH knockout; NK
with NKG2A/CISH knockout; n=6) and received 1x 107 NK cells intravenously at
day 0, day 3 and day 6. Tumor volume and mouse weight were measured every

three days. Tumor volume was measured every three days with a caliper and
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calculated with the following equation: V = 0.5ab”, where a and b are the long and
short drameters of the tomor, respectively.

The results are shown in Fig. §A (fumor growth inhibition) and Fig. 8B (body
weight change), respectively.

The results in Figore 8A show NK cellis with TIGIT/CISH knockout or
NKG2A/CISH knockout have supertor efficacy in eliminating HT10S0 tumor
growth in mouse. Further, no significant differences were observed as shown

Figure §B, which mdicated the safety of NK wreatment.

Example 6. CAR-NK and modilied CAR-NK preparation
6.1 Construction of anti-CB18 CAR plasinid and retroviral vectors
The CD19Y targeting CAR designed contains CDS signal peptide (SEQ 1D NO:

31 amine acid sequence; SEQ 1D NO: 32 coding sequence), anti-CD19 sclbv
FMO83 (SEQ ID NG: 33 amino acid seguence; SEQ 1D NG: 34 coding sequence),
with human CD8 hinge and transmembrane region (SEQ D NO: 335 amino acid
sequence; SEQ ID NG: 36 coding sequence), cytoplasmic domains 4-1BB (SEQ
1D NO: 37 amino acid sequence; SEQ ID NO: 38 coding sequence) and CD3 zeta
((SEQ ID NO: 39 amino acid sequence; SEQ 1D NG: 40 coding sequence). The
CAR ¢DNA constructs were synthesized mto the multi-cloning sttes of retroviral
shuttle vector pMSCV-SFFY,

On day 0, 1x107 2937 cells (ATCC- CRL-3216) were seeded in a 150-mm
dish. Next day, D19 CAR and vectors were co-transfected with retroviral
packaging plasmids, pCMV-gag-pol and PMD2.BaEV (SEQ 1D NO: 41 ammo
actd sequence; SEQ 1D NO: 42 coding sequence) to 2937 cells. On day 2, the
medinm of transfected 2937 cells was replaced with fresh medinm. On day 3,
retrovirus supernatants were collected from the transfected 2937 cells and were
filtered with 0.45 um polyethersulfone (PES) membrane filter. If necessary,
refrovirus supernatants were concentrated by ultracentrifuge (Beckman).

Titer of retrovirus was determined by HTI080 (ECACC, no 85111505
infection. Briefly, HT1080 cells were seeded in 96-well plate at the density of
10,000/well overnight, Serially dduted retrovirus by S-fold with complete DMEM
medinm was added to HT1080 cells and mixed gently. The plate was kept 1n a
37°C incubator for 72h. The expression of CAR in HTI080 cells was
characterized by fluorescence using flow cytometry. The titer of retrovirus was

calculated as follows:
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Titer of retrovirus (TU/mL) = (Number of cells transduced ~ Fluorescence

positive %)/ Volame of virus).

6.2 reneration of anii-CD 12 CAR-NK cells

Expanded NK cells were mixed with retroviral particles with the MOI of 4,

together with polybrene (Millipore-TR-1003-G; 4 pg/mL}, which had been shown
to mnprove retroviral transduction cfficiency of NK cells. Afterwards, the cells
were centrifuged in a 6~well plate for 90 min (1500 rpm at 32 °C), followed by 18
hrs of mcubation at 37 °C i complete RPMI 1640 medinm. The transduction
mixture was then removed by centrifugation and replaced with fresh complete
RPMI 1640 medium, with the presence of IL-2 (200 U/mL) and 1L-15 (140
U/mL).

6.3 Generation of modified CAR-NK cells

Modified anti-CD19 CAR-NK {(mCDI19 CAR-NK) is obtamned from
anti-C D19 CAR-NK on day 4 post-transfection by dual knockout of TIGIT and
CISH. The electroporation process of CAR-NK with TIGIT and CISH RNP

complex has been described 1 example 3.2, Then, mCD19 CAR-NK cells were

co~cultured with mitomycein C treated K562 feeder cells (the same as the treatment
in Example 1) 1o completed 1640 mediuom with the presence of 1L-2 (200 U/mL}
and [L~15 (140 U/mL).

6.4 Transduction elficiency determination of CP19 CAR-NEK

Transduction efficiency of CD19 CAR and mCD19 CAR NK cells was
evaluated at day § post transfection (1.e., after co-culiured with K562 feeder cells
for 5 days) by flow cytometry. Briefly, CAR-NK and mCAR-NK cells were
harvested and iwncubated with PE-labelled CD19 antigen {Acro Biosystems,
CD9-HP2ZH3; dilution 1:100}at 4 °C for 1 hour. After washing with 1% BSA/PBS,

the cells were washed and resuspended m 1% BSA-PBS for flow cytometry and

the data were analyzed by Flowlo.
The resulis in Figures 9A and 9B show that anti~-CD19 CAR-NK cells are

effectively generated with high transduction efficiency.

6.5 Knockout efficiency determination by FACS and Western blot
TIGIT and CISH knockout cfficiency of mCD19 CAR NK celis was
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determned by flow cytometry and Western blot, respectively. The results showed
i Figures 10A, 10B, 11A and 11B demonstrate the high knockout efficiency of
TIGIT and CISH in mCD19 CAR NK cells.

Example 7. In vitre characterization of CAR-NK

CAR-NK cells were characterized by the killing ability test agamst tumor

cells and cytokine release at day 14 post transfection.

7.1 Cvtotoxicity assay

To generate target cells expressing luciferase, lentiviral luciferase was
transduced into Rap cells. CDI19 CAR-NK and mCD19 CAR-NK cells were
co-cultured with 20,000 laciferase-expressing Rap (Rapi-lue, ATCC-CCL86) cells
at a ratio of 3:1 and 1.1 for 24 howrs. One-Glo Luciferase assay reagent {CATH
Promega £6120) was added to each well. After shaking the plate for 5 mu at room
temperature, luminescence was detected vsing EnVision reader (PerkinBElmer).
Supernatants were collected and frozen in -80 °C for IFN-y release. Cytotoxicity
was calculated by the formula: Cytotoxictty™ RLUiued growp’ BLUcourot group X
100%.

The results 1 Figure 12ZA and 12B show that the mCD 19 CAR-NK cells have
significantly wcreased cytotoxicity to cancer cells as compared to non-modified
CDe CAR-NK cells, indicating the modified CAR-NK cells are much more

effective in cancer treatment.

7.2 Serial killing assay

Sertal-killing assay was forther used to explore the cyiotoxicity of
mCDISCAR-NEK., CIM9 CAR-NK and mCD19 CAR-NK cells were co-cultured
with 20,000 Raji-luc cells at a ratio of 3.1 and 1:1 for 24 hours, then the same
amount of new Raji-luc cells were added. 24 hours later, supernatants of 100ul
were collected and frozen in -80 °C for IFN-y release. Oune-Glo Luciferase assay
reagent (CATH Promega E6120) was added to each well. After shaking the plate
for 5 min at room temperature, luminescence was detected nsing EnVision reader
{PerkinElmer).

Results 1 Figures 13A and 13B show that the mCD 19 CAR-NK cells have
ncreased cytotoxicity to cancer cells m the serial killing assay, mdicating the

modified CAR-NK cells are potentially more effective m cancer treatment.
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7.3 Cyviokine release detection

The supernatant collected as described in example 7.1 and 7.2 was thawed for
[FN~y quantitation by enzyme-lhinked mmmunosorbent assay {(ELISA}Y using
matched antibody paus.

Recombinant human IFN-y {(cat# PeproTech-300-02) was used as standards.
The plates were pre-coated with capture antibody specific for human IFN~y {(catd
Pierce-M700A). After blockng, 100 ul of standards or samples were pipetted
wto cach well and incubated for 2 hours at ambient temperature. Following
removal of the unbound substances, the biotin-conmgated detecting antibody
specific for IFN-y {cat# Pierce-M701B) was added to the wells and mcubated for
one hour. The streptavidin conjugated Horseradish Peroxadase (HRP) (cat#
Invitrogen-SNN1004) was then added to the wells for 30 mun incubation at
anmbient temperature, The color was developed by dispensing 100 ul of TMB
substrate, and then stopped by 100 ul of 2N HCL The absorbance was read at 450
aM using a Microplate spectrophotometer.

The results i Figures 14A, 14B, 15A and 15B show that the release of
buman IFN-y by the mCD19 CAR-NK cells 1s much higher than CD19 CAR-NK.

The present invention s not to be humited in scope by the embodiments
disclosed herein, which are intended as single illustrations of individual aspects of
the mvention, and any that are functionally equivalent are within the scope of the
wmvention. Various modifications to the compositions and methods of the
mvention, in addition to those described herein, will become apparent o those
skilled i the art from the foregomg description and teachings, and are simularly
intended to fall within the scope of the wvention. Such modifications or other
embodiments can be practiced without departing from the true scope and spirit of

the mvention.
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N%fh NAME QE};}%SE) NAME
I TIGIT sgRNA-1 22 CISH sgRNA-4
2 TIGIT sgRNA-2 23 CISH sgRNA-S
3 TIGIT sgRNA-3 24 CISH sgRNA-S
4 TIGIT sgRNA-4 23 TIGIT polvpeptide
5 TIGIT sgRNA-S 26 TIGHT coding sequence
6 TIGIT sgRNA-G 27 NKG2A polvpeptide
7 NKG2A sgRNA-T 28 NKG2A codmng sequence
& NKG2A sgRNA-2 25 CISH polypeptide
¢ NEKGZA sgRNA-3 36 CISH coding sequence
10 NKG2A sgRNA-4 31 ¥ signal peptide
it NKG2A sgRNA-S 32 D8 signal peptide coding sequence
i2 NKGZA sgRNA-6 33 anti~CD19 seFv FMCE3
13 NKG2A sgRNA-T 34 anti-C19 scbFv FMUS3 coding sequence
14 NKGZA sgRNA-S 33 human CD8 hinge and transmembrane region
15 NKG2A soRNAD 16 iliis:jiiengc & transmernbrane region coding
S NKG2A sgRNA-10 37 4-1BB
17 NEKGZA sgRNA-1T 38 4-1BB coding sequence
ig NKG2A sgRNA-12 35 D3 zeta
i9 CISH sgRNA-1 46 CD3 zeta coding sequenae
20 CISH sgRNA-2 41 BaEV
21 CISH sgRNA-3 42 BalV coding sequence
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What is claimed is:

1. An isolated modified NK cell, wherein the NK cell s modified to impair
the functional expression of two or three of TIGIT, NKG2A and CISH.

2. An isolated modified NK cell, wherein the NK cell 1s modified to tmpawr
the functional expression of one or two or three of TIGIT, NKG2A and CISH, and
wherein the NK cell further comprises a chimerie antigen receptor (CAR).

3. The modified NK cell of clatm T or 2, wherein the functional expression is
reduced or eliminated by gene knock-ouf, gene mutation, gene deletion, gene
stlencing or a combination of any of the foregoing.

4, The modified NK cell of claim 1 or 2, wheremn the functional expression 1
reduced or elhiminated using a CRISPR system, a TALEN system, a zinc fhinger
nuclease (ZFN) system, a meganuclease system, an siRNA, an antisense RNA, a
microRNA, a short haupwt RNA or a combination of any of the foregoing.

5. The modified NK cell of clatm T or 2, wherein the functional expression is
reduced or eliminated using a CRISPR system, and the sgRNA used is selected
from SEQ 1D NQOs: -6, SEQ 1D NOs: 7-18, and SEQ 1D NO: 19-24,

6. The modified NK cell of claim 1 or 2, wherein the impairment of the
functional expression reduces expression of the target gene(s) m the modified NK
cell by at least 50, 60, 70, 80, 90, or 95 % as compared to a corresponding NK cell
in the absence of the impaurment.

7. The modified NK cell of claim 1 or 2, wherein the NK cell 1s derived from
the group consisting of: umbilical cord blood, peripheral blood and/or placenta of
a vertebrate {e.g., human or rodent celly, and mdaced pluripotent stem cell ((PSCY;
and/or the NK ¢ell 15 autologous or allogeneic.

8. The modified NK cell of claim 2, wherewn the CAR comprises: (1) an
antigen recognition domam, (11} an extracellular hinge region, (i) a
transmembrane domain, and (1v) an intracellular cell signaling domam.

9. The modified NK cell of claim 8, wheremn the antigen recogmition domain
is an antibody or antigen binding fragment thereof targets an antigen expressed on
the target cells but not expressed on healthy cells, e.g.. an antigen recognition
domain derived from the variable regions of a monoclonal antibody (mAb) linked
together as a single-chain variable fragment (scFv), or a variable domain of heavy
chain of heavy chain antibody (VHH}; and/or

the antigen recognition domain 1s a member of natural higand/receptor pars,
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e.g., a cytokine, an nnate immune receptor, a TNF receptor superfamily member,
a growth factor, and/or a structural protemn.

10, The modified NK cell of claim 8, wherein the antigen recognition domain
targets one or more antigens selected from the group consisting of: CD19, CD2G,
HER2Z, BCMA, and/or EGFR TSHR, CD19, CD123, CD22, CD39, CD171, CS8-1,
CLL-1, CD33, EGFRvIE, GD2, GD3, BCMA, TnAg, PSMA, RORI, FLT3, FAP,
TAGT2, CD38, Chddvo, CEA, EPCAM, B7H3, KIT, 1L-13Ra2, Mesothelin,
IL-11Ra, PSCA, PRSS21, VEGFRZ, LewisY, CD24, PDGFR-beta, SSEA-4,
CD20, Folate receptor alpha, ERBB2 (Her2/neu), MUCIH, EGFR, NCAM,
Prostase, PAP, ELF2M, Ephrin B2, IGF-I receptor, CAIX, LMP2, gp100, ber-abl,
tyrosinase, HphAZ, Fucosyl GM1, sle, GM3, TGSS, HMWMAA, o-acetyl-GD2,
Folate receptor beta, TEMI/CD248, TEMTR, CLDN6, GPRUSD, CXORF61,
CD97, CD179a, ALK, Polysialic acid, PLACI, GloboH, NY-BR-1, UPKZ,
HAVCRIL, ADRB3, PANXS, GPR20O, LY6K, ORS1EZ, TARP, WT1, NY-ESO-1,
LAGE-la, MAGE-A1l, legumain, HPY E6, E7, MAGE Al ETV6-AML,
spermprotein 17, XAGEL, Tie 2, MAD-CT-1, MADCT-2, Fos-related antigen 1,
pS3, p33 mutant, prostetn, survivin and telomerase, PCTA-1/Galectin 8, MelanAl
MART1E, Ras mutant, hTERT, sarcoma translocation breakpoints, ML-TAP, ERG
(TMPRSS2 ETS fusion gene), NAL7, PAIX3, Androgen receptor, Cychn B 1,
MYCN, RhoC, TRP-2, CYPIB1, BORIS, SART3, PAXS, OY-TESI, LCK,
AKAP-4, 85X2, RAGE-1, human telomerase reverse transcriptase, RUI, RUZ,
intestinal carboxyl esterase, mut hsp70-2, CD79a, CD79h, CD72, LAIRIL, FCAR,
LILRAZ, CD300LF, CLECIZA, BSTZ, EMR2, LY75, GPC3, FCRLS, and IGLL;
and, urokinase plasminogen activator receptor (uPAR).

11. The modified NK cell of claun 8§, wherein the CAR comprises a CD3({
endodomain (e.g. a polypeptide comprising the amino acid sequence of SEQ ID
NQO: 39 or encoded by the nucleofide molecule comprising SEQ 1D NO: 40}, a
co-stimulatory signaling domain selected from CD27, CD2§, 4-1BB (CD137, e.g.
a polypeptide comprising the amino acid sequence of SEQ 1D NO: 31 or encoded
by the nucleotide molecule comprising SEQ D NO: 32}, OX40, CD30, CD40,
PO-1, ICOS, lymphocoyte function-associated antigen-1 (LFA-1), CD2, ChY7,
LIGHT, NKG2C, B7-H3, a ligand that spectfically biuads with CD83, CDS,
ICAM-1, GITR, BAFFR, HVEM (LIGHTR), SLAMF7, NKp8O (KLRFI1),
CD160, CD19, CD4, CDS8alpha, CD8beta, IL2R beta, IL2ZR gamma, TL7R alpha,
ITGA4, VLAL, CD4%a, ITGA4, 1A4, CD49D, ITGAG, VLA-6, CD49E ITGAD,
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CD1id, ITGAE, CPI03, ITGAL, CD1ila, LFA-L, ITGAM, CD1ib, ITGAX,
Chlile, ITGBI, Cb29% ITGB2, CDi8, LFA-1, ITGB7, TNFR2,
TRANCE/RANKL, DNAMI1 (CD226), SLAMF4 (CD244, 2B4), CD84, CDY%6
(Tactile), CEACAMI, CRTAM, Ly9 (CD229), CD160 (BYSS), PSGLI, CDI0O
(SEMA4D), CD69, SLAMF6 (NTB-A, Ly108), SLAM (SLAMFI, CDISQ,
IPG-3), BLAME (SLAMFR), SELPLG (CD162), LTBR, LAT, GADS, SLP-76,
PAG/Chp, NKpd4, NKp30, NKpdo, and NKG2D.

12, The modified NK cell of claim 8, wherein the CAR is transduced to the
NE cell by a vector, e.g., a lentiviral vector or retroviral vector (such as a
gamma-retroviral vector, pMSCV-SFFVY); and/or by a CRISPR system.

13. The modified NK cell of claim 1 or 2, wherein the modified NK cell 1s in
a cell population, a cell culture or a product.

14. The modified NK cell of claim 1 or 2 having one or more of the following
characteristics as compared to a NK cell without impairing the functional
expression of one or more of TIGIT, NKGZA and CISH:

{a) the functional expression of one or more of TIGIT, NKG2A and CISH 1s
reduced or eluminated;

{b) the in virre and/or in vivo cell expansion 1s mereased,

(¢} the in virro and/or in vive cell Tife time 1s prolonged;

{d) the in vivo cell depletion is tmproved;

{e) the cytotoxicity of the NK cell to target cell 1s improved; and/or

{f) the secretion of cytokines, interleukins and/or growth factors are
regulated by the NK cell.

15, A method for preparing the modified NK cell of any one of claims 1-14
comprising the steps oft (i) providing NK cells; (i) modifying the NK cells to
impatr the functional expression of one or more of TIGIT, NKG2A and CISH, (111}
optionally modifying the NK cells to make them comprise a chimeric antigen
receptor (CAR); and (1v) optionally, expanding the modified cells.

16. The method of clamm 15, wherein step (1) 1s carried out prior {9,
simudtancounsly with, or after step (111); and/or step (1v) 15 carned out prior to or
after one or more of steps (1)-(11).

17. Use of the modified NK cell of any one of claums 1-14, i the preparation
of a product for treating disease,

18. A method for treating diseases in a subject 1 need thereof comprising

admmistering an effective amount of the modified NK cell of any one of claims
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i-14.

19. The modified NK cell of any one of claims 1-14 for ase in the treatment
of disease.

20, The use of claim 17, or the method of claum 18, or the modified NK cell
for use in the treatment of disease of claum 19, wherein the treatment is an
adoptive cellular therapy, preferably a CAR-NK adoptive cellular therapy.

21. The use of ¢laim 17, or the method of claim 18, or the modified NK ¢ell
for use in the ireatment of disease of claim 19, wherein the disease is selected
from cancer, auntoummune disecase, wnfectious disease, transplant rejection and
other age-related disease.

22. The use of claim 17, or the method of claim 18, or the modified NK cell
for use in the treatment of disease of claim 19, wherein the disease 15 selected
from the group consisting of carcinoma, sarcoma, melanoma, lymphoma, and
teukemia; and/or a cancer selected from a cancer of hematologic system,
tymphatic system, digestive system, respiratory system, reproductive system,
motor system and nervous systen.

23. The use of claum 17, or the method of claim 18, or the modified NK c¢ell
for use i the {reatment of disease of clamm 19, wherein the disease 15 selected

from the group consisting of atherosis, diabetes, hepatofibrosis and ostarthritis,

34



PCT/CN2022/093747

WO 2022/242700

Laus)
S :
~ =
&
4
ol -«
i) “
el
&

&

Daonor

14

Y

Dong

S

S
X

D

L0
A

oy
o]
N
=z
b
8
3004
7- ko]
3 1
5
Yoo

Tron NS,

%
EE
%

%
4
z
e

NA-b

38R

S eaenend

ey

&=

32

A4

gRN

TIGIT

Figure 2

1/7



WO 2022/242700 PCT/CN2022/093747

SeRNA-11

W a
Faam

MNKG2A

1y 32RNA sERNA-12 SEENA-13

B R
WREN W
Rl

2 5
& %

w

28
3wt 3 * ¥ 4 3 2
R B & i B RS B

RO AT T

Figure 3

2/7



WO 2022/242700 PCT/CN2022/093747

no SERNA seRNA-3F and ¢gHWA-18

i

TIGIT

Figore 4

CISH sghite

>

CTE (25 B

18 CIEH

GAPERS L3S KE)

15 EAFON

Figure 5

HLAE

Figore 6

3/7



WO 2022/242700

Momariized cell number (Fold)

g8.8

PCT/CN2022/093747

|
|

HT 080
Expanded NiKHHTI080
T KQ+HT1080

IR EREE

Body Weighy (g}

Days sfter treatmeant

Figure 8

4/7

N N T T S L A S S N 4
Reaction Hime (hours}
Figure 7
e ko
1600 B Yehicke-BR3
=@ Upmodified NK -
& § o~ MK with NKGIAJCISHRO o
£ st MK with TIGIT/CISH RO 1,
@ & e
£
= 500
2
5
T
o
£ d
]
P‘-‘ =
§\\u&w¥\§’\\\“\\;\§
s T ————
P 7 14 21 28
+ % %
Bays after treatment
32
. @ Vehicle-PES
~8  Unmodified KK
§ S NK with BKGEA/DISH KO
&M S S NK with THIIT/CISH KD
b \\\‘&a“
ST T Sr— gy R grogregegmgegey .
3 ¥ i4q 21 28
g 8 8



WO 2022/242700 PCT/CN2022/093747

A
Donor ¥ CD19-CAR mCD1S-CAR
:c-:-.\é
5 S —
D19
B
Bonor Z CD19-CAR m{CD19-CAR

ot pe deaccsieresesiocrsec bersne]

Figure 9
A
Donor Y CD19-CAR mCD19-CAR
TIGIT
B
Donor Z CD19-CAR mCD19-CAR

Figure 18

57



PCT/CN2022/093747

WO 2022/242700

SH {29kd)

!

C

2
(22}
™~
Mo
T
]
!

iB: CISH

1B: CISH

{42kd

8-Actin

—~——
=
e
~
=
=
Road
[
hhy
[

iB: B-Actin

iB: B-Actin

CO19-CaHE MY
W iS-CAR K
CEITROAR M

TS AR WK

e ks
A i
e - o
\,wo. » [+
180 5
o
[ 3
- Ll

o g TS, i "3
P : R <., A ... e

« A I b
o i Lo k@ o]
2 v B

—H‘\E\E

N AR, «
S “t, il s
“ ¢ R

W
R ) ) ) T T T T L 1
{73 one] Gusing £ & & & & =

“t @ %) o By

6/7



PCT/CN2022/093747

WO 2022/242700

CES-TST NI
BNl mCis-OAN R

Wl Uons £
CRISCAR MK

Wl Conor 2
&
Do 2

YIS
7 -,

%

ansa

Wiy <, $
! A

ik

T T T
T T = = bt b o =
kil

= < = =

o

% % : z

=
(%) oney Sumy - B e e o
7y < o i
ot 0 o g ol
fal 3 =
% = = E % =
% 1) Eo . 2 G Y
R 25| @ g e .w_v s g
L = Z2 g L2
1 B & ipe -
BEA s,
i A, 4 Z -,
P -, LN
W e CATFTP I ATS, R -,
R \#« : R0 4 %
- -0 ., v £ & % £ <
E ® 8 & 7 ° o ~ - & Sy
t) orpeyg Bt U} e ey Fputu) susmb ey

717



INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2022/093747

A.

CLASSIFICATION OF SUBJECT MATTER

C12N 5/0783(2010.01)i; CI12N 5/10(2006.01)i; A61K 35/17(2015.01)i; A61P 35/00(2006.01)i

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

B.

FIELDS SEARCHED

CI2N; A61K; A61P

Minimum documentation searched (classification system followed by classification symbols)

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

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

DATABASES:CNTXT,WPABSC,ENTXT,OETXT,CNKILPubMed,ISI WEB OF SCIENCE,DDBJ+EMBL+GENBANK,
Chinese Patent Biological Sequence Retrieval System; SEARCH TERMS: NK,TIGIT,NKG2A,CISH,CAR,sequence search on

the sequence of SEQ ID NOs: 1-24,

C.

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X

WO 2020168300 Al (EDITAS MEDICINE INC) 20 August 2020 (2020-08-20)
see claims 1-2, 10-13 and 22-23, examples 11-12

1-17 and 19-23

X

WO 2020113029 A2 (UNLV TEXAS) 04 June 2020 (2020-06-04)
see example 1, claims 1-3, 16, 33, 36-39, 44-49, 85-90, paragraphs 145-149

1-17 and 19-23

see claims 1-6 and 14, paragraph 44

WO 2020247392 A1 (NKARTA INC) 10 December 2020 (2020-12-10)

1-17 and 19-23

see the abstract

Huang Zhu et al. "Metabolic Reprograming via Deletion of CISH in Human iPSC-Derived NK
Cells Promotes In Vivo Persistence and Enhances Anti-tumor Activity”
Cell Stem Cell, Vol. 27, 06 August 2020 (2020-08-06),

1-17 and 19-23

the power of innate immunity"”

see page 221

Hind Rafei et al. "Chimeric antigen receptor (CAR) natural killer (NK)-cell therapy: leveraging|

Br J Haematol, Vol. 193, No. 2, 20 November 2020 (2020-11-20),

1-17 and 19-23

Further documents are listed in the continuation of Box C.

See patent family annex.

Special categories of cited documents:

document defining the general state of the art which is not considered
to be of particular relevance

earlier application or patent but published on or after the international
filing date

document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

document referring to an oral disclosure, use, exhibition or other
means

> document published prior to the international filing date but later than
the priority date claimed

wr

D&

later document published after the international filing date or priority
date and not in conflict with the application but cited to understand the
principle or theory underlying the invention

document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive step
when the document is taken alone

> document of particular relevance; the claimed invention cannot be

considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

document member of the same patent family

Date of the actual completion of the international search

Date of mailing of the international search report

100088, China

Facsimile No. (86-10)62019451

03 August 2022 24 August 2022
Name and mailing address of the ISA/CN Authorized officer
National Intellectual Property Administration, PRC
6, Xitucheng Rd., Jimen Bridge, Haidian District, Beijing SHA O,Xugian

Telephone No. 010-62411298

Form PCT/ISA/210 (second sheet) (January 2015)
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C. DOCUMENTS CONSIDERED TO BE RELEVANT

see claims 1, 79-82, 141 and 147, sequence listing

Category™ Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
A Guozhu Xie et al. "CAR-NK cells: A promising cellular immunotherapy for cancer” 1-17 and 19-23
EBioMedicine., Vol. 59, 24 August 2020 (2020-08-24),
see the abstract
X CN 112040987 A (KSQ THERAPEUTICS INC.) 04 December 2020 (2020-12-04) 1-17 and 19-23

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




INTERNATIONAL SEARCH REPORT

International application No.

PCT/CN2022/093747

Box No. I Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)

With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was
carried out on the basis of a sequence listing:

a. forming part of the international application as filed:
in the form of an Annex C/ST.25 text file.

D on paper or in the form of an image file.

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search

only in the form of an Annex C/ST.25 text file.

c. D furnished subsequent to the international filing date for the purposes of international search only:
D in the form of an Annex C/ST.25 text file (Rule 13zer.1(a)).
D on paper or in the form of an image file (Rule 13zer.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required

statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Box No. I1 Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

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

1. Claims Nos.: 18

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

[1] The subject matter of claims 18 relates to a treatment method of the human or animal body, and
therefore, according to the criteria set out in Rule 39.1(iv), relates to subject matter for which an
international search is not required.

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

3. D Claims Nos.:
because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Form PCT/ISA/210 (continuation of first sheet) (January 2015)
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Information on patent family members

PCT/CN2022/093747
. Patf‘/nt document Publication date Patent family member(s) Publication date
cited in search report (day/month/year) (day/month/year)
WO 2020168300 Al 20 August 2020 AU 2020221409 Al 02 September 2021
KR 20210129105 A 27 October 2021
SG  11202108644U A 29 September 2021
us 2022143084 Al 12 May 2022
JP 2022520402 A 30 March 2022
PE 20211959 Al 30 September 2021
EP 3924467 Al 22 December 2021
IL 285543 A 30 September 2021
CL 2021002147 Al 22 April 2022
CA 3128888 Al 20 August 2020
CN 113518821 A 19 October 2021
WO 2020113029 A2 04 June 2020 IL 283428 A 29 July 2021
JP 2022513652 A 09 February 2022
BR 112021010297 A2 24 August 2021
us 2022031749 Al 03 February 2022
CA 3121027 Al 04 June 2020
KR 20210096638 A 05 August 2021
EA 202191463 Al 13 October 2021
AU 2019386140 Al 24 June 2021
EP 3887518 A2 06 October 2021
SG  11202105609R A 29 June 2021
CN 113272427 A 17 August 2021
WO 2020247392 Al 10 December 2020 CN 114174325 A 11 March 2022
CA 3140393 Al 10 December 2020
EP 3980450 Al 13 April 2022
AU 2020288829 Al 02 December 2021
CN 112040987 A 04 December 2020 WO 2019178421 Al 19 September 2019
JP 2021518161 A 02 August 2021
AU 2019236204 Al 08 October 2020
KR 20200130826 A 20 November 2020
CA 3093919 Al 19 September 2019

Form PCT/ISA/210 (patent family annex) (January 2015)
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