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DESCRIPTION

Intfroduction

[0001] The present invention relates to the modification of natural killer (NK) cells and NK cell
lines to produce derivatives thereof with a more cytotoxic phenotype. Furthermore, the present
iInvention relates to methods of producing modified NK cells and NK cell lines, compositions
containing the cells and cell lines and uses of said compositions In the treatment of cancer.

Background to the Invention

[0002] Typically, immune cells require a target cell to present antigen via major
histocompatibility complex (MHC) before triggering an immune response resulting in the death
of the target cell. This allows cancer cells not presenting MHC class | to evade the majority of
Immune responses.

[0003] NK cells are able, however, to recognize cancer cells in the absence of MHC class |
expression. Hence they perform a critical role in the body's defence against cancer.

[0004] On the other hand, in certain circumstances, cancer cells demonstrate an ability to
dampen the cytotoxic activity of NK cells, through expression of ligands that bind inhibitory
receptors on the NK cell membrane. Resistance to cancer can involve a balance between
these and other factors.

[0005] Cytotoxicity, in this context, refers to the ability of immune effector cells, e.g. NK cells, to
Induce cancer cell death, e.g. by releasing cytolytic compounds or by binding receptors on
cancer cell membranes and inducing apoptosis of said cancer cells. Cytotoxicity is affected not
only by signals that induce release of cytolytic compounds but also by signals that inhibit their
release. An increase In cytotoxicity will therefore lead to more efficient killing of cancer cells,
with less chance of the cancer cell dampening the cytotoxic activity of the NK, as mentioned
above.

[0006] Genetic modification to remove Inhibitory receptor function on NK cells has been
suggested as a method for increasing the cytotoxicity of NK cells against cancer cells that lack
MHC class | expression but are able to dampen NK cytotoxicity (Bodduluru et al. 2012).
NKG2A has been established as an inhibitory receptor worth silencing under these
circumstances, as certain cancer cells are known to express MICA which binds NKG2A and
INhibits NK cell cytotoxicity in the absence of MHC class | expression (Shook et al. 2011; WO
2006/0231438).

[0007] Another method of downregulating NKG2A expression has been shown in NK-92 cells,
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In which transfection with a gene encoding IL-15 was shown to be associated with a reduction
IN NKG2A expression (Zhang et al. 2004). However, despite an observed increase In the
cytotoxicity of the NK cells, the increase was likely a result of a concomitant increase In
expression of the activating receptor NKG2D. This 1s supported by the observation that
blocking NKG2A receptors on NK-92 cells was not associated with an increase in cytotoxicity
against multiple myeloma cells (Heidenreich et al. 2012). Nevertheless, it is worth noting that
the NK-92 cell line is a highly cytotoxic cell line with very low expression of inhibitory receptors.
Therefore, any Increase In cytotoxicity associated with decreased NKG2A expression might
have been too trivial to detect.

[0008] Similar studies have been carried out In mice. For example, mice express a receptor
called Ly49 on NK cells, which is analogous to human inhibitory KIR receptors. It has been
shown that by blocking the Ly49 receptor with antibody fragments, NK cells are more cytotoxic
and capable of killing murine leukemia cells in vitro and in vivo (Koh et al. 2001).

[0009] It 1Is a consequence of reducing inhibitory receptor function, however, that 'normal’ cells
In the body also become more susceptible to attack by modified NK cells, as the modified NK
cells become less capable of distinguishing between 'normal’ cells and cancer cells. This Is a
significant disadvantage of reducing 'classical’ inhibitory receptor function.

[0010] Another way In which NK cells are known to kill cancer cells is by expressing TRAIL on
their surface. TRAIL ligand is able to bind TRAIL receptors on cancer cells and induce
apoptosis of said cancer cells. One speculative approach describes overexpressing TRAIL on
NK cells, In order to take advantage of this anti-cancer mechanism (EP1621550). Furthermore,
IL-12 has been reported to upregulate TRAIL expression on NK cells (Smyth et al. 2001).
Albelt, NK cells themselves express TRAIL receptors and are thus a potential target for TRAIL-
mediated Kkilling (Mirandola et al. 2004). Nevertheless, cancer cells have developed evasive
and protective mechanisms for dealing with NK cells expressing TRAIL. Decoy TRAIL
receptors are often expressed on cancer cell membranes, and binding of TRAIL to these
decoy receptors is unable to induce apoptosis; methods of overcoming such mechanisms have
not yet been pursued.

[0011] Acute myeloid leukemia (AML) Is a hematopoietic malignancy involving precursor cells
committed to myeloid development, and accounts for a significant proportion of acute
leukemias In both adults (90%) and children (15-20%) (Hurwitz, Mounce et al. 19995;
Lowenberg, Downing et al. 1999). Despite 80% of patients achieving remission with standard
chemotherapy (Hurwitz, Mounce et al. 1995; Ribeiro, Razzouk et al. 2005), survival remains
unsatisfactory because of high relapse rates from minimal residual disease (MRD). The five-
year survival Is age-dependent; 60% in children (Rubnitz 2012), 40% In adults under 65
(Lowenberg, Downing et al. 1999) and 10% In adults over 65 (Ferrara and Schiffer 2013).
These outcomes can be improved If patients have a suitable hematopoietic cell donor, but
many do not, highlighting the need for an alternative approach to treatment.

[0012] Natural killer (NK) cells are cytotoxic lymphocytes, with distinct phenotypes and effector
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functions that differ from e.g. natural killer T (NK-T) cells. For example, while NK-T cells
express both CD3 and T cell antigen receptors (TCRs), NK cells do not. NK cells are generally
found to express the markers CD16 and CD56, wherein CD16 functions as an Fc receptor and
mediates antibody dependent cell-mediated cytotoxicity (ADCC) which i1s discussed below.
KHYG-1 Is a notable exception In this regard. Despite NK cells being naturally cytotoxic, NK cell
ines with Iincreased cytotoxicity have been developed. NK-92 and KHYG-1 represent two NK
cell lines that have been researched extensively and show promise In cancer therapeutics
(Swift et al. 2011; Swift et al. 2012).

[0013] Adoptive cellular immunotherapy for use In cancer treatment commonly involves
administration of natural and modified T cells to a patient. T cells can be modified Iin various
ways, e.g. genetically, so as to express receptors and/or ligands that bind specifically to certain
target cancer cells. Transfection of T cells with high-affinity T cell receptors (TCRs) and
chimeric antigen receptors (CARs), specific for cancer cell antigens, can give rise to highly
reactive cancer-specific T cell responses. A major limitation of this immunotherapeutic
approach i1s that T cells must either be obtained from the patient for autologous ex vivo
expansion or MHC-matched T cells must be used to avoild immunological eradication
iImmediately following transfer of the cells to the patient or, In some cases, the onset of graft-
vs-host disease (GVHD). Additionally, successfully transferred T cells often survive for
prolonged periods of time In the circulation, making it difficult to control persistent side-effects
resulting from treatment.

[0014] In haplotype transplantation, the graft-versus-leukemia effect is believed to be mediated
by NK cells when there I1s a KIR Inhibitory receptor-ligand mismatch, which can lead to
Improved survival in the treatment of AML (Ruggeri, Capanni et al. 2002; Ruggeri, Mancusi et
al. 2005). Furthermore, rapid NK recovery Is associated with better outcome and a stronger
graft-vs-leukemia (GVL) effect in patients undergoing haplotype T-depleted hematopoietic cell
transplantation (HCT) in AML (Savani, Mielke et al. 2007). Other trials have used haploidentical
NK cells expanded ex vivo to treat AML Iin adults (Miller, Soignier et al. 2005) and children
(Rubnitz, Inaba et al. 2010).

[0015] Several permanent NK cell lines have been established, and the most notable 1s NK-92,
derived from a patient with non-Hodgkin's lymphoma expressing typical NK cell markers, with
the exception of CD16 (Fc gamma receptor lll). NK-92 has undergone extensive preclinical
testing and exhibits superior lysis against a broad range of tumours compared with activated
NK cells and lymphokine-activated killer (LAK) cells (Gong, Maki et al. 1994). Cytotoxicity of
NK-92 cells against primary AML has been established (Yan, Steinherz et al. 1998).

[0016] Another NK cell line, KHYG-1, has been identified as a potential contender for clinical
use (Suck et al. 2005) but has reduced cytotoxicity so has received less attention than NK-92.
KRYG-1 cells are known to be pre-activated. Unlike endogenous NK cells, KHYG-1 cells are
polarized at all times, increasing their cytotoxicity and making them quicker to respond to
external stimuli. NK-92 cells have a higher baseline cytotoxicity than KHYG-1 cells.
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[0017] It 1s therefore clear that current adoptive immunotherapy protocols are affected by
donor variabllity in the quantity and quality of effector cells, variables that could be eliminated if
effective cell lines were available to provide more standardized therapy.

[0018] A considerable amount of research into NK cell cytotoxicity has been performed using
mouse models. One example I1s the finding that perforin and granzyme B mMmRNA are
constitutively transcribed in mouse NK cells, but minimal levels of protein are detected until
stimulation or activation of the NK cells (Fehniger et al, 2007). Although this work and other
work using mouse NK cells is of interest, it cannot be relied upon as conclusive evidence for
NK cell cytotoxicity in humans. In contrast to the above example, human NK cells express high
levels of perforin and granzyme B protein prior to stimulation (Leong et al, 2011). The result
being that when either mouse or human NK cells are freshly isolated in culture, the mouse NK
cells have weak cytolytic activity, whereas the human NK cells exhibit strong cytolytic
capabillities.

[0019] Mouse and human NK cells also vary greatly in their expression markers, signalling
cascades and tissue distribution. For example, CD56 Is used as a marker for human NK cells,
whereas mouse NK cells do not express this marker at all. Furthermore, a well-established
mechanism for regulating NK cell cytotoxicity is via ligand binding NK activation and inhibitory
receptors. Two of the most prominent human NK activation receptors are known to be NKp30
and NKp44, neither of which are expressed on mouse NK cells. With regards to NK inhibitory
receptors, whilst human NK cells express KIRs that recognise MHC class | and dampen
cytotoxic activity, mouse NK cells do not express KIRs at all but, instead, express Ly49s
(Trowsdale et al, 2001). All in all, despite mouse NK cells achieving the same function as
human NK cells in their natural physiological environment, the mechanisms that fulfil this role
vary significantly between species.

[0020] Thus there exists a need for alternative and preferably improved human NK cells and
human NK cell lines, e.g. with a more cytotoxic profile.

[0021] An object of the Iinvention is to provide NK cells and NK cell lines with a more cytotoxic
phenotype. A further object i1s to provide methods for producing modified NK cells and NK cell
ines, compositions containing the cells or cell lines and uses of said compositions In the
treatment of cancers. More particular embodiments aim to provide treatments for identified
cancers, e.g. blood cancers, such as leukemias. Specific embodiments aim at combining two
or more modifications of NK cells and NK cell lines to further enhance the cytotoxicity of the
modified cells.

Summary of the Invention

[0022] There are provided herein modified NK cells and NK cell lines with a more cytotoxic
phenotype, and methods of making the cells and cell lines. Also provided are compositions of
modified NK cells and NK cell lines, and uses of said compositions for treating cancer.
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[0023] The Invention provides a human natural killer (NK) cell or NK cell line that has been

modified to express a TRAIL variant, wherein the TRAIL variant has at least a 25% Increase In
affinity for DR4, relative to wildtype TRAIL.

[0024] Furthermore, the invention provides a human natural killer (NK) cell or NK cell line for
use In treating cancer, wherein the NK cell or NK cell line has been modified to express a
TRAIL variant with at least a 25% increase In affinity for DR4, relative to wildtype TRAIL

[0025] Furthermore, compositions of the invention include NK cells and NK cell lines in which
two or more modifications are provided, wherein multiple modifications further enhance the
cytotoxic activity of the composition.

[0026] According to the disclosure, there are further provided methods of treating cancer, e.g.
blood cancer, using modified NK cell lines, e.g. derivatives of KHYG-1 cells, wherein the

modified NK cell lines are engineered to lack expression of checkpoint inhibitory receptors,
express TRAIL ligand variants and/or express CARs and/or Fc receptors.

[0027] Diseases particularly treatable according to the Invention include cancers, blood
cancers, leukemias and specifically acute myeloid leukemia. Tumours and cancers in humans
In particular can be treated. References to tumours herein include references to neoplasms.

Details of the Invention

[0028] Accordingly, the present disclosure provides a natural killer (NK) cell or NK cell line that
has been genetically modified to increase its cytotoxicity.

[0029] As described In detall below In examples, NK cells and NK cell lines have been
genetically modified so as to increase their cytotoxic activity against cancer.

[0030] Together, the NK cells and NK cell lines of the invention will be referred to as the NK
cells (unless the context requires otherwise).

[0031] In certain embodiments of the invention NK cells are provided having, In addition,
reduced or absent checkpoint inhibitory receptor function. Thus in examples below, NK cells
are produced that have one or more checkpoint inhibitory receptor genes knocked out.
Preferably, these receptors are specific checkpoint inhibitory receptors. Preferably still, these
checkpoint inhibitory receptors are one or more or all of CD96 (TACTILE), CD152 (CTLA4),
CD223 (LAG-3), CD279 (PD-1), CD328 (SIGLEC7Y), SIGLEC9, TIGIT and/or TIM-3.

[0032] In other embodiments, NK cells are provided in which additionally one or more inhibitory

receptor signaling pathways are knocked out or exhibit reduced function - the result again
being reduced or absent inhibitory receptor function. For example, signaling pathways
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mediated by SHP-1, SHP-2 and/or SHIP are knocked out by genetic modification of the cells.

[0033] The resulting NK cells exhibit improved cytotoxicity and are of greater use therefore In
cancer therapy, especially blood cancer therapy, In particular treatment of leukemias and
multiple myeloma.

[0034] In an embodiment, the genetic modification occurs before the cell has differentiated into
an NK cell. For example, pluripotent stem cells (e.g. IPSCs) can be genetically modified to lose

the capacity to express one or more checkpoint inhibitory receptors. The modified IPSCs are
then differentiated to produce genetically modified NK cells with increased cytotoxicity.

[0035] It Is preferred to reduce function of checkpoint inhibitory receptors over other inhibitory
receptors, due to the expression of the former following NK cell activation. The normal or
‘classical’ inhibitory receptors, such as the majority of the KIR family, NKG2A and LIR-2, bind
MHC class | and are therefore primarily involved in reducing the problem of self-targeting.
Preferably, therefore, checkpoint inhibitory receptors are knocked out. Reduced or absent
function of these receptors according to the invention prevents cancer cells from suppressing
iImmune effector function (which might otherwise occur If the receptors were fully functional).
Thus a key advantage of these embodiments of the invention lies in NK cells that are less
susceptible to suppression of their cytotoxic activities by cancer cells; as a result they are
useful In cancer treatment.

[0036] As used herein, references to Inhibitory receptors generally refer to a receptor
expressed on the plasma membrane of an immune effector cell, e.g. a NK cell, whereupon
binding its complementary ligand resulting intracellular signals are responsible for reducing the
cytotoxicity of said immune effector cell. These inhibitory receptors are expressed during both
resting’ and 'activated’ states of the immune effector cell and are often associated with
providing the immune system with a 'self-tolerance’ mechanism that inhibits cytotoxic
responses against cells and tissues of the body. An example is the inhibitory receptor family

'KIR" which are expressed on NK cells and recognize MHC class | expressed on healthy cells of
the body.

[0037] Also as used herein, checkpoint inhibitory receptors are usually regarded as a subset of
the inhibitory receptors above. Unlike other inhibitory receptors, however, checkpoint inhibitory
receptors are expressed at higher levels during prolonged activation and cytotoxicity of an
iImmune effector cell, e.g. a NK cell. This phenomenon i1s useful for dampening chronic
cytotoxicity at, for example, sites of inflammation. Examples include the checkpoint inhibitory
receptors PD-1, CTLA-4 and CD96, all of which are expressed on NK cells.

[0038] The invention hence also provides a NK cell that is additionally modified to be lacking a
gene encoding a checkpoint inhibitory receptor selected from CD96 (TACTILE), CD152
(CTLA4), CD223 (LAG-3), CD279 (PD-1), CD328 (SIGLECY), SIGLEC9, TIGIT and TIM-3.

[0039] A NK cell lacking a gene can refer to either a full or partial deletion, mutation or
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otherwise that results in no functional gene product being expressed. In embodiments, the NK
cell lacks genes encoding two or more of the inhibitory receptors.

[0040] More specific embodiments comprise a NK cell lacking a gene encoding a checkpoint
Inhibitory receptor selected from CD96 (TACTILE), CD152 (CTLA4) and CD279 (PD-1).
Preferred embodiments comprise a NK cell being a derivative of KHYG-1.

[0041] In examples described below, the inventors have reliably shown the cytotoxic effects of
using siIRNA to knock down expression of the checkpoint inhibitory receptor CD96 iIn KHYG-1
cells. CD96 knockdown (KD) KHYG-1 cells demonstrated enhanced cytotoxicity against
leukemia cells at a variety of effector:target (E:T) ratios.

[0042] As further described In examples below, cytotoxicity-enhancing modifications of NK cells
hence also Include increased expression of both TRAIL ligand and/or mutated TRAIL ligand
variants.

[0043] The resulting NK cells exhibit increased binding to TRAIL receptors and, as a result,
Increased cytotoxicity against cancers, especially blood cancers, In particular leukemias.

[0044] The mutants / variants preferably have lower affinity (or in effect no affinity) for 'decoy’
receptors, compared with the binding of wild type TRAIL to decoy receptors. Such decoy
receptors represent a class of TRAIL receptors that bind TRAIL ligand but do not have the
capacity to Initiate cell death and, in some cases, act to antagonize the death signaling
pathway. Mutant / variant TRAIL ligands may be prepared according to WO 2009/077857.

[0045] The mutants / variants may separately have increased affinity for TRAIL receptors, e.g.
DR4 and DRS. Wildtype TRAIL 1s typically known to have a Kp of >2 nM for DR4, >5 nM for

DRS and >20 nM for the decoy receptor DcR1 (WO 2009/077857; measured by surface
plasmon resonance), or around 50 to 100 nM for DR4, 1 to 10 nM for DRS and 175 to 225 nM
for DcR1 (Truneh, A. et al. 2000; measured by isothermal titration calorimetry and ELISA).
Therefore, an Iincreased affinity for DR4 is suitably defined as a Kp of <2 nM or <50 nM,

respectively, whereas an increased affinity for DRS Is suitably defined as a Kp of <5 nM or <1
nM, respectively. A reduced affinity for decoy receptor DcR1 Is suitably defined as a Kp of >50

nM or >225 nM, respectively. In any case, an increase or decrease In affinity exhibited by the
TRAIL variant/mutant is relative to a baseline affinity exhibited by wildtype TRAIL. The affinity i1s

preferably increased at least 10%, more preferably at least 25%, compared with that exhibited
by wildtype TRAIL.

[0046] The TRAIL variant preferably has an increased affinity for DRS as compared with its
affinity for DR4, DcR1 and DcR2. Preferably, the affinity is at least 1.5-fold, 2-fold, 5-fold, 10-
fold, 100-fold, or even 1,000-fold or greater for DR5 than for one or more of DR4, DcR1 and
DcR2. More preferably, the affinity is at least 1.5-fold, 2-fold, 5-fold, 10-fold, 100-fold, or even
1,000-fold or greater for DR5 than for at least two, and preferably all, of DR4, DcR1 and DcR2.
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[0047] A key advantage of these embodiments of the invention lies in NK cells that have
greater potency in killing cancer cells.

[0048] Further specific embodiments comprise a NK cell expressing a mutant TRAIL ligand
that has reduced or no affinity for TRAIL decoy receptors. Preferably, this NK cell is a derivative
of KHYG-1. Further specific embodiments comprise a NK cell expressing a mutant TRAIL

ligand that has reduced or no affinity for TRAIL decoy receptors and increased affinity for DR4
and/or DRS.

[0049] In examples of the Invention, described in more detall below, NK cells were genetically
modified to express a mutant TRAIL. Modifled KHYG-1 cells expressed mutant TRAIL, and NK-
92 expressed a mutant TRAIL. The modified KHYG-1 cells exhibited improved cytotoxicity
against cancer cell lines in vitro. KHYG-1 cells express TRAIL receptors (e.g. DR4 and DRJ),
but at low levels. Other preferred embodiments of the modified NK cells express no or
substantially no TRAIL receptors, or do so only at a low level - sufficiently low that viability of
the modified NK cells is not adversely affected by expression of the mutant TRAIL.

[0050] In an optional embodiment, treatment of a cancer using modified NK cells expressing
TRAIL or a TRAIL variant 1s enhanced by administering to a patient an agent capable of
upregulating expression of TRAIL death receptors on cancer cells. This agent may be
administered prior to, in combination with or subsequently to administration of the modified NK
cells. It 1s preferable, however, that the agent is administered prior to administering the
modified NK cells.

[0051] In a preferred embodiment the agent upregulates expression of DR5 on cancer cells.
The agent may optionally be a chemotherapeutic medication, e.g. Bortezomib, and
administered in a low dose capable of upregulating DRS expression on the cancer.

[0052] The Invention Is not Iimited to any particular agents capable of upregulating DRS
expression, but examples of DRS-inducing agents include Bortezomib, Gefitinib,
Piperlongumine, Doxorubicin, Alpha-tocopheryl succinate and HDAC inhibitors.

[0053] According to a preferred embodiment of the invention, the mutant / variant TRAIL ligand
IS linked to one or more NK cell costimulatory domains, e.g. 41BB/ CD137, CD3zeta / CD247,
DAP12 or DAP10. Binding of the variant to its receptor on a target cell thus promotes apoptotic
signals within the target cell, as well as stimulating cytotoxic signals in the NK cell.

[0054] According to further preferred embodiments of the invention, NK cells are provided that
both have reduced checkpoint inhibitory receptor function and also express a mutant TRAIL
ligand, as described Iin more detaill above In relation to these respective NK cell modifications.
In even more preferred embodiments, a NK cell expressing a mutant TRAIL ligand that has
reduced or no affinity for TRAIL decoy receptors and may be a derivative of KHYG-1, further
lacks a gene encoding a checkpoint inhibitory receptor selected from CD96 (TACTILE), CD152
(CTLA4), CD223 (LAG-3), CD279 (PD-1), CD328 (SIGLECY), SIGLEC9, TIGIT and TIM-3.
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[0055] The present disclosure also provides NK cells and NK cell lines, preferably KHYG-1
cells and derivatives thereof, modified to express one or more CARS.

[0056] Suitably for cancer therapy uses, the CARs specifically bind to one or more ligands on
cancer cells, e.g. CS1 (SLAMF7) on myeloma cells. For use In treating specific cancers, e.g.
multiple myeloma, the CAR may bind CD38. For example, the CAR may include the binding
properties of e.g. variable regions derived from, similar to, or identical with those from the
known monoclonal antibody daratumumab. Such NK cells may be used In cancer therapy In
combination with an agent that inhibits angiogenesis, e.g. lenalidomide. For use In therapy of
cancers, especially leukemias and AML In particular, the CAR may bind to CLL-1.

[0067] The CAR-NKs may be bispecific, wherein their affinity is for two distinct ligands /
antigens. Bispecific CAR-NKs can be used either for increasing the number of potential binding
sites on cancer cells or, alternatively, for localizing cancer cells to other immune effector cells
which express ligands specific to the NK-CAR. For use in cancer therapy, a bispecific CAR may
bind to a target tumour cell and to an effector cell, e.g. a T cell, NK cell or macrophage. Thus,
for example, In the case of multiple myeloma, a bispecific CAR may bind a T cell antigen (e.g.
CD3, etc.) and a tumour cell marker (e.g. CD38, etc.). A bispecific CAR may alternatively bind
to two separate tumour cell markers, increasing the overall binding affinity of the NK cell for the
target tumour cell. This may reduce the risk of cancer cells developing resistance by
downregulating one of the target antigens. An example in this case, in multiple myeloma, would
be a CAR binding to both CD38 and CS-1/SLAMF7. Another tumour cell marker suitably
targeted by the CAR Is a "don't eat me" type marker on tumours, exemplified by CD47.

[0058] Optional features of the invention include providing further modifications to the NK cells
and NK cell lines described above, wherein, for example, a Fc receptor (which can be CD16,
CD32 or CD64, including subtypes and derivatives) is expressed on the surface of the cell. In
use, these cells can show increased recognition of antibody-coated cancer cells and improve
activation of the cytotoxic response.

[0059] Further optional features of the invention include adapting the modified NK cells and NK
cell lines to better home to specific target regions of the body. NK cells of the invention may be
targeted to specific cancer cell locations. In preferred embodiments for treatment of blood
cancers, NK effectors of the invention are adapted to home to bone marrow. Specific NK cells
are modified by fucosylation and/or sialylation to home to bone marrow. This may be achieved
by genetically modifying the NK cells to express the appropriate fucosyltransferase and/or
sialyltransferase, respectively. Increased homing of NK effector cells to tumour sites may also
be made possible by disruption of the tumour vasculature, e.g. by metronomic chemotherapy,

or by using drugs targeting angiogenesis (Melero et al, 2014) to normalize NK cell infiltration
via cancer blood vessels.

[0060] Yet another optional feature of the invention is to provide modified NK cells and NK cell
lines with an increased Intrinsic capacity for rapid growth and proliferation in culture. This can
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be achieved, for example, by transfecting the cells to overexpress growth-inducing cytokines
IL-2 and |L-15. Moreover, this optional alteration provides a cost-effective alternative to
replenishing the growth medium with cytokines on a continuous basis.

[0061] The invention further provides a method of making the modified NK cell or NK cell line,
comprising genetically modifying the cell or cell line as described herein so as to increase its
cytotoxicity. This genetic modification can be a stable knockout of a gene, e.g. by CRISPR, or a
transient knockdown of a gene, e.g. by siRNA.

[0062] In a preferred embodiment, a stable genetic modification technique Is used, e.qg.

CRISPR, In order to provide a new NK cell line with increased cytotoxicity, e.g. a derivative of
KHYG-1 cells.

[0063] In embodiments, the method is for making a NK cell or NK cell line that has been
modified so as to reduce inhibitory receptor function. Preferably, these inhibitory receptors are
checkpoint inhibitory receptors.

[0064] More specific embodiments comprise a method for making a NK cell or NK cell line with

reduced inhibitory receptor function, wherein the checkpoint inhibitory receptors are selected
from CD96 (TACTILE), CD152 (CTLA4), CD223 (LAG-3), CD279 (PD-1), CD328 (SIGLECY),
SIGLECY, TIGIT and TIM-3.

[0065] In preferred embodiments, the method comprises modifying the NK cells to reduce
function of two or more of the inhibitory receptors.

[0066] The Iinvention still further provides a method of making the modified NK cell or NK cell

ine comprising genetically modifying the cell or cell line to express TRAIL ligand or mutant
TRAIL (variant) ligand.

[0067] In embodiments, the method comprises modifying a NK cell or NK cell line to express
mutant TRAIL ligand that has an increased affinity for TRAIL receptors. Preferably, the TRAIL
receptors are DR4 and/or DRS5. Preferred embodiments provide a method of modifying the NK
cells or NK cell lines to express a mutant TRAIL ligand that has a reduced affinity for decoy
TRAIL receptors.

[0068] In further preferred embodiments, the method comprises modifying a NK cell or NK cell
line to remove function of a checkpoint inhibitory receptor and also to express a mutant TRAIL
ligand with reduced or no binding affinity for decoy TRAIL receptors.

[0069] Further typical embodiments provide a method for making a NK cell or NK cell line, In
which function of one or more checkpoint inhibitory receptors has been removed and/or a
mutant TRAIL ligand is expressed, which has reduced or no binding affinity for decoy TRAIL
receptors, and the cell i1s further modified to express a CAR or bispecific CAR. The properties
of the CAR are optionally as described above.
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[0070] In embodiments, the method comprises making a NK cell or NK cell line, in which
function of one or more checkpoint inhibitory receptors has been removed and/or a mutant
TRAIL ligand i1s expressed, which has reduced or no binding affinity for decoy TRAIL receptors,
and the cell i1s optionally modified to express a CAR or bispecific CAR, and the cell is further

modified to express one or more Fc receptors. Suitable Fc receptors are selected from CD16
(FcRII), CD32 (FcRIl) and CD64 (FcRI).

[0071] Preferred embodiments of all the above comprise a method of making NK cells and NK
cell lines being a derivative of KHYG-1.

[0072] As per the objects of the invention, the modified NK cell, NK cell line or composition
thereof with increased cytotoxicity are for use In treating cancer in a patient, especially blood
cancer.

[0073] In preferred embodiments, the modified NK cell, NK cell line or composition is for use In
treating blood cancers Iincluding acute lymphocytic leukemia (ALL), acute myeloid leukemia
(AML), chronic lymphocytic leukemia (CLL), chronic myeloid leukemia (CML), Hodgkin's
lymphoma, non-Hodgkin's lymphoma, including T-cell lymphomas and B-cell lymphomas,
asymptomatic myeloma, smoldering multiple myeloma (SMM), active myeloma or light chain
myeloma.

[0074] In even more preferred embodiments, the invention Is a NK cell line obtained as a
derivative of KYHG-1 by reducing checkpoint inhibitory receptor function in a KHYG-1 cell In
addition to expressing a mutant TRAIL ligand in the KHYG-1 cell for use In treating blood
cancer.

[0075] Modified NK cells, NK cell lines and compositions thereof described herein, above and
below, are suitable for treatment of cancer, in particular cancer in humans, e.g. for treatment of
cancers of blood cells or solid cancers. The NK cells and derivatives are preferably human NK
cells. For human therapy, human NK cells are preferably used.

[0076] Various routes of administration will be known to the skilled person to deliver active
agents and combinations thereof to a patient in need. Embodiments of the invention are for
blood cancer treatment. Administration of the modified NK cells and/or NK cell lines can be
systemic or localized, such as for example via the intraperitoneal route.

[0077] In other embodiments, active agent is administered more directly. Thus administration
can be directly intratumoural, suitable especially for solid tumours.

[0078] NK cells In general are believed suitable for the methods, uses and compositions of the
Invention. As per cells used In certain examples herein, the NK cell can be a NK cell obtained
from a cancer cell line. Advantageously, a NK cell, preferably treated to reduce its
tumourigenicity, for example by rendering it mortal and/or incapable of dividing, can be
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obtained from a blood cancer cell line and used in methods of the invention to treat blood
cancer.

[0079] To render a cancer-derived cell more acceptable for therapeutic use, 1t I1Is generally
treated or pre-treated iIn some way to reduce or remove its propensity to form tumours in the
patient. Specific modified NK cell lines used In examples are safe because they have been
rendered incapable of division; they are irradiated and retain their killing ability but die within
about 3-4 days. Specific cells and cell lines are hen<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>