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(57) Abstract: The present invention relates to engineered a cytolytic im-
mune cell comprising; i) a releasable protein which comprises a polypep-
tide of interest (POI) and a first interaction domain; and ii) a retention pro-
tein which is retained within an intracellular compartment of the cell and
comprises a second interaction domain which binds to the first protein in-
teraction domain, wherein binding between the first protein interaction do-
main and second protein interaction domain is disrupted by the presence of
an agent, such that in the absence of the agent, the first protein interaction
domain and second protein interaction domain bind and result in retention
of the POI within an intracellular compartment; whereas in the presence of
the agent, the first protein interaction domain and second protein interaction
do not bind and the POI is released from the intracellular compartment and
expressed at the cell surface or secreted by the cell.
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ENGINEERED CYTOLYTIC IMMUNECELL

FIELD OF THE INVENTION
The present invention relates to an engineered cytolytic immune cell which secretes a
protein of interest; and in particular to methods for controllably inducing the secretion of said

protein of interest.

BACKGROUND TO THE INVENTION

Engineered cell therapy has been successful in treating a number of lymphoid malignancies,
such as B-cell Acute Lymphoblastic Leukaemia (B-ALL), Diffuse Large B-cell Lymphoma
(DLBCL) and Multiple Myeloma (MM), however there has been relatively little success in the
treatment of solid cancers. There are many reasons why solid cancers have proven to be
more difficult targets for engineered cell therapy than lymphoid cancers, including access to
the tumour, persistence in the face of inhibitory signals and cells and heterogeneity of
tumour antigen expression. Methods of increasing the potency of engineered cell therapies

are needed for the successful treatment of other cancers, such as solid cancers.

Engineered cells face hostile microenvironments. Modulating the tumour microenvironment
may convert the microenvironment into a more favourable environment which enables the
engineered immune cytotoxic cells to proliferate, survive and/or engraft thereby providing a

more effective engineered cell therapy.

Interleukin 12 (IL-12) is a potent immunomodulatory cytokine of particular interest for
modulating the tumour microenvironment redirecting the immune response against cancer.
IL-12 is systemically toxic therefore methods for producing IL-12 locally have been produced
(for example by Chmielewski et al., Cancer Res. 71, 5697-5706 (2011)). Transgenic T cell
IL-12 production can result in highly toxic systemic levels. Zhang et al., produced autologous
melanoma tumour infiltrating lymphocytes (TILs) transduced with a gene encoding a single-
chain IL-12 driven by an NFAT promoter. Despite a functionally controlled IL-12 release,
severe clinical and unpredictable clinical toxicity occurred including high serum levels of IL-
12 and interferon gamma, clinical toxicities including liver dysfunction, high fevers and

sporadic life threatening hemodynamic instability.

Accordingly, there remains a need for approaches to controllably modulate the tumour
microenvironment, which may improve the effectiveness of engineered cytolytic immune

cells to proliferate, survive and/or engraft in a microenvironment.
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SUMMARY OF THE INVENTION

The present inventors have developed an engineered cytolytic immune cell which is capable
of controllably secreting a protein of interest (such as an immune modulatory cytokine). This
method allows the controllable secretion of proteins which it would be undesirable or unsafe

to secrete constitutively or at systemic levels using other methods.

Engineered cytolytic immune cells of the present invention may be used to control the
administration of immune-modulatory proteins to the tumour microenvironment, thereby
avoiding toxic effects which may be associated with systemic administration of such

proteins.

As described herein, a first protein interaction domain is operably linked to a protein of
interest and a second protein interaction domain is operably linked to an intracellular
retention domain. In the absence of an agent, the protein of interest is retained within the cell
via a protein:protein interaction between the first and the second protein interaction domains.
In the presence of an agent, the agent disrupts the protein:protein interaction between the
first and the second protein interaction domains and the protein of interest is released from
the intracellular compartment and secreted from the engineered cytolytic immune cell of the

invention.

Thus, in one aspect, the present invention provides an engineered cytolytic immune cell
comprising:

i) a releasable protein which comprises a polypeptide of interest (POI) and a first interaction
domain; and

ii) a retention protein which is retained within an intracellular compartment of the cell and
comprises a second interaction domain;

wherein the first protein interaction domain and second protein interaction domain are

capable of a conditional interaction according to the presence or absence of an agent.

The engineered cytolytic immune cell may comprise:

i) a first nucleic acid sequence encoding a releasable protein which comprises a
protein of interest (POI), a first protein interaction domain and a signal peptide;
and

i) a second nucleic acid sequence encoding a retention protein, which comprises a
second protein interaction domain, an intracellular retention domain and a signal

peptide;
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wherein the first protein interaction domain and second protein interaction domain are

capable of a conditional interaction according to the presence or absence of an agent.

The interaction between the first protein interaction domain and second protein interaction
may be disrupted by the presence of an agent, such that in the absence of the agent, the
first protein interaction domain and second protein interaction bind and result in retention of
the POI within an intracellular compartment; whereas in the presence of the agent, the first
protein interaction domain and second protein interaction do not bind and the POI is not

retained within the intracellular compartment.

In this respect, the present application provides an engineered cytolytic immune cell
comprising:

i) a releasable protein which comprises a polypeptide of interest (POI) and a first interaction
domain; and

ii) a retention protein which is retained within an intracellular compartment of the cell and
comprises a second interaction domain which binds to the first protein interaction domain,
wherein binding between the first protein interaction domain and second protein interaction
domain is disrupted by the presence of an agent, such that in the absence of the agent, the
first protein interaction domain and second protein interaction domain bind and result in
retention of the POI within an intracellular compartment; whereas in the presence of the
agent, the first protein interaction domain and second protein interaction do not bind and the
POl is released from the intracellular compartment and either expressed at the cell surface

or secreted by the cell.

In the presence of the agent, the POl may be exported to and expressed at the cell surface.

Alternatively, in the presence of the agent, the POl may be secreted by the cell.

The interaction between the first protein interaction domain and the second protein
interaction domain may be reduced or disrupted by the agent binding competitively to one of

the first protein interaction domain or the second protein interaction domain.

The interaction between the first protein interaction domain and the second protein
interaction domain may be disrupted by the agent binding to one of the first protein
interaction domain or the second protein interaction domain with higher affinity than the
interaction between the first protein interaction domain and the second protein interaction

domain.
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One of the first protein interaction domain or the second protein interaction domain may
comprise the Tet Repressor Protein (TetR) or a variant thereof and the other of the first
protein interaction domain or second protein interaction domain may comprise TetR inducing
Peptide (TiP) or a variant thereof. In this case the agent may be selected from tetracycline,

doxycycline, minocycline or an analogue thereof.

Suitably, the first protein interaction domain may comprise the Tet Repressor Protein (TetR)
or a variant thereof and the second protein interaction domain may comprise TetR inducing
Peptide (TiP) or a variant thereof. Suitably, the first protein interaction domain may comprise
TetR inducing Peptide (TiP) or a variant thereof and the second protein interaction domain

may comprise the Tet Repressor Protein (TetR) or a variant thereof.

The first protein interaction domain or the second protein interaction domain may be a

peptide mimic of the agent.

One of the first protein interaction domain or the second protein interaction domain may be a
peptide mimic of the agent and the other of the first protein interaction domain or second
protein interaction domain may be capable of binding the agent and the peptide mimic,
wherein the protein interaction domain binds the peptide mimic at a lower affinity than it

binds the agent.

Suitably, the first protein interaction domain may be a peptide mimic of the agent and the
second protein interaction domain may be capable of binding the agent and the peptide
mimic, wherein the second protein interaction domain binds the peptide mimic at a lower
affinity than it binds the agent. Suitably, the first protein interaction domain may capable of
binding the agent and the peptide mimic and the second protein interaction domain may be a
peptide mimic of the agent, wherein the first protein interaction domain binds the peptide

mimic at a lower affinity than it binds the agent.

Suitably, one of the first protein interaction domain or second protein interaction domain
may comprise an antibody, a single domain antibody (sdAb), a VHH/nanobody, a nanobody,
an affibody, a fibronectin artificial antibody scaffold, an anticalin, an affilin, a DARPIn, a
VNAR, an iBody, an affimer, a fynomer, a domain antibody (DAb), an abdurin/ nanoantibody,
a centyrin, an alphabody or a nanofitin which is capable of binding the agent and the other of

the first or second protein interaction domain may be a peptide mimic of the agent.

Suitably, one of the first protein interaction domain or second protein interaction domain may

be a peptide which mimics minocycline and the other of the first protein interaction domain or
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second protein interaction domain may be a VHH which binds minocycline and the agent

may be selected from minocycline, tetracycline, doxycycline, or an analogue thereof.
The agent may be a small molecule.

The intracellular retention domain may be a Golgi retention domain. Suitably, the retention
domain may be selected from the group comprising: a SEKDEL (SEQ ID NO: 28) sequence,
a KDEL (SEQ ID NO: 29) sequence, a KKXX (SEQ ID NO: 30) motif, a KXKXX (SEQ ID NO:
31) motif, a tail of adenoviral E19 protein comprising the sequence KYKSRRSFIDEKKMP
(SEQ ID NO:32), or a fragment of HLA invariant chain comprising the sequence
MHRRRSRSCR (SEQ ID NO:33) or variants thereof.

The intracellular retention domain may be an endoplasmic reticulum retention domain.
Suitably, the endoplasmic reticulum retention domain may be selected from Ribophorin I,

Ribophorin II, SEC61 or cytochrome b5 or variants thereof.

The intracellular retention domain may be a plasma membrane retention domain. Suitably,
the plasma membrane retention domain may be selected from Thy-1 and PRNP or a variant

thereof.

The intracellular retention domain may be located at the C-terminus or at the N-terminus of

the retention protein.
The POI may be an immune system modulator.

The POI may be a cytokine or chemokine. Suitably, the cytokine or chemokine may be

regulated by a Nuclear factor of activated T-cells (NFAT) response element.

Suitably, the POl maybe selected from: IL12, flexilL12, GM-CSF, IL7, IL15, IL21 and CCL19.
The POI may be an antibody, antibody fragment or dAb.

The POI may be a toxin. Suitably, the toxin may be diphtheria toxin or pseudomonal toxin.

The POI may be a secreted protein. The POl may be a membrane protein (e.g. a cell

surface membrane protein or plasma membrane protein).
The releasable protein may encode two or more POls.

The engineered cytolytic immune cell may be an alpha-beta T cell, a NK cell, a gamma-delta

T cell, or a cytokine induced killer cell.
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The engineered cytolytic immune cell may further comprise a chimeric antigen receptor

(CAR) or transgenic T cell receptor (TCR).
In one aspect, the present invention provides a kit of nucleic acid sequences comprising:

() a first nucleic acid sequence encoding a releasable protein as defined herein;
(i) a second nucleic acid sequence encoding a retention protein as defined herein;
and

(iii) a third nucleic acid sequence which encodes a CAR or transgenic TCR.
In another aspect, the present invention provides a nucleic acid construct which comprises:

(i) a first nucleic acid sequence encoding a releasable protein as defined herein;
(i) a second nucleic acid sequence encoding a retention protein as defined herein;
and

(iii) a third nucleic acid sequence which encodes a CAR or transgenic TCR.

In one aspect, the present invention provides a vector which comprises a nucleic acid

construct according to the present invention.
In one aspect, the present invention provides a kit of vectors comprising:

i) a first vector which comprises a first nucleic acid sequence encoding a releasable
protein as defined herein;

(i) a second vector which comprises a second nucleic acid sequence encoding a
retention protein as defined herein; and

(iii) a third vector which comprises a third nucleic acid sequence which encodes a
CAR or transgenic TCR.

In another aspect, the present invention provides a method for making an engineered
cytolytic immune cell according to the present invention, which comprises the step of
introducing to a cytolytic immune cell a nucleic acid construct according to the present
invention, a first, second and third nucleic acid sequence as defined herein; a vector

according to the present invention or a first, second and third vector as defined herein.

In one aspect, the present invention provides a method for controlling the secretion of a POI
from a cell, which comprises the steps of: introducing to a cell a nucleic acid construct
according to the present invention, a first, second and third nucleic acid sequence as defined
herein; a vector according to the present invention or a first, second and third vector as

defined herein and administering the agent as defined herein to the cell.
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In another aspect, the present invention provides a method for controlling the secretion of a
POI from a cell, which comprises administering the agent as defined herein to the
engineered cytolytic immune cell according to the present invention or to a cell obtainable by

the method of the present invention.

The cell may be from a sample isolated from a subject.

In a further aspect, the present invention provides a pharmaceutical composition which
comprises a cytolytic immune cell according to the present invention, a nucleic acid
construct according to the present invention, a first, second and third nucleic acid sequence
as defined herein, a vector according to the present invention, a first, second and third vector

as defined herein.

In one aspect, the present invention provides a pharmaceutical composition which
comprises a cell according to the present invention or a cell obtainable by a method

according to the present invention.

In a further aspect, the present invention provides a pharmaceutical composition according

to the present invention for use in treating and/or preventing a disease.

The present invention further relates to a method for treating and/or preventing a disease,
which comprises the step of administering a pharmaceutical composition according to the

present invention to a subject in need thereof.

In one aspect, the present invention provides a method for treating and/or preventing a
disease, which comprises the step of administering the agent as defined herein to a subject
to which the engineered cytolytic immune cell according to the present invention has been

administered.

The method may comprise the following steps:
(i) isolation of a cell containing sample;
(i) introduction of the nucleic acid construct according to the present invention, a first,
second and third nucleic acid sequence as defined herein, a vector according to the
present invention or a first, second and third vector as defined herein to the cell; and

(iii) administering the cells from (ii) to a subject.
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The nucleic acid construct or vector may be introduced by transduction or transfection.
The cell may be autologous. The cell may be allogenic.

The method may comprise monitoring toxic activity and/or anti-tumour activity in the subject
and optionally further comprises the step of: stopping or reducing the administration of an
agent as defined herein to the subject in order to reduce adverse toxic effects; or increasing
the administration of an agent as defined herein to the subject in order to increase anti-

tumour effects.

In another aspect, the present invention relates to the use of a pharmaceutical composition
according to the present invention in the manufacture of a medicament for the treatment

and/or prevention of a disease.

The disease may be cancer. The cancer may be neuroblastoma. The cancer may be

prostate cancer.

The invention further relates to the use of an agent as defined herein, to increase secretion

of a POI from an engineered cytolytic immune cell according to the present invention.
BRIEF DESCRIPTION OF THE FIGURES

Figure 1 — Schematic diagram illustrating an embodiment of the present invention wherein a
releasable protein comprises a first protein interacting domain and a protein of interest and a
retention protein comprises a second interacting domain and a retention domain. The first
protein interaction domain and the second protein interaction domain are capable of a

conditional interaction.

Figure 2 — Schematic diagram illustrating a construct according to the present invention.
The construct comprises a nucleic acid sequence encoding a releasable protein which
comprises from left to right, a signal peptide, a first protein interaction domain and a protein
of interest, and a nucleic acid sequence which encodes a retention protein which comprises
from left to right, a signal peptide, a second protein interaction domain and an intracellular
retention domain. A nucleic acid sequence encoding a self-cleaving peptide (2A domain) is
located between the nucleic acid sequence encoding the releasable protein and the

retention protein.

Figure 3 — An illustrative example of an engineered cytolytic immune cell according to the
present invention. The first protein interaction domain comprises TetR interacting protein
(TiP) and the protein of interest is IL-12. The second protein interaction domains comprises

the Tet repressor (TetR) and an endoplasmic reticulum retention domain, KDEL (SEQ ID
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NO: 29). A) In the absence of agent, the first protein interaction domain and the second
protein interaction domain bind and result in retention of IL-12 within the endoplasmic
reticulum. B) In the presence of an agent, the protein:protein interaction between TetR and
TiP is disrupted and TiP is displaced from TetR. IL-12 is not retained within the endoplasmic

reticulum.

Figure 4 — Graphs showing minocycline displaceable binding of peptides SEQ ID NO: 34,
SEQ ID NO: 35, SEQ ID NO: 36 and SEQ ID NO: 37 to minocycline dAb (SEQ ID NO: 8)
versus control antibody (SEQ ID NO: 13).

Figure 5 — Minocycline induced secretion of ER retained I1L12

HEK293T cells were transiently transfected with constructs expressing the intracellular
KDEL tagged anti-minocycline dAb and dAb-specific peptide (GWARA or PWAYS) tagged
IL-12 (A). Transfection efficiency determined by staining for HA marker expression with
transfection efficiency ranging from 50-70% (B). Culture media was removed and replaced
with fresh media containing varying concentrations of minocycline (0, 1uM and 10uM).
Supernatant was collected 2 and 4 hours post minocycline addition and IL12 ELISA readout

carried out (C).

Figure 6 — Schematic showing an embodiment of the present invention comprising a

dampener.

Figure 7 — Schematic showing an embodiment of the present invention comprising an

enhancer.

DETAILED DESCRIPTION OF THE INVENTION

PROTEIN INTERACTION DOMAINS

The first protein interaction domain, second protein interaction domain and agent of the
present invention may be any combination of molecules/peptides/domains which enable the
conditional interaction of the protein interaction domains according to the presence or

absence of the agent.

The first and second protein interaction domains may be capable of specifically binding to

one another.

The protein-protein interaction between the first and second protein interaction domains may
spontaneously occur, but be disrupted in the presence of an agent i.e. a separate molecule

acting as a “disruptor” of binding.
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The interaction between the first protein interaction domain and second protein interaction
may be disrupted by the presence of an agent, such that in the absence of the agent, the
first protein interaction domain and second protein interaction bind and result in retention of
the POI within an intracellular compartment; whereas in the presence of the agent, the first
protein interaction domain and second protein interaction do not bind and the POI is not

retained within the intracellular compartment.

As used herein, “disrupted” means that the binding between the first and second protein
interaction domains is reduced or eliminated completely by addition of the agent. Suitably,
binding between the first and second protein interaction domains may be reduced by at least
10%, at least 20%, at least 30%, at least 40%, at least 50%, at least 60%, at least 70%, at
least 80%, at least 90%, at least 95% or at least 99% by addition of the agent.

The interaction between the first protein interaction domain and the second protein
interaction domain may be disrupted by the agent binding competitively to one of the first

protein interaction domain or the second protein interaction domain.

As used herein “competitive binding of the agent” refers to the binding of an agent which
prevents binding between the first and second protein interaction domains. An agent may
bind competitively by directly binding to binding site of a protein domain which interacts with
the reciprocal binding site on the other protein domain. Alternatively, the agent may bind
competitively by binding to a region which overlaps with the binding site of a protein domain

which interacts with the reciprocal binding site on the other protein domain.

The agent may be capable of specifically binding to the first protein interaction domain or the
second protein interaction domain at a higher affinity than the binding between the first

protein interaction domain and the second protein interaction domain.

As used herein, “higher affinity” means that the agent binds to one of first or second protein
interaction domains at least 5, 10, 20, 50, 100, 1000 or 10000-fold greater affinity than the
binding affinity between the first protein interaction domain and the second protein

interaction domain.

Assays for measuring binding affinity and competitive binding are known in the art such as
radioactive ligand binding assays (including saturation binding, scatchard plot), non-
radioactive ligand binding assays (including fluorescence polarization, fluorescence
resonance energy transfer and surface plasmon resonance/Biacore, and solid phase ligand

binding assays.

10
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For example, the binding system may be based on any peptide:peptide protein interaction

domain system.
The first or second protein interaction domain may be a peptide mimic of the agent.

Suitably, either of the first or second protein interaction domain may comprise a peptide
binding domain which binds the peptide and the other protein interaction domain may
comprise a peptide mimic which binds the peptide binding domain with lower affinity than the
peptide. In these embodiments, the use of peptide as an agent may disrupt the binding of
the peptide mimic to the peptide binding domain through competitive binding. The peptide
mimic may have a similar amino acid sequence to the “wild-type” peptide, but with one of

more amino acid changes to reduce binding affinity for the peptide binding domain.

The agent may bind the first protein interaction domain or the second protein interaction
domain with at least 5,10, 20, 50, 100, 1000 or 10000-fold greater affinity than the affinity

between the first protein interaction domain and the second protein interaction domain.

Small molecules agents which disrupt protein-protein interactions have long been developed
for pharmaceutical purpose (reviewed by Vassilev et al, Small-Molecule Inhibitors of Protein-
Protein Interactions ISBN: 978-3-642-17082-9, incorporated herein by reference). The
proteins or peptides whose interaction is disrupted (or relevant fragments of these proteins)
can be used as the first and/or second protein interaction domain and the small molecule

may be used as the agent.

A list of proteins/peptides whose interaction is disruptable using an agent such as a small
molecule is given in the table below. These disputable protein-protein interactions (PPI) may
be used in the present invention. Further information on these PPIs is available from White

et al 2008 (Expert Rev. Mol. Med. 10:e8 which is incorporated herein by reference).

Interacting Protein 1 Interacting Protein 2 Inhibitor of PPI
p53 MDM2 Nutlin
Anti-apoptotic Bcl2 member | Apoptotic Bcl2 member GX015 and ABT-737
Caspase-3, -7 or -9 X-linked inhibitor of | DIABLO and DIABLO
apoptosis protein (XIAP) mimetics
RAS RAF Furano-indene derivative
FR2-7 PD2 domain of DVL FJ9
T-cell factor (TCF) Cyclic  AMP response | ICG-001
element binding protein
(CBP)

11
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Avadin / streptavidin Biotin Biotin mimic

In addition to the exemplified PPl systems described above, it will be understood that other
PPl systems may be generated using phage display of peptide sequences to generate

peptides which mimic the interaction of a small molecule which binds to a protein.

In other embodiments, antibodies may be generated which bind small molecules for use as
protein interaction domains according to the present invention. Suitable methods for

generating antibodies are well-known in the art.

The releasable and retention proteins as described herein may comprise linkers. Linkers (or
spacers) are short sequences which separate multiple domains in a protein. A linker may
comprise flexible residues such as glycine and serine repeats which allow the adjacent
protein domains to move relative to one another. Suitably, the releasable and/or retention
protein may comprise one or more serine-glycine linker domains. The linker may be of any
length with provides sufficient flexibility. Suitably, the linker may be 2, 3, 4, 5, 10, 15, 20, 25,

30 or more residues long.

The Tet repressor (TetR) system
Small molecule systems for controlling the co-localization of polypeptides are known in the

art, for example the Tet repressor (TetR), TetR interacting protein (TiP), tetracycline system.

The Tet operon is a well-known biological operon which has been adapted for use in
mammalian cells. The TetR binds tetracycline as a homodimer and undergoes a
conformational change which then modulates the DNA binding of the TetR molecules.
Klotzsche et al. (Nucleic Acids Res. 2009 Apr;37(6):1778-88, incorporated herein by
reference), described a phage-display derived peptide which activates the TetR. This
protein (TetR interacting protein/TiP) has a binding site in TetR which overlaps, but is not
identical to, the tetracycline binding site. Thus TiP and tetracycline compete for binding of
TetR.

In the cell of the present invention, one of the first or second protein interaction domains may
comprise (or consist of) TetR or TiP, and the other of the first or second protein interaction

domain may be the corresponding, complementary binding partner or variants thereof.
The amino acid sequences of TetR and TIP are shown below:

An amino acid sequence of TetR is set forth in SEQ ID NO: 1.

MSRLDKSKVINSALELLNEVGIEGLTTRKLAQKLGVEQPTLYWHVKNKRALLDALAIEMLDR
HHTHFCPLEGESWQDFLRNNAKSFRCALLSHRDGAKVHLGTRPTEKQYETLENQLAFLCQQG

12
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FSLENALYALSAVGHFTLGCVLEDQEHQVAKEERETPTTDSMPPLLRQAIELFDHQGAEPAF
LFGLELIICGLEKQLKCESGS (SEQ ID NO: 1)

An amino acid sequence of TiP is set forth in SEQ ID NO: 2 - MWTWNAYAFAAP (SEQ ID
NO: 2).

In some embodiments, a linker (such as a serine-glycine linker) may be used to separate TiP
from another protein. The linker may allow TIP the flexibility to orient itself correctly and/or to

separate TiP from the protein it is connected to.

For example, the amino acid sequence set forth in SEQ ID NO: 3 comprises the amino acid
sequence of TiP and a serine-glycine linker ((SGGGS) - MWTWNAYAFAAPSGGGS (SEQ ID
NO: 3).

Where the first and second protein interaction domains are TetR or TiP, the agent may be
tetracycline, doxycycline, minocycline or an analogue thereof. An analogue refers to a
variant of tetracycline, doxycycline or minocycline which retains the ability to specifically bind
to TetR or has increased or higher affinity binding to TetR compared to tetracycline,

doxycycline or minocycline.

Variant sequences of TetR and/or TiP may have at least 80%, 85%, 90%, 95%, 98% or 99%
sequence identity to SEQ ID NO: 1-3, provided that the sequences provide an effective
binding system which is disrupted in the presence of tetracycline, doxycycline, minocycline
or an analogue thereof. That is, provided that the sequences facilitate co-localisation of a
protein interaction domains of the present invention which may be disrupted in the presence

of tetracycline, doxycycline, minocycline or an analogue thereof.

The percentage identity between two polypeptide sequences may be readily determined by
programs such as BLAST, which is freely available at http://blast.ncbi.nim.nih.gov. Suitably,
the percentage identity is determined across the entirety of the reference and/or the query

sequence.

In one embodiment, one of the first or second protein interaction domains may comprise (or
consist of) TetR or TiP or a variant thereof, and the other of the first or second protein
interaction domain may be the corresponding, complementary binding partner or variants
thereof, the agent may be tetracycline, doxycycline, minocycline or an analogue thereof and

the protein of interest may be any POI as described herein.

In one embodiment, one of the first or second protein interaction domains may comprise (or

consist of) TetR or TiP or a variant thereof, and the other of the first or second protein
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interaction domain may be the corresponding, complementary binding partner or variants

thereof, the protein of interest may be flexi IL-12.

In one embodiment, a first nucleic acid sequence may encode a releasable protein which
comprises flexilL-12, a TiP protein interaction domain and a signal peptide. Suitably, the
nucleic acid sequences encoding flexilL-12, TiP (or a variant thereof) and the signal peptide
are operably linked. Suitably, the signal peptide may be a murine Ig kappa chain V-III region
signal peptide sequence. In this embodiment, the second nucleic acid sequence may
encode a retention protein, which comprises TetR (or a variant thereof), an intracellular
retention domain and a signal peptide. Suitably, the nucleic acid sequences encoding TetR,
the intracellular retention domain and the signal peptide are operably linked. Suitably,
intracellular retention domain may be SEKDEL (SEQ ID NO: 28).

In one embodiment, the releasable protein may comprise the sequence set forth in SEQ ID

NO: 5 or a variant thereof.

METDTLLLWVLLLWVPGSTGCMWTWNAYAFAAPSGGGS IWELKKDVYVVELDWYPDAPGEMVV
LTCDTPEEDGITWTLDQOSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKED
GIWSTDILKDQKEPKNKTFLRCEARKNYSGRFTCWWLTTISTDLTESVKSSRGSSDPQGVTCG
AATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSEFFIRDIT
KPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFSLTFCVQVQGKSKREKKDRVETDKTS
ATVICRKNASISVRAQDRYYSSSWSEWASVPCSGGGGSGGGGSGGGGSRNLPLATPDPGMFP
CLHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLN
SRETSFITNGSCLASRKTSFMMALCLSSIYEDSKMYQVEFKTMNAKLLMDPKRQOIFLDQONMI
AVIDELMOALNFNSETVPORKSSLEEPDFYKTKIKLCILLHAFRIRAVIIDRVMSYLNAS
(SEQ ID NO:5).

SEQ ID NO: 5 comprises in order, a murine Ig kappa chain V-Ill region signal peptide
sequence (which is shown as underlined), a TIP sequence (which is shown in bold italics), a
human IL-12 beta subunit (which is shown in normal text) a serine glycine linker (which is

shown in bold) and a human IL-12 alpha subunit (which is shown in italics).

In one embodiment, the releasable protein may comprise the sequence set forth in SEQ ID
NO: 6 or a variant thereof.

METDTLLLKVLLLWVPGSTGCMWTWNAYAFAAPSGGGSIWELKKDVYVVELDWYPDAPGEMVV
LTCDTPEEDGITWTLDQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKED
GIWSTDILKDQKEPKNKTFLRCEAKNYSGRETCWWLTTISTDLTESVKSSRGSSDPQGVTCG
AATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSFEIRDIT
KPDPPKNLQLKPLKNSROQVEVSWEYPDTWSTPHSYEFSLTEFCVQVQGKSKREKKDRVETDKTS
ATVICRKNASISVRAQDRYYSSSWSEWASVPCSGGGGSGGGGSGGGGSRNLPLATPDPGMEP
CLHHSQONLLRAVSNMLOKARQTLEFYPCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLN
SRETSFITNGSCLASRKTSFMMALCLSSIYEDSKMYQVEFKTMNAKLLMDPKRQIFLDQONML
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AVIDELMOALNFNSETVPORKSSLEEPDFYKTKIKLCILLHAFRIRAVIIDRVMSYLNAS
(SEQ ID NO: 6).

SEQ ID NO: 6 comprises in order, a murine Ig kappa chain V-Ill region signal peptide
sequence with a lysine mutation at amino acid position nine (which is shown underlined), a
TIP sequence (which is shown in bold italics), a human IL-12 beta subunit (which is shown in
normal text), a serine glycine linker (which is shown in bold) and a human IL-12 alpha

subunit (which is shown in italics).

The lysine substitution at amino acid position nine reduces the efficiency of the signal
peptide thereby reducing the amount of TiP-IL-12 which enters the ER and which can be

secreted from the cell.

In one embodiment, the retention protein may comprise the sequence set forth in SEQ ID

NO: 7 or a variant thereof.

MGWSCIILFLVATATGVHSMSRLDKSKVINSALELLNEVGIEGLTTRKLAQKLGVEQPTLYW
HVKNKRALLDALAIEMLDRHHTHFCPLEGESWQDFLRNNAKSFRCALLSHRDGAKVHLGTRP
TEKQYETLENQLAFLCQQOGESLENALYALSAVGHFTLGCVLEDQEHQVAKEERETPTTDSMP
PLLRQATIELFDHQGAEPAFLFGLELIICGLEKQLKCESGSSGGGGSEKDEL (SEQ ID NO:7).

SEQ ID NO: 7 comprises, in order, a murine |Ig heavy chain V region 102 signal peptide
sequence (which is shown underlined) a TetR sequence (which is shown in normal text), a
serine-glycine linker (which is shown in bold) and a SEKDEL (SEQ ID NO: 28) ER retention

domain (which is shown in italics).

Variant sequences of SEQ ID NO: 5-7 may have at least 80%, 85%, 90%, 95%, 98% or 99%
sequence identity to SEQ ID NO: 5-7, provided that the sequences provide an effective
binding system which is disrupted in the presence of tetracycline, doxycycline, minocycline
or an analogue thereof. That is, provided that the sequences facilitate co-localisation of a
protein interaction domains of the present invention which may be disrupted in the presence

of tetracycline, doxycycline, minocycline or an analogue thereof.

In another embodiment, one of the first or second protein interaction domains may comprise

an antibody, such as a domain antibody, which binds an agent such as a small molecule.

In one embodiment, one of the first or second protein interaction domains comprises an
antibody, a single domain antibody (sdAb), a VHH/nanobody, a nanobody, an affibody, a

fibronectin artificial antibody scaffold, an anticalin, an affilin, a DARPin, a VNAR, an iBody,

15



10

15

20

25

30

WO 2019/197819 PCT/GB2019/051031

an affimer, a fynomer, a domain antibody (DAb), an abdurin/ nanoantibody, a centyrin, an
alphabody or a nanofitin which is capable of binding the agent and the other of the first or

second protein interaction domains is a peptide mimic of the agent.

In one embodiment, one of the first or second protein interaction domains is a peptide which
mimics minocycline and the other of the first or second protein interaction domains is an
antibody which binds minocycline and the agent is selected from minocycline, tetracycline,

doxocycline or an analogue thereof.

A minocycline peptide mimic may comprising an amino acid sequence set forth in SEQ ID
NO: 41: ACPXWAXXFC (SEQ ID NO: 41) wherein X is any amino acid.

The first or second protein interaction domain which mimics minocycline may be a peptide
selected from the following group:

ACPGWARAFC (SEQ ID NO: 34); ACPHWAQAFC (SEQ ID NO: 35); ACPQWAMMFC
(SEQ ID NO: 36) and ACPPWAYSFC (SEQ ID NO: 37).

Suitably, the first or second protein interaction domain which mimics minocycline may
comprise (or consist of) an amino acid sequence set forth in SEQ ID NO: 34. Suitably, the
first or second protein interaction domain which mimics minocycline may comprise (or
consist of) an amino acid sequence set forth in SEQ ID NO: 35. Suitably, the first or second
protein interaction domain which mimics minocycline may comprise (or consist of) an amino
acid sequence set forth in SEQ ID NO: 36. Suitably, the first or second protein interaction
domain which mimics minocycline may comprise (or consist of) an amino acid sequence set
forth in SEQ ID NO: 37.

The antibody such as domain antibody which binds minocycline may have an amino acid

sequence as set forth in SEQ ID NO: 8 or a variant thereof.

MKYLLPTAAAGLLLLAAQPAMAQVQLOESGGGLVOPGSSLRLSCAASGRTESSYNIGWEFRQA
PGKEREFVAATSWSGARTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYSCAAGRGW
GTEAILDYWGQGTQVTVSSAAAHHHHHHGAAEQKLISEEDLNGAA (SEQ ID NO: 8).

The antibody such as domain antibody which binds minocycline (or a variant thereof) may
have an amino acid sequence as set forth in SEQ ID NO: 9 or a variant thereof.

MKYLLPTAAAGLLLLAAQPAMAQVQLOESGGGLVQAGDSLRLSCSASGRSLSSYVMGWERQA
PGKEREFVAATSWSGARTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYRCAAGRGW
GTEAILDYWGQGTQVTVSSAAAHHHHHHGAAEQKLISEEDLNGAA (SEQ ID NO: 9).
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The antibody such as domain antibody which binds minocycline (or a variant thereof) may
have an amino acid sequence as set forth in SEQ ID NO: 10 or a variant thereof.

MKYLLPTAAAGLLLLAAQPAMAQVQLOESGGGLVQAGGSLRLACVASGNIGLVSVMDWYRQV
PGKERELVATITGGGRTNYADSVKGREFTISMDYAKATVYLOMNNLQPEDTAVYYCRLVSSGR
AFWGQGTQVTVSSAAAHHHHHHGAAEQKLISEEDLNGAA (SEQ ID NO: 10).

The antibody such as domain antibody which binds minocycline (or a variant thereof) may
have an amino acid sequence as set forth in SEQ ID NO: 11 or a variant thereof.

MKYLLPTAAAGLLLLAAQPAMAQVQLOESGGGLVQAGGSLRLSCAASGRTESSYNIGWEFRQA
PGKEREFVAATSWSGARTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCVAGRGW
GTEAILDYWGQGTQVTVSSAAAHHHHHHGAAEQKLISEEDLNGAA (SEQ ID NO: 11).

The antibody such as domain antibody which binds minocycline (or a variant thereof) may
have an amino acid sequence as set forth in SEQ ID NO: 12 or a variant thereof.

MKYLLPTAAAGLLLLAAQPAMAQVQLOESGGGLVQAGGSLRLSCAASGRTEFSRYNIGWEFRQA
PGKEREFVAATSWSGARTYYADSVKGRFTISRDNAKNTVYLOMNSLKPEDTAVYYCAAGRGW
GTEAILDYWGQGTQVTVSSAAAHHHHHHGAAEQKLISEEDLNGAA (SEQ ID NO: 12).

The antibody such as domain antibody which binds minocycline (or a variant thereof) may
have an amino acid sequence as set forth in SEQ ID NO: 13 or a variant thereof.

MKYLLPTAAAGLLLLAAQPAMAQVQLOESGGGLVQAGGSLRLACVASGNIGLVSVMDWYRQV
PGKERELVATITGGGSTNYSDSVKGREFTISMDYAKSTIYLOMNSLKPEDTAVYYCRLVNNGR
PFWGQGTQVTVSSAAAHHHHHHGAAEQKLISEEDLNGAA (SEQ ID NO: 13).

Variant sequences of SEQ ID NO: 8-13 may have at least 80%, 85%, 90%, 95%, 98% or
99% sequence identity to SEQ ID NO: 8-13, provided that the sequence is able to bind

minocycline or an analogue thereof.

The present intention provides an engineered cytolytic immune cell which secretes a POlI,
wherein secretion of said POl is “tunable”. As used herein, “tunable” means that it is possible
to increase, decrease or turn off secretion of the POl by the engineered cytolytic immune

cell.

Secretion may be tuned in a number of ways. For example, the ratio of the releasable and
the retention protein may be modified to increase or decrease secretion. The ratio of the POI
and the intracellular retention domain may be modified to increase or decrease secretion.
Suitably to increase secretion, a higher ration of PQOI to intracellular retention domain could

be used, or vice versa.
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The ratio of proteins may be modified by modulating the efficiency of one or more of the
signal peptides on the two proteins. Methods for modulating the efficiency of signal peptides

are described in W0O2016/174409, which is incorporated herein by reference).

In another embodiment, secretion may be tuned by modifying the affinity of the protein
interaction domain for the agent. Alternatively, secretion may be tuned by using an agent
which has higher or lower affinity for the protein interaction domain.

RELEASABLE PROTEIN

As used herein “releasable protein” refers to a protein which is capable of detaching from the
retention protein. The releasable protein is capable of translocating from one compartment to
another, for example a releasable protein may be capable of being secreted from a cell or of

translocating to the plasma membrane.

Suitably, a releasable protein may comprise a signal peptide which directs the protein to the
secretory pathway. Suitably, a releasable protein may be a membrane protein for example

which comprises an anchor or transmembrane domain.

PROTEIN OF INTEREST (POI)
As used herein, “protein of interest” “POI” refers to the protein which the cytolytic immune

cell has been engineered to express and secrete.

The POI may be any protein for which it is desirable to control the secretion of, for example,
for which it is desirable to control the secretion of in the tumour microenvironment. Suitably
the POl is an immune system modulator. Suitably, the POl may be capable of modulating

the tumour microenvironment.

As used herein “immune system modulator’ means that the POl is capable of influencing the

immune system.

The POI may modulate the immune system by increasing the immune response.

As used herein “capable of modulating the tumour microenvironment” means that the POl is

able to influence or alter the tumour microenvironment.
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The POI may modify the tumour microenvironment to inhibit tumour growth or tumour

survival.

Suitably, the POI may be a cytokine, a chemokine, an antibody or fragment thereof (such as

an scFv or Fab fragment) or a toxin.

Suitably, the POl may be immunomodulatory. The POI may block inhibitory signals (for
example programmed cell death protein 1 (PD1). The POl may be a PD1 blocking antibody.
The POI may activate the immune system (for example tumour necrosis factor receptor
superfamily, member 4 (TNFRSF4 or OX040) agonistic agents, 41BB agonistic agents or
inducible co-stimulator molecule (ICOS) agonistic agents). The POl may be an OX040
agonist. The POl may be a 41BB agonist. The POl may be an ICOS agonist.

The sequence of a PD1 blocking antibody (clone 5C4) is set forth in SEQ ID NO: 14.
Suitably, the POl may comprise the sequence set forth in SEQ ID NO: 14 or a variant
thereof.

MALPVTALLLPLALLLHAARPEIVLTQSPATLSLSPGERATLSCRASQSVSSYLAWYQQKPG
QAPRLLIYDASNRATGIPARFSGSGSGTDFTLTIEDFAVYYCQQSTFGQGTKVEIKGGGGSG
GGGSGGGGSQVYLVESGGGVVQPGRSLRLSCAASGF TF SNYGMHWVRQAPGKGLEWVALIWY

DGSNKYYADSVKGRFTISRDNSKNTLYLOMTSLRVEDTAVYYCASNVDHWGQGTLVTIVSS
(SEQ ID NO: 14).

The sequence of an OX40 agonist (a trimeric coiled coil OX40L) is set forth in SEQ ID NO:
15. Suitably, the POI may comprise the sequence set forth in SEQ ID NO: 15 or a variant
thereof.

ACGCAAAPDVKDLLSRLEELEGLVSSLREQQVSHRYPRIQSIKVQFTEYKKEKGF ILTSQKE
DEIMKVQNNSVIINCDGFYLISLKGYFSQEVNISLHYQKDEEPLFQLKKVRSVNSLMVASLT
YKDKVYLNVTTDNTSLDDFHVNGGELILIHQNPGEFCVL (SEQ ID NO: 15).

The coiled coil sequence is shown in bold.

The sequence of a 41BB agonist (a trimeric coiled coil 41BBL) is set forth in SEQ ID NO: 16.
Suitably, the POl may comprise the sequence set forth in SEQ ID NO: 16 or a variant
thereof.

ACGCAAAPDVKDLLSRLEELEGLVSSLREQACPWAVSGARASPGSAASPRLREGPELSPDDP
AGLLDLRQGMFAQLVAQNVLLIDGPLSWYSDPGLAGVSLTGGLSYKEDTKELVVAKAGVYYV
FFQLELRRVVAGEGSGSVSLALHLQPLRSAAGAAALALTVDLPPASSEARNSAFGFQGRLLH
LSAGQRLGVHLHTEARARHAWQLTQGATVLGLFRVTPEIPAGLPSPRSE (SEQ ID NO: 16).
The coiled coil sequence is shown in bold.
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The POI may be a cytokine. The POl may be a chemokine.

The POl may be selected from interleukin-12 (IL-12), flexilL-12, interleukin-7 (IL-7),
interleukin-15 (interleukin-15), interleukin-21, granulocyte-macrophage colony-stimulating
factor (GM-CSF), and chemokine (C-C motif) ligand 19 (CCL19).

Suitably, the POl may be IL-12.

Suitably, the POI may be IL-12. Suitably, the POl may comprise an IL-12 alpha subunit and
an IL-12 beta subunit. Suitably, the IL-12 alpha subunit and/or IL-12 beta subunit may
comprise an amino acid sequence as set forth in UniProt accessions P29459 and/or P29460

respectively

The amino acid sequence of IL-12 alpha subunit from UniProt accession P29459 is set forth
in SEQ ID NO: 17. Suitably, the POl may comprise the sequence set forth in SEQ ID NO: 17

or a variant thereof.

MCPARSLLLVATLVLLDHLSLARNLPVATPDPGMFPCLHHSONLLRAVSNMLOQKARQTLEFEFY
PCTSEEIDHEDITKDKTSTVEACLPLELTKNESCLNSRETSEFITNGSCLASRKTSFMMALCL
SSIYEDLKMYQVEFKTMNAKLLMDPKROQTIFLDONMLAVIDELMQALNEFNSETVPOQKSSLEEP
DFYKTKIKLCILLHAFRIRAVTIDRVMSYLNAS (SEQ ID NO: 17).

The amino acid sequence of |IL-12 beta subunit from UniProt accession P29460 is set forth
in SEQ ID NO: 18. Suitably, the POl may comprise the sequence set forth in SEQ ID NO: 18

or a variant thereof.

MCHQQLVISWFSLVFLASPLVAIWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWTL
DQSSEVLGSGKTLTIQVKEFGDAGQYTCHKGGEVLSHSLLLLHKKEDGIWS TDILKDQKEPK
NKTFLRCEAKNYSGRFTCWWLTTISTDLTFSVKSSRGSSDPQGVTICGAATLSAERVRGDNKE
YEYSVECQEDSACPAAEESLPIEVMVDAVHKLKYENYTSSFFIRDI IKPDPPKNLQLKPLKN
SRQVEVSWEYPDTWSTPHSYFSLTFCVQVQGKSKREKKDRVF TDKTSATVICRKNASISVRA
ODRYYSSSWSEWASVPCS (SEQ ID NO: 18).

Suitably, the POl may be flexi IL-12. Flexi IL-12 comprises the human IL-12 p35 and p40

subunits connected by a flexible linker, such as a linker comprising a serine-glycine repeat.

The amino acid sequence of flexi IL-12 is set forth in SEQ ID NO: 19. Suitably, the POI may

comprise the sequence set forth in SEQ ID NO: 19 or a variant thereof.
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IWELKKDVYVVELDWYPDAPGEMVVLTCDTPEEDGITWILDQSSEVLGSCGKTLTIQVKEFGD
AGQYTCHKGGEVLSHSLLLLHKKEDGIWSTDILKDQKEPKNKTFLRCEAKNYSGRF TCWWLT
TISTDLTFSVKSSRGSSDPQGVTCGAATLSAERVRGDNKEYEYSVECQEDSACPAAEESLPI
EVMVDAVHKLKYENYTSSFFIRDI IKPDPPKNLQLKPLKNSRQVEVSWEYPDTWSTPHSYFES
LTFCVQVQGKSKREKKDRVF TDKTSATVICRKNASISVRAQDRYYSSSWSEWASVPCSGGGG
SGGGGSGGGGSRNILPLATPDPGMFPCLHHSONLLRAVSNMLOKARQTLEFYPCTSEEIDHED
ITKDKTSTVEACLPLELTKNESCLNSRETSFITNGSCLASRKTSFMMALCLSSIYEDSKMYQ
VEFKTMNAKLLMDPKRQIFLDONMLAVIDELMQOALNFNSETVPQKSSLEEPDFYKTKIKLCT
LLHAFRIRAVTIDRVMSYLNAS (SEQ ID NO: 19).

The human IL-12 beta subunit is shown in normal text, the serine glycine linker is shown in

bold and the human IL-12 alpha subunit is shown in italics.

The amino acid sequence of IL-7 is set forth in SEQ ID NO: 20. Suitably, the POl may
comprise the sequence set forth in SEQ ID NO: 20 or a variant thereof.

MEFHVSFRYIFGLPPLILVLLPVASSDCDIEGKDGKQYESVLMVSIDQLLDSMKEIGSNCLNN
FFNFFKRHICDANKEGMFLFRAARKLRQFLKMNSTGDEFDLHLLKVSEGTTILLNCTGQVKGR
KPAALGEAQPTKSLEENKSLKEQKKLNDLCFLKRLLOQEIKTCWNKILMGTKEH (SEQ ID NO:
20).

The amino acid sequence of IL-15 is set forth in SEQ ID NO: 21. Suitably, the POI may
comprise the sequence set forth in SEQ ID NO: 21 or a variant thereof.

MRISKPHLRSISIQCYLCLLLNSHFLTEAGIHVEFILGCFSAGLPKTEANWVNVISDLKKIED
LIQSMHIDATLYTESDVHPSCKVTAMKCFLLELOVISLESGDASTIHDTVENLITLANNSLSS
NGNVTESGCKECEELEEKNIKEFLQSFVHIVQMFINTS (SEQ ID NO: 21).

The amino acid sequence of IL-21 is set forth in SEQ ID NO: 22. Suitably, the POI may
comprise the sequence set forth in SEQ ID NO: 22 or a variant thereof.

MERIVICLMVIFLGTLVHKSSSQGODRHMIRMROLIDIVDQLKNYVNDLVPEFLPAPEDVET
NCEWSAFSCEFQKAQLKSANTGNNERI INVSIKKLKRKPPSTNAGRROKHRLTCPSCDS
YEKKPPKEFLERFKSLLQKMIHQHLSSRTHGSEDS (SEQ ID NO: 22).

The amino acid sequence of CCL19 is set forth in SEQ ID NO: 23. Suitably, the POl may
comprise the sequence set forth in SEQ ID NO: 23 or a variant thereof.

MALLLALSLLVLWTSPAPTLSGTNDAEDCCLSVTQKPIPGYIVRNFHYLLIKDGCRVPAVVE
TTLRGRQLCAPPDQPWVERIIQRLQRTSAKMKRRSS (SEQ ID NO: 23).

The POI may be an antibody. Suitably, the POI may be an antibody, an antibody fragment
(e.g. scFv, F(ab)), a single domain antibody (sdAb), a VHH/nanobody, a nanobody, an

affibody, a fibronectin artificial antibody scaffold, an anticalin, an affilin, a Designed Ankyrin
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repeat protein (DARPIn), a VNAR, an iBody, an affimer, a fynomer, a domain antibody

(DADb), an abdurin/ nanoantibody, a centyrin, an alphabody or a nanofitin

The POI may be a toxin. Suitably, the toxin may be the diphtheria toxin. Suitably, the toxin

may be pseudomonas toxin. Suitably, the toxin may be the shigella toxin.

The amino acid sequence of the diphtheria toxin is set forth in SEQ ID NO: 24. Suitably, the
POI may comprise the sequence set forth in SEQ ID NO: 24 or a variant thereof.

MLVRGYVVSRKLFASILIGALLGIGAPPSAHAGADDVVDSSKSFVMENESSYHGTKPGYVDS
IQKGIQKPKSGTQGNYDDDWKGEYSTDNKYDAAGYSVDNENPLSGKAGGVVKVTYPGLTKVL
ALKVDNAETIKKELGLSLTEPLMEQVGTEEF IKRFGDGASRVVLSLPFAEGSSSVEYINNWE
QAKALSVELEINFETRGKRGODAMYEYMAQACAGNRVRRSVGSSLSCINLDWDVIRDKTKTK
IESLKEHGPIKNKMSESPNKTVSEEKAKQYLEEFHQTALEHPELSELKTVIGTNPVEFAGANY
AAWAVNVAQVIDSETADNLEKTTAALSILPGIGSVMGIADGAVHHNTEEIVAQSIALSSLMV
AQAIPLVGELVDIGFAAYNFVESIINLFQVVHNSYNRPAYSPGHKTQPFLHDGYAVSWNTVE
DSIIRTGFQGESGHDIKITAENTPLPIAGVLLPTIPGKLDVNKSKTHI SVNGRKIRMRCRAT
DGDVTFCRPKSPVYVGNGVHANLHVAFHRSSSEKIHSNEISSDSIGVLGYQKTVDHTKVNSK
LSLEFFEIKS (SEQ ID NO: 24.)

Variant sequences of SEQ ID NO: 14-24 may have at least 80%, 85%, 90%, 95%, 98% or
99% sequence identity to SEQ ID NO: 14-24, provided that the sequence is able to function
as a protein of interest. The variant sequence retains at least one function of SEQ ID NO:
14-24., such as the ability to act as an immune system modulator or ability to modulate the

tumour environment.

The POI may be regulated by a nuclear factor of activated T cells (NFAT) response element.

An NFAT response element may comprise the nucleotide sequence set forth in SEQ ID NO:
4. GGAGGAAAAACTGTTTCATACAGAAGGCGT (SEQ ID NO: 4).

The NFAT response element may comprise repeat units such as 3, 4, 5 or 6 repeat units.
Suitably, the NFAT response element may comprise 3, 4, 5 or 6 repeat units of SEQ ID NO:
4. The NFAT response element may be positioned in front of a promoter (e.g. a CMV

promoter).
The engineered cytolytic immune cell may comprise nucleic acid sequences encoding two or
more POls such as two POQOls, three POls, four POls or five or more POls. Suitably, the

releasable protein may comprise two or more POls.
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The two or more POls may be a combination of cytokines, chemokines, antibodies and/or
toxins. Suitably, the combination of POIs may be synergistic. Suitably the combination may

be a combination of cytokines and chemokines such as IL-7 and CCL19.

The POl may be operably linked to a first protein interaction domain as defined herein. The
POI may be operably linked to a both a signal peptide and a first protein interaction domain

as defined herein.

In one embodiment, the releasable protein and the retention protein as defined herein are

encoded by the same nucleic acid molecule. This embodiment is shown in Figure 2.

As used herein, “fusion proteins” are proteins created through the joining of two or more

nucleic acid sequences which code for separate proteins.

Suitably, a releasable protein as defined herein may be a fusion protein and may comprise a
POI fused to a first protein interaction domain. Suitably, a releasable protein as defined
herein may be a fusion protein which may comprise a POl fused to both a first protein

interaction domain and a signal peptide.

The POI may be a secreted protein. Suitably, the present invention provides a method for
controlling the release of a secreted protein from a cell, wherein in the POI is a secreted

protein.

A “membrane protein” as used herein means a protein which comprises a membrane

tethering component which acts as an anchor, tethering the protein to the cell membrane.

The membrane tethering component may comprise a membrane localisation domain. This
may be any sequence which causes the protein to be attached to or held in a position

proximal to the plasma membrane.

The membrane localisation domain may be or comprise a sequence which causes the
nascent polypeptide to be attached initially to the ER membrane. As membrane material
“flows” from the ER to the Golgi and finally to the plasma membrane, the protein remains

associated with the membrane at the end of the synthesis/translocation process.
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The membrane localisation domain may, for example, comprise a transmembrane domain or
transmembrane sequence, a stop transfer sequence, a GPl anchor or a

myristoylation/prenylation/palmitoylation site.

Alternatively the membrane localisation domain may direct the membrane-tethering
component to a protein or other entity which is located at the cell membrane, for example by
binding the membrane-proximal entity. The membrane tethering component may, for
example, comprise a domain which binds a molecule which is involved in the immune
synapse, such as TCR/CD3, CD4 or CD8.

Myristoylation is a lipidation modification where a myristoyl group, derived from myristic acid,
is covalently attached by an amide bond to the alpha-amino group of an N-terminal glycine
residue. Myristic acid is a 14-carbon saturated fatty acid also known as n-Tetradecanoic
acid. The modification can be added either co-translationally or post-translationally. N-
myristoyltransferase (NMT) catalyzes the myristic acid addition reaction in the cytoplasm of
cells. Myristoylation causes membrane targeting of the protein to which it is attached, as the

hydrophobic myristoyl group interacts with the phospholipids in the cell membrane.

The membrane tethering component of the present invention may comprise a sequence
capable of being myristoylated by a NMT enzyme. The membrane tethering component of

cell of the present invention may comprise a myristoyl group when expressed in a cell.

The membrane tethering component may comprise a consensus sequence such as: NH2-
G1-X2-X3-X4-S5-X6-X7-X8 which is recognised by NMT enzymes.

Palmitoylation is the covalent attachment of fatty acids, such as palmitic acid, to cysteine
and less frequently to serine and threonine residues of proteins. Palmitoylation enhances the
hydrophobicity of proteins and can be used to induce membrane association. In contrast to
prenylation and myristoylation, palmitoylation is usually reversible (because the bond
between palmitic acid and protein is often a thioester bond). The reverse reaction is

catalysed by palmitoyl protein thioesterases.
In signal transduction via G protein, palmitoylation of the a subunit, prenylation of the y

subunit, and myristoylation is involved in tethering the G protein to the inner surface of the

plasma membrane so that the G protein can interact with its receptor.
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The membrane tethering component may comprise a sequence capable of being
palmitoylated. The membrane tethering component may comprise additional fatty acids

when expressed in a cell which causes membrane localisation.

Prenylation (also known as isoprenylation or lipidation) is the addition of hydrophobic
molecules to a protein or chemical compound. Prenyl groups (3-methyl-but-2-en-1-yl)

facilitate attachment to cell membranes, similar to lipid anchors like the GPI anchor.

Protein prenylation involves the transfer of either a farnesyl or a geranyl-geranyl moiety to C-
terminal cysteine(s) of the target protein. There are three enzymes that carry out prenylation

in the cell, farnesyl transferase, Caax protease and geranylgeranyl transferase |.

The membrane tethering component may comprise a sequence capable of being prenylated.
The membrane-tethering component may comprise one or more prenyl groups when

expressed in a cell which causes membrane localisation.

A “transmembrane domain” as used herein is the sequence of a protein which spans the
membrane. A transmembrane domain may be any protein structure which is
thermodynamically stable in a membrane. This is typically an alpha helix comprising of
several hydrophobic residues. The transmembrane domain of any transmembrane protein
can be used to supply the transmembrane portion of a membrane protein according to the

present invention.

The presence and span of a transmembrane domain of a protein can be determined by
those skilled in the art using the TMHMM algorithm (http://www.cbs.dtu.dk/services/TMHMM-
2.0/). Further, given that the transmembrane domain of a protein is a relatively simple
structure, i.e. a polypeptide sequence predicted to form a hydrophobic alpha helix of
sufficient length to span the membrane, an artificially designed TM domain may also be used

(US 7052906 B1 describes synthetic transmembrane components).

The POl may be a membrane protein (e.g. a protein comprising a membrane tethering
component, a protein comprising a transmembrane domain). Suitably, the POI may be any
type of membrane protein including without limitation: Types I, Il and Il (single pass
molecules) and type IV (multiple-pass molecules) membrane proteins. Suitably, the present
invention provides a method for controlling the release of a membrane protein from inside
the cell so that it is translocated to the plasma membrane of the cell, wherein the POl is a

membrane protein.
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Examples of membrane proteins which may be used in the present invention include but are
not limited to: Src family kinases (e.g. Fyn, Src, Lck), 4-1BBL, CD40L, OX40, CD148, CD45,
SHP-1 or SHP-2, CTLA4, PD-1, LAG-3, 2B4, BTLA 1, CD28, ICOS. CD33, CD31, CD27,
CD30, GITR or HVEM or Siglec-5, 6, 7, 8, 9, 10 or 11 and chimeric tumour necrosis factor
(TNF) receptors. Other examples of membrane proteins which may be used in the present

invention include membrane-bound cytokines, such as IL2, IL17 and IL15.

As used herein an “enhancer” means a protein which is capable of enhancing the activity
(e.g. signalling) and/or persistence of a cytolytic immune cell according to the present
invention. For example, the enhancer may be capable of enhancing cell activation, antigen
responsiveness, proliferation and/or persistence of the cytolytic immune cell according to the

present invention.

Suitably, the enhancer may comprise a membrane tethering component and an enhancer

domain.

A “membrane tethering component” acts as an anchor, tethering the signal enhancing
component or signal dampening component to the intracellular surface of the cell

membrane.

Suitably the enhancer domain may be a signal a phosphorylation amplification domain (e.g.

kinase).

The phosphorylation amplification domain may be a phosphorylating amplifying endodomain
which can either directly or indirectly amplify the phosphorylation of an ITAM. For example,
the phosphorylating amplifying endodomain may be able to directly or indirectly amplify the

phosphorylation of one or more ITAM(s)

An example of direct amplification of phosphorylation is phosphorylation by a kinase. The
tyrosine kinase domain of a SRC family kinase (SRK) protein can directly phosphorylate the

tyrosine residues on ITAMSs.

An example of indirect amplification of phosphorylation is via recruitment of a kinase. For
example, the intracellular domains of CD4 and CD8 co-receptors indirectly amplify
phosphorylation of ITAMs by clustering with the CAR T cell antigen complex, recruiting
further SRK proteins, which then directly phosphorylate the ITAMs. These co-receptors also
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further stabilise the CAR T cell antigen complex, which optimizes signalling through the CAR

T cell receptor complex required for T cell activation.

The phosphorylating amplifying domain may comprise all or part of the tyrosine kinase

domain of an SRK protein.

Alternatively or additionally, the phosphorylating amplifying domain may comprise all or part

of the intracellular domain of a CD4 co-receptor or the CD8 co-receptor.

The enhancer domain may be a factor which protects the cell against the tumour

microenvironment, for example 4-1BBL or CD40L.

The enhancer domain may be a chimeric tumour necrosis factor (TNF) receptor.

Suitably the chimeric TNF receptor may comprise a binding domain which is capable of
binding a TNFR ligand; and a TNFR signalling domain. Suitably, the antigen-binding domain
may comprise the ligand binding domain of D3R, HVEM, CD27, CD40, RANK or Fn14.
Suitably, the signalling domain may comprise the signalling portion of the 4-1BB, OX40, or
GITR endodomain.

In one embodiment the POI (such as a membrane POI) may be an enhancer.

As used herein “dampener’ or a “signal-damper’ means a protein which inhibits signalling

when located on the intracellular side of the cell membrane.

For example, the dampener may inhibit CAR-mediated or TCR- mediated signalling when

located proximal to the CAR or TCR endodomain.

The signal dampener may inhibit CAR- or TCR- mediated cell signalling completely,
effectively "turning off' CAR mediated cell activation. Alternatively the signal dampener may

cause partial inhibition, effectively "turning down" CAR-mediated cell signalling.
The presence of the signal dampener may result in signalling through the signalling

component which is 2, 5, 10, 50, 100, 1,000 or 10,000-fold lower than the signalling which

occurs in the absence of the signal dampener.
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CAR- or TCR- mediated signalling may be determined by a variety of methods known in the
art. Such methods include assaying signal transduction, for example assaying levels of
specific protein tyrosine kinases (PTKs), breakdown of phosphatidylinositol 4,5-biphosphate
(PIP2), activation of protein kinase C (PKC) and elevation of intracellular calcium ion
concentration. Functional readouts, such as clonal expansion of T cells, upregulation of
activation markers on the cell surface, differentiation into effector cells and induction of

cytotoxicity or cytokine (e.g. IL-2) secretion may also be utilised.

Suitably, the dampener may comprise a membrane tethering component and a signal

dampening domain.

The signal dampening domain may comprise a phosphatase, such as a phosphatase

capable of dephosphorylating an ITAM.

The signal dampening domain of the signal dampener may comprise all of part of a receptor-
like tyrosine phosphatase. The phospatase may interfere with the phosphorylation and/or

function of elements involved in T-cell signalling, such as PLCy1 and/or LAT.

The signal dampening domain may comprise the phosphatase domain of one or more
phosphatases which are involved in controlling T-cell activation, such as CD148, CD45,
SHP-1 or SHP-2.

Suitably the release of a dampener (e.g. a phosphatase) from an intracellular compartment

to the membrane dampens CAR- or TCR-mediated cell signalling.

The signal dampening domain of the signal dampening component may comprise all or part
of the endodomain of an immunoregulatory molecule which inhibits T cell signalling. For
example, the signal dampening domain may comprise the endodomain from an
immunoinhibitory receptor which inhibits T cell activation. The inhibitory receptor may be a
member of the CD28 or Siglec family such as CTLA4, PD-1, LAG-3, 2B4, BTLA 1, CD28,
ICOS. CD33, CD31, CD27, CD30, GITR or HVEM or Siglec-5, 6, 7, 8, 9, 10 or 11.

The signal dampening domain may comprise one or more immunoreceptor tyrosine-based
inhibition motifs (ITIMs).

An ITIM is a conserved sequence of amino acids (S/I/V/LxYxxI/V/L) that is found in the

cytoplasmic tails of many inhibitory receptors of the immune system. After ITIM-possessing
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inhibitory receptors interact with their ligand, their ITIM motif becomes phosphorylated by

enzymes of the Src kinases.

Immune inhibitory receptors such as PD1, PDCD1, BTLA4, LILRB1, LAIR1, CTLA4, 2B4,
GP49B, Pir-B, PECAM-1, CD22, Siglec 7, Siglec 9, KLRG1, ILT2, CD94-NKG2A, CD5 and
the Killer inhibitory receptor family (KIR) including KIR2DL1, KIR2DL4, KIR2DL5, KIR3DLA1
and KIR3DL3 contain ITIMs.

Tyrosine-protein kinase CSK (C-terminal Src kinase) is an enzyme (UniProt ID: P41240
[http:/Avww.uniprot.org/uniprot/P41240]) which phosphorylates tyrosine residues located in
the C-terminal end of Src-family kinases. The signal dampening domain may comprise the

tyrosine kinase domain of CSK.

In one embodiment the POI (such as a membrane POI) may be a dampener.

Suitably, the POI may be a dampener when the engineered cytolytic immune cell according

to the present invention comprises a CAR or transgenic TCR.

SIGNAL PEPTIDE
The classical protein secretion pathway is through the endoplasmic reticulum (ER). The
releasable protein and the retention protein described herein may comprise a signal
sequence so that when the proteins are expressed inside a cell, the nascent protein is
directed to the ER.

The term “signal peptide” is synonymous with “signal sequence”.

A signal peptide is a short peptide, commonly 5-30 amino acids long, typically present at the
N-terminus of the majority of newly synthesized proteins that are destined towards the
secretory pathway. These proteins include those that reside either inside certain organelles
(for example, the endoplasmic reticulum, Golgi or endosomes), are secreted from the cell,

and transmembrane proteins.

Signal peptides commonly contain a core sequence which is a long stretch of hydrophobic
amino acids that has a tendency to form a single alpha-helix. The signal peptide may begin
with a short positively charged stretch of amino acids, which helps to enforce proper
topology of the polypeptide during translocation. At the end of the signal peptide there is

typically a stretch of amino acids that is recognized and cleaved by signal peptidase. Signal
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peptidase may cleave either during or after completion of translocation to generate a free
signal peptide and a mature protein. The free signal peptides are then digested by specific

proteases.

The signal peptide is commonly positioned at the amino terminus of the molecule, although

some carboxy-terminal signal peptides are known.

Signal sequences typically have a tripartite structure, consisting of a hydrophobic core region
(h-region) flanked by an n- and c-region. The latter contains the signal peptidase (SPase)
consensus cleavage site. Usually, signal sequences are cleaved off co-translationally, the

resulting cleaved signal sequences are termed signal peptides.

Signal sequences can be detected or predicted using software techniques (see for example,

http://www.predisi.de/).

A very large number of signal sequences are known, and are available in databases. For
example, http:/awww.signalpeptide.de lists 2109 confirmed mammalian signal peptides in its

database.

In one embodiment, the protein may be operably linked to a signal peptide which enables
translocation of the protein into the endoplasmic reticulum (ER). The protein may be
engineered to be operably linked to a signal peptide which enables translocation of the
protein into the ER. Suitably, the protein may operably linked to a signal peptide which is not
normally operably linked to in nature. Suitably, the combination of the protein and the signal

peptide may be synthetic (e.g. not found in nature).

In some embodiments an altered signal peptide (such as a less efficient signal peptide) may
be used. The use of an altered signal peptide may allow the system to be tuned according to
clinical need. For example, in some embodiments, the use of a less efficient signal peptide
reduces leak from the system e.g. less secretion or translocation in the absence of the

agent.
The ratio of proteins may be modified by modulating the efficiency of one or more of the

signal peptides on the two proteins. Methods for modulating the efficiency of signal peptides

are described in WO2016/174409 (which is incorporated herein by reference).
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Suitably, the signal peptide may be a murine Ig kappa chain V-Ill region signal peptide or a
variant thereof. The amino acid sequence of a murine Ig kappa chain V-lll region signal
peptide is set forth in SEQ ID NO: 25. Suitably, the signal peptide may comprise SEQ ID NO
25 or a variant thereof.

METDTLLLWVLLLWVPGSTG (SEQ ID NO: 25).

Suitably the amino acid sequence of a variant murine Ig kappa chain V-Ill region signal
peptide may comprise the sequence set forth in SEQ ID NO: 26.
METDTLLLKVLLLWVPGSTG (SEQ ID NO: 26).

This variant murine |g kappa chain V-IIl region signal peptide sequence comprises a lysine
mutation at amino acid position number nine (underlined), with respect to the wild-type
sequence set forth in SEQ ID NO: 26. Suitably, the signal peptide may comprise SEQ ID NO

26 or a variant thereof.

This substitution of a lysine mutation at amino acid position number nine reduces the
efficiency of the signal peptide, thereby reducing the amount of protein which enters the ER

and reducing the total amount of protein secreted or translocated to the membrane.

Suitably, the signal peptide may be a murine Ig heavy chain V region signal peptide
sequence. The amino acid sequence of a murine Ig heavy chain V region signal peptide is
set forth in SEQ ID NO: 27. Suitably, the signal peptide may comprise a sequence set forth
in SEQ ID NO: 27 or a variant thereof.

MGWSCIILFLVATATGVHS (SEQ ID NO: 27).

Variant sequences of SEQ ID NO: 25-27 may have at least 80%, 85%, 90%, 95%, 98% or
99% sequence identity to SEQ ID NO: 25-27, provided that the sequence is able to function
as a signal peptide. The variant sequence retains the ability to direct the nascent protein to
the ER.

In another embodiment, the protein may be operably linked to a signal peptide which
enables translocation of the protein into the ER. Suitably, the protein may be operably linked
to a signal peptide which it is normally operably linked to in nature. Suitably, the protein may
comprise a wild-type signal peptide, e.g. the combination of the protein and signal peptide is

naturally occurring.
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In some embodiments, the POl is a membrane protein and is anchored to the lipid
membrane with a stop-transfer anchor sequence. In other embodiments, the POI is a
membrane protein and is anchored to the lipid membrane with a signal-anchor sequence. In
other embodiments, the POI is a membrane protein and its N-terminal domain is targeted to
the cytosol. In a further embodiment, the POl is a membrane prtein and its N-terminal

domain is targeted to the lumen.

AGENT
The interaction between the first and second protein interaction domains is a conditional

interaction according to the presence or absence of an agent.

The agent may be capable of being delivered to the cytoplasm or intracellular compartment

of a cell and being available for intracellular binding.

Suitably, the agent may be a small molecule. The agent may be a small molecule such as: a

steroid, methotrexate, caffeine, cocaine or an antibiotic.

A steroid is an organic compound with four “fused” carbon rings. Examples of steroids
include the dietary lipid cholesterol, the sex hormones estradiol and testosterone and the

anti-inflammatory drug dexamethasone.

The steroid core structure is composed of seventeen carbon atoms, bonded in four "fused"
rings: three six-member cyclohexane rings (rings A, B and C in the first illustration) and one
five-member cyclopentane ring (the D ring). Steroids vary by the functional groups attached
to this four-ring core and by the oxidation state of the rings. Sterols are forms of steroids with

a hydroxyl group at position three and a skeleton derived from cholestane.

Methotrexate (MTX), formerly known as amethopterin, is an antimetabolite and antifolate

drug.

Caffeine is a purine, a methylxanthine alkaloid. It is a stimulant of the central nervous
system, but is generally recognised as safe (GRAS) by the Food and Dru Administration.
Toxic doses, over 10 grams per day for an adult, are much higher than typical dose of under

500 milligrams per day. A cup of coffee contains 80—-175 mg of caffeine.

Cocaine, also known as benzoylmethylecgonine or coke, is a strong stimulant. Various
analogs of cocaine (methyl(1R,2R,3S,5S)-3-(benzoyloxy)-8-methyl-8-
azabicyclo[3.2.1]octane-2-carboxylate) are known including stereoisomers; 3B-phenyl ring

substituted analogues; 2B-substituted analogues; N-modified analogues of cocaine; 3p-
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carbamoyl analogues; 3B-alkyl-3-benzyl tropanes; 6/7-substituted cocaines; 6-alkyl-3-benzyl

tropanes; and piperidine homologues.

Antibiotics or antibacterials are a type of antimicrobial used in the treatment and prevention
of bacterial infection. Antibacterial antibiotics are commonly classified based on their
mechanism of action, chemical structure, or spectrum of activity. Most target bacterial
functions or growth processes. Those that target the bacterial cell wall (penicillins and
cephalosporins) or the cell membrane (polymyxins), or interfere with essential bacterial
enzymes (rifamycins, lipiarmycins, quinolones, and sulfonamides) have bactericidal
activities. Those that target protein synthesis (macrolides, lincosamides and tetracyclines)
are usually bacteriostatic (with the exception of bactericidal aminoglycosides). Further
categorization is based on their target specificity. "Narrow-spectrum" antibacterial antibiotics
target specific types of bacteria, such as Gram-negative or Gram-positive bacteria, whereas
broad-spectrum antibiotics affect a wide range of bacteria. Four new classes of antibacterial
antibiotics have been brought into clinical use in the last ten years: cyclic lipopeptides (such
as daptomycin), glycylcyclines (such as tigecycline), oxazolidinones (such as linezolid), and

lipiarmycins (such as fidaxomicin).

The agent may, for example, be an antibiotic such as tetracycline, or a derivative thereof

such as doxycycline or minocycline.

INTRACELLULAR RETENTION DOMAIN

A “retention protein” as used herein means a protein which comprises an intracellular

retention domain.

Suitably, the retention protein may comprise an intracellular retention domain and a second

protein interaction domain.

The intracellular retention domain may be any protein or protein domain which is a resident
of a given intracellular compartment. This means that said protein or domain is in majority,
located in a given compartment. At least 80%, 85%, 90%, 95%, 96%, 97%, 98% or 99% of
said protein or domain is located in said compartment in a cell. The retention domain
prevents a protein of interest according to the present invention from being secreted from the

cell or from being translocated to the plasma membrane in the absence of the agent.

As used herein “compartment” or “subcellular compartment” refers to a given subdomain of
cell. A compartment may be an organelle (such as endoplasmic reticulum, Golgi apparatus,
endosome, lysosome) or an element of an organelle (such as multi-vesicular bodies of

endosomes, cis-medial-or trans- cisternae of the Golgi apparatus etc.) or the plasma
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membrane or sub-domains of the plasma membrane (such as apical, basolateral, axonal

domains) or micro domains such as focal adhesions or tight junctions.
An “intracellular compartment” refers to a compartment within a cell.

According to the present invention, the POl may be retained within the cell or within a
specific intracellular compartment by a conditional interaction between a first and second
protein interaction domain, wherein one of the protein interaction domains comprises an

intracellular retention domain.

The classical protein secretion pathway is through the ER. Secreted proteins typically have a
signal peptide which results in translocation of the protein into the ER. Secreted proteins do
not have a transmembrane domain and continue through the ER and out to the cell surface

where they are not retained to the membrane.

Type 1 membrane-bound proteins typically comprise a signal peptide and are anchored to
the lipid membrane with a stop-transfer anchor sequence. Type I, lll and multi-spanning
membrane-bound proteins may be targeted to the secretory pathway by a transmembrane
domain, which is similar to a signal sequence except that it is not cleaved and are typically

anchored with a signal-anchor sequence.

Some signal peptides contain Golgi retention motifs. These proteins enter the ER but due to

recognition of Golgi retention motifs, are shuttled back to the Golgi and are not secreted.

The retention domain may be a protein or domain which is resident in the Golgi. Suitably, the
Golgi retention domain may be selected from the group comprising: Giantin (GolgB1,
GenBank Accession number NM+004487.3), TGN38/46, Menkes receptor and Golgi
enzymes such as Manll (a-1,3-1,6 mannosidase, Genbank accession number NM_008549),
Sialyl Transferase (B-galactosamide o2,6-sialytransferae 1, NM_003032), GalT (B-1,4-
galactosyltransferase 1, NM_001497) adenoviral E19, HLA invariant chain or fragments

thereof comprising the localisation domains.

The intracellular retention domain maybe a Golgi retention domain. The Golgi retention
domain may be selected from the group comprising: a SEKDEL (SEQ ID NO: 28) sequence,
a KDEL (SEQ ID NO: 29) sequence, a KKXX (SEQ ID NO:30) motif, a KXKXX (SEQ ID NO:
31) motif, a tail of adenoviral E19 protein comprising the sequence KYKSRRSFIDEKKMP
(SEQ ID NO:32), or a fragment of human leukocyte antigen (HLA) invariant chain comprising
the sequence MHRRRSRSCR (SEQ ID NO:33).
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Suitably, the retention domain may be a KDEL (SEQ ID NO: 29) sequence. The KDEL
sequence prevents the protein from being secreted from the ER. A protein having a KDEL
sequence will be retrieved from the Golgi apparatus by retrograde transport to the ER lumen.
Proteins only leave the ER after the KDEL sequence has been cleaved off. Thus the protein

resident in the ER will remain in the ER as long as it contains a KDEL sequence.

Suitably, the retention domain may be a KKXX (SEQ ID NO:30) motif. Suitably the KKXX
domain may be located that the C terminus of the protein. KKXX is responsible for retrieval
of ER membrane proteins from the cis end of the Golgi apparatus by retrograde transport,

via interaction with the coat protein (COPI) complex.
Suitably, the retention domain may be a KXKXX (SEQ ID NO: 31) motif.

Suitably, the retention domain may be a tail of adenoviral E19 protein comprising the
sequence KYKSRRSFIDEKKMP (SEQ ID NO: 32).

Suitably, the retention domain may be an N-terminal fragment of the invariant chain of HLA
comprising the sequence MHRRRSRSCR (SEQ ID NO: 33).

The retention domain may be a protein or domain which is resident in the ER.

The ER retention domain may selected from the group comprising: an isoform of the
invariant chain which resides in the ER (li33), Ribophorin |, Ribophorin Il, SEC61 or
cytochrome b5 or fragments thereof comprising the localisation domains. An example of an
ER localisation domain is the ER localisation of Ribophorin |lI, Genbank accession
BC060556.1.

The intracellular retention domain maybe an ER retention domain.

The retention domain may be a protein or domain which is resident in the plasma

membrane. The intracellular retention domain maybe a plasma membrane retention domain.

The plasma membrane retention domain may be selected from Glycosylphosphatidylinositol
(GPI)-anchored proteins, such as Thy-1 cell surface antigen (Thy-1) and prion protein
(PRNP).

The retention domain may be C-terminal to the protein interaction domain.
The retention domain may be N terminal to the protein interaction domain.

Suitably, a retention protein as defined herein may comprise an intracellular retention

domain operably linked to a second protein interaction domain as defined herein. The
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intracellular retention domain may be operably linked to a both a signal peptide and a

second protein interaction domain as defined herein.

Suitably, a retention protein as defined herein may be a fusion protein and may comprise an
intracellular retention domain fused to a second protein interaction domain. Suitably, a
retention protein as defined herein may be a fusion protein which may comprise an
intracellular retention domain fused to both a second protein interaction domain and a signal
peptide and/or a transmembrane domain. Suitably, a retention protein as defined herein may
be a fusion protein and may comprise a second protein interaction domain fused to both an

intracellular domain and to a signal peptide and/or a transmembrane domain.

CELL

The present invention relates to an engineered cytolytic immune cell comprising: a
releasable protein which comprises a polypeptide of interest (POI) and a first interaction
domain; and a retention protein which is retained within an intracellular compartment of the
cell and comprises a second interaction domain; wherein the first protein interaction domain
and second protein interaction domain are capable of a conditional interaction according to

the presence or absence of an agent.

The cell may comprise a first nucleic acid sequence encoding a releasable protein which
comprises a protein of interest (POI) a first protein interaction domain and a signal peptide;

and

a second nucleic acid sequence encoding a retention protein, which comprises a second
protein interaction domain, an intracellular retention domain and a signal peptide;wherein the
first protein interaction domain and second protein interaction domain are capable of a

conditional interaction according to the presence or absence of an agent.

In some embodiments, the POI is a secretory protein and is secreted by the cell in the

presence of the agent.

In some embodiments, the POl is a membrane protein and is exported to the plasma
membrane in the presence of the agent. The present invention also relates to an engineered

cytolytic immune cell obtainable (or obtained) by methods of the invention.

In some embodiments, the engineered cytolytic immune cell according to the present
invention further comprises a chimeric antigen receptor (CAR) or transgenic T cell receptor
(TCR).
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An “engineered cell” as used herein means a cell which has been modified to comprise or
express a nucleic acid sequence which is not naturally encoded by the cell. Methods for
engineering cells are known in the art and include but are not limited to genetic modification
of cells e.g. by transduction such as retroviral or lentiviral transduction, transfection (such as
transient transfection — DNA or RNA based) including lipofection, polyethylene glycol,
calcium phosphate and electroporation. Any suitable method may be used to introduce a

nucleic acid sequence into a cell.

Accordingly, the first and second nucleic acid sequences encoding the releasable protein
and the retention protein respectively are not naturally expressed by a corresponding,
unmodified cell — for example an unmodified alpha-beta T cell, a NK cell, a gamma-delta T

cell or cytokine-induced Killer cell.

Suitably, an engineered cell is a cell whose genome has been modified e.g. by transduction
or by transfection. Suitably, an engineered cell is a cell whose genome has been modified by
retroviral transduction. Suitably, an engineered cell is a cell whose genome has been

modified by lentiviral transduction.

As used herein, the term “introduced” refers to methods for inserting foreign DNA or RNA
into a cell. As used herein the term introduced includes both transduction and transfection
methods. Transfection is the process of introducing nucleic acids into a cell by non-viral
methods. Transduction is the process of introducing foreign DNA or RNA into a cell via a

viral vector.

Engineered cells according to the present invention may be generated by introducing DNA
or RNA coding for the releasable protein and the retention protein by one of many means

including transduction with a viral vector, transfection with DNA or RNA.

Cells may be activated and/or expanded prior to the introduction of a nucleic acid sequence
encoding the releasable protein and the retention protein, for example by treatment with an
anti-CD3 monoclonal antibody or both anti-CD3 and anti-CD28 monoclonal antibodies. As
used herein “activated” means that a cell has been stimulated, causing the cell to proliferate,

differentiate or initiate an effector function.

Methods for measuring cell activation are known in the art and include, for example,
measuring the expression of activation markers by flow cytometry, such as the expression of
CDe69, CD25, CD38 or HLA-DR or measuring intracellular cytokines.

As used herein “expanded” means that a cell or population of cells has been induced to

proliferate.
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The expansion of a population of cells may be measured for example by counting the
number of cells present in a population. The phenotype of the cells may be determined by

methods known in the art such as flow cytometry.

“Cytolytic immune cell” as used herein is a cell which directly kills other cells. Cytolytic cells
may kill cancerous cells; virally infected cells or other damaged cells. Cytolytic immune cells

include T cells and Natural killer (NK) cells.

Cytolytic immune cells can be T cells or T lymphocytes which are a type of lymphocyte that
play a central role in cell-mediated immunity. T cells can be distinguished from other

lymphocytes, such as B cells and NK cells, by the presence of a TCR on their cell surface.

Cytolytic T cells (TC cells, or CTLs) destroy virally infected cells and tumour cells, and are
also implicated in transplant rejection. CTLs express the CD8 at their surface. CTLs may be
known as CD8+ T cells. These cells recognize their targets by binding to antigen associated
with MHC class |, which is present on the surface of all nucleated cells. Through IL-10,
adenosine and other molecules secreted by regulatory T cells, the CD8+ cells can be
inactivated to an anergic state, which prevent autoimmune diseases such as experimental

autoimmune encephalomyelitis.

Suitably, the cell of the present invention may be a T-cell. Suitably, the T cell may be an

alpha-beta T cell. Suitably, the T cell may be a gamma-delta T cell.

Natural Killer Cells (or NK cells) are a type of cytolytic cell which form part of the innate
immune system. NK cells provide rapid responses to innate signals from virally infected cells

in an MHC independent manner.

NK cells (belonging to the group of innate lymphoid cells) are defined as large granular
lymphocytes (LGL) and constitute the third kind of cells differentiated from the common
lymphoid progenitor generating B and T lymphocytes. NK cells are known to differentiate
and mature in the bone marrow, lymph node, spleen, tonsils and thymus where they then

enter into the circulation.

Suitably, the cell of the present invention may be a wild-type killer (NK) cell. Suitably, the cell

of the present invention may be a cytokine induced killer cell.

The cell may be derived from a patient’s own peripheral blood (1st party), or in the setting of
a haematopoietic stem cell transplant from donor peripheral blood (2nd party), or peripheral
blood from an unconnected donor (3rd party). T or NK cells, for example, may be activated

and/or expanded prior to being transduced with nucleic acid molecule(s) encoding the
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polypeptides of the invention, for example by treatment with an anti-CD3 monoclonal

antibody.

Alternatively, the cell may be derived from ex vivo differentiation of inducible progenitor cells
or embryonic progenitor cells to T cells. Alternatively, an immortalized T-cell line which

retains its lytic function may be used.

The cell may be a haematopoietic stem cell (HSC). HSCs can be obtained for transplant
from the bone marrow of a suitably matched donor, by leukapheresis of peripheral blood
after mobilization by administration of pharmacological doses of cytokines such as G-CSF
[peripheral blood stem cells (PBSCs)], or from the umbilical cord blood (UCB) collected from
the placenta after delivery. The marrow, PBSCs, or UCB may be transplanted without
processing, or the HSCs may be enriched by immune selection with a monoclonal antibody

to the CD34 surface antigen.

CHIMERIC ANTIGEN RECEPTOR (CAR)

Classical CARs are chimeric type | trans-membrane proteins which connect an extracellular
antigen-recognizing domain (binder) to an intracellular signalling domain (endodomain). The
binder is typically a single-chain variable fragment (scFv) derived from a monoclonal
antibody (mAb), but it can be based on other formats which comprise an antibody-like
antigen binding site or on a ligand for the target antigen. A spacer domain may be
necessary to isolate the binder from the membrane and to allow it a suitable orientation. A
common spacer domain used is the Fc of IgG1. More compact spacers can suffice e.g. the
stalk from CD8a and even just the 1gG1 hinge alone, depending on the antigen. A trans-
membrane domain anchors the protein in the cell membrane and connects the spacer to the

endodomain.

Early CAR designs had endodomains derived from the intracellular parts of either the y chain
of the FceR1 or CD3{. Consequently, these first generation receptors transmitted
immunological signal 1, which was sufficient to trigger T-cell killing of cognate target cells but
failed to fully activate the T-cell to proliferate and survive. To overcome this limitation,
compound endodomains have been constructed: fusion of the intracellular part of a T-cell
co-stimulatory molecule to that of CD3( results in second generation receptors which can
transmit an activating and co-stimulatory signal simultaneously after antigen recognition.
The co-stimulatory domain most commonly used is that of CD28. This supplies the most
potent co-stimulatory signal - namely immunological signal 2, which triggers T-cell
proliferation. Some receptors have also been described which include TNF receptor family

endodomains, such as the closely related OX40 and 4-1BB which transmit survival signals.
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Even more potent third generation CARs have now been described which have

endodomains capable of transmitting activation, proliferation and survival signals.

CAR-encoding nucleic acids may be transferred to T cells using, for example, retroviral
vectors. In this way, a large number of antigen-specific T cells can be generated for
adoptive cell transfer. When the CAR binds the target-antigen, this results in the
transmission of an activating signal to the T-cell it is expressed on. Thus the CAR directs

the specificity and cytotoxicity of the T cell towards cells expressing the targeted antigen.

ANTIGEN BINDING DOMAIN

The antigen-binding domain is the portion of a classical CAR which recognizes antigen.

Numerous antigen-binding domains are known in the art, including those based on the
antigen binding site of an antibody, antibody mimetics, and T-cell receptors. For example,
the antigen-binding domain may comprise: a single-chain variable fragment (scFv) derived
from a monoclonal antibody; a wild-type ligand of the target antigen; a peptide with sufficient
affinity for the target; a single domain binder such as a camelid; an artificial binder single as

a Darpin; or a single-chain derived from a T-cell receptor.

Various tumour associated antigens (TAA) are known, as shown in the following Table 1.
The antigen-binding domain used in the present invention may be a domain which is capable
of binding a TAA as indicated therein.

Table 1

Cancer type TAA

Diffuse Large B-cell Lymphoma CD19, CD20

Breast cancer ErbB2, MUC1

AML CD13, CD33
Neuroblastoma GD2, NCAM, ALK, GD2
B-CLL CD19, CD52, CD160

Colorectal cancer

Folate binding protein, CA-125

Chronic Lymphocytic Leukaemia

CD5, CD19

Glioma

EGFR, Vimentin

Multiple myeloma

BCMA, CD138

Renal Cell Carcinoma

Carbonic anhydrase IX, G250

Prostate cancer

PSMA

Bowel cancer

A33
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TRANSMEMBRANE DOMAIN
The transmembrane domain is the sequence of a classical CAR that spans the membrane.
It may comprise a hydrophobic alpha helix. The transmembrane domain may be derived

from CD28, which gives good receptor stability.

CAR OR TCR SIGNAL PEPTIDE
The CAR or transgenic TCR for use in the present invention may comprise a signal peptide
so that when it is expressed in a cell, such as a T-cell, the nascent protein is directed to the

endoplasmic reticulum and subsequently to the cell surface, where it is expressed.

The core of the signal peptide may contain a long stretch of hydrophobic amino acids that
has a tendency to form a single alpha-helix. The signal peptide may begin with a short
positively charged stretch of amino acids, which helps to enforce proper topology of the
polypeptide during translocation. At the end of the signal peptide there is typically a stretch
of amino acids that is recognized and cleaved by signal peptidase. Signal peptidase may
cleave either during or after completion of translocation to generate a free signal peptide and

a mature protein. The free signal peptides are then digested by specific proteases.

SPACER DOMAIN
The receptor may comprise a spacer sequence to connect the antigen-binding domain with
the transmembrane domain. A flexible spacer allows the antigen-binding domain to orient in

different directions to facilitate binding.

The spacer sequence may, for example, comprise an IgG1 Fc region, an IgG1 hinge or a
human CD8 stalk or the mouse CD8 stalk. The spacer may alternatively comprise an
alternative linker sequence which has similar length and/or domain spacing properties as an
IgG1 Fc region, an IgG1 hinge or a CD8 stalk. A human IgG1 spacer may be altered to

remove Fc binding motifs.

INTRACELLULAR SIGNALLING DOMAIN

The intracellular signalling domain is the signal-transmission portion of a classical CAR.

The most commonly used signalling domain component is that of CD3-zeta endodomain,
which contains 3 ITAMs. This transmits an activation signal to the T cell after antigen is
bound. CD3-zeta may not provide a fully competent activation signal and additional co-
stimulatory signalling may be needed. For example, chimeric CD28 and OX40 can be used

with CD3-Zeta to transmit a proliferative / survival signal, or all three can be used together.

The intracellular signalling domain may be or comprise a T cell signalling domain.
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The intracellular signalling domain may comprise one or more immunoreceptor tyrosine-
based activation motifs (ITAMs). An ITAM is a conserved sequence of four amino acids that
is repeated twice in the cytoplasmic tails of certain cell surface proteins of the immune
system. The motif contains a tyrosine separated from a leucine or isoleucine by any two
other amino acids, giving the signature YxxL/I. Two of these signatures are typically

separated by between 6 and 8 amino acids in the tail of the molecule (YxxL/IXg.g)YXxxL/1).

ITAMs are important for signal transduction in immune cells. Hence, they are found in the
tails of important cell signalling molecules such as the CD3 and {-chains of the T cell
receptor complex, the CD79 alpha and beta chains of the B cell receptor complex, and
certain Fc receptors. The tyrosine residues within these motifs become phosphorylated
following interaction of the receptor molecules with their ligands and form docking sites for

other proteins involved in the signalling pathways of the cell.

The intracellular signalling domain component may comprise, consist essentially of, or
consist of the CD3-¢ endodomain, which contains three ITAMs. Classically, the CD3-(

endodomain transmits an activation signal to the T cell after antigen is bound.

The intracellular signalling domain may comprise additional co-stimulatory signalling. For
example, 4-1BB (also known as CD137) can be used with CD3-, or CD28 and OX40 can be

used with CD3- to transmit a proliferative / survival signal.
Suitably, the CAR may have the general format: antigen-binding domain-TCR element.

As used herein “TCR element” means a domain or portion thereof of a component of the
TCR receptor complex. The TCR element may comprise (e.g. have) an extracellular domain
and/or a transmembrane domain and/or an intracellular domain e.g. intracellular signalling

domain of a TCR element.

The TCR element may selected from TCR alpha chain, TCR beta chain, a CD3 epsilon

chain, a CD3 gamma chain, a CD3 delta chain, CD3 epsilon chain.

Suitably, the TCR element may comprise the extracellular domain of the TCR alpha chain,
TCR beta chain, a CD3 epsilon chain, a CD3 gamma chain, a CD3 delta chain, or CD3
epsilon chain. Suitably, the TCR element may comprise the transmembrane domain of the
TCR alpha chain, TCR beta chain, a CD3 epsilon chain, a CD3 gamma chain, a CD3 delta
chain, or CD3 epsilon chain. Suitably, the TCR element may comprise the intracellular
domain of the TCR alpha chain, TCR beta chain, a CD3 epsilon chain, a CD3 gamma chain,
a CD3 delta chain, or CD3 epsilon chain. Suitably, the TCR element may comprise the TCR
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alpha chain, TCR beta chain, a CD3 epsilon chain, a CD3 gamma chain, a CD3 delta chain,

or CD3 epsilon chain.

TRANSGENIC T-CELL RECEPTOR (TCR)

The T-cell receptor (TCR) is a molecule found on the surface of T cells which is responsible
for recognizing fragments of antigen as peptides bound to major histocompatibility complex
(MHC) molecules.

The TCR is a heterodimer composed of two different protein chains. In humans, in 95% of T
cells the TCR consists of an alpha (a) chain and a beta (B) chain (encoded by TRA and
TRB, respectively), whereas in 5% of T cells the TCR consists of gamma and delta (y/d)

chains (encoded by TRG and TRD, respectively).

When the TCR engages with antigenic peptide and MHC (peptide/MHC), the T lymphocyte

is activated through signal transduction.

In contrast to conventional antibody-directed target antigens, antigens recognized by the
TCR can include the entire array of potential intracellular proteins, which are processed and

delivered to the cell surface as a peptide/MHC complex.

It is possible to engineer cells to express heterologous (i.e. non-native) TCR molecules by
artificially introducing the TRA and TRB genes; or TRG and TRD genes into the cell using a
vector. For example the genes for engineered TCRs may be reintroduced into autologous T
cells and transferred back into patients for T cell adoptive therapies. Such ‘heterologous’

TCRs may also be referred to herein as ‘transgenic TCRs’.

NUCLEIC ACID CONSTRUCT / KIT OF NUCLEIC ACID SEQUENCES
The present invention provides a nucleic acid construct which comprises:

0] a first nucleic acid sequence encoding a releasable protein as defined herein
which may comprise a protein of interest (POIl) and a first protein interaction
domain; and

(i) a second nucleic acid sequence encoding a retention protein, which may
comprise a second protein interaction domain and an intracellular retention
domain;

wherein the first protein interaction domain and second protein interaction domain
are capable of a conditional interaction according to the presence or absence of an
agent; and

(i) a third nucleic acid sequence which encodes a CAR or transgenic TCR.
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The present invention also provides a kit comprising nucleic acid sequences according to the

present invention. For example, the kit may comprise

0] a first nucleic acid sequence encoding a releasable protein as defined herein

which comprises a protein of interest (POI) and a first protein interaction domain; and

(i) a second nucleic acid sequence encoding a retention protein, which may

comprise a second protein interaction domain and an intracellular retention domain;

wherein the first protein interaction domain and second protein interaction domain are

capable of a conditional interaction according to the presence or absence of an agent; and
(iv) a third nucleic acid sequence which encodes a CAR or transgenic TCR.

Suitably, the kit may additionally comprise an agent as defined herein.

LT

As used herein, the terms “polynuclectide”, “nucleotide”, and “nucleic acid’ are intended to

be synonymous with each other.

Suitably, the nucleic acid construct may comprise a plurality of nucleic acid sequences which
encode components of the invention such as a POI, first and second protein interaction
domains, an intracellular retention domain and a CAR or transgenic TCR provided by the
present invention. For example, the nucleic acid construct may comprise two, three, four or
more nucleic acid sequences which encode different components of the invention. Suitably,
the plurality of nucleic acid sequences may be separated by co-expression sites as defined

herein.

It will be understood by a skilled person that numerous different polynucleotides and nucleic
acids can encode the same polypeptide as a result of the degeneracy of the genetic code. In
addition, it is to be understood that skilled persons may, using routine techniques, make
nucleotide substitutions that do not affect the polypeptide sequence encoded by the
polynucleotides described herein to reflect the codon usage of any particular host organism
in which the polypeptides are to be expressed. Suitably, the polynucleotides of the present
invention are codon optimised to enable expression in a mammalian cell, in particular a

cytolytic immune cell as described herein.

Nucleic acids according to the invention may comprise DNA or RNA. They may be single-
stranded or double-stranded. They may also be polynucleotides which include within them
synthetic or modified nucleotides. A number of different types of modification to

oligonucleotides are known in the art. These include methylphosphonate and
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phosphorothioate backbones, addition of acridine or polylysine chains at the 3' and/or 5'
ends of the molecule. For the purposes of the use as described herein, it is to be
understood that the polynucleotides may be modified by any method available in the art.
Such modifications may be carried out in order to enhance the in vivo activity or life span of

polynucleotides of interest.

The terms “variant”, “homologue” or “derivative” in relation to a nucleotide sequence include
any substitution of, variation of, modification of, replacement of, deletion of or addition of one

(or more) nucleic acid from or to the sequence.

CO-EXPRESSION SITE
A co-expression site is used herein to refer to a nucleic acid sequence enabling co-
expression of nucleic acid sequences encoding the releasable protein and the retention

protein of the present invention.

Suitably, there may be a co-expression site between the first nucleic acid sequence and the
second nucleic acid sequence. Suitably, there may be a co-expression site between the
nucleic acid sequence encoding a releasable protein and the nucleic acid sequence
encoding a retention protein and the nucleic acid sequence which encodes the CAR or

transgenic TCR.

The co-expression site may be a sequence encoding a cleavage site, such that the
engineered polynucleotide encodes the enzymes of the transgenic synthetic biology pathway
joined by a cleavage site(s). Typically, a co-expression site is located between adjacent
polynucleotide sequences which encode separate enzymes of the transgenic synthetic

biology pathway.

Suitably, in embodiments where a plurality of co-expression sites is present in the

engineered polynucleotide, the same co-expression site may be used.

Preferably, the co-expression site is a cleavage site. The cleavage site may be any
sequence which enables the two polypeptides to become separated. The cleavage site may
be self-cleaving, such that when the polypeptide is produced, it is immediately cleaved into

individual peptides without the need for any external cleavage activity.

The term “cleavage” is used herein for convenience, but the cleavage site may cause the
peptides to separate into individual entities by a mechanism other than classical cleavage.
For example, for the Foot-and-Mouth disease virus (FMDV) 2A self-cleaving peptide (see

below), various models have been proposed for to account for the “cleavage” activity:
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proteolysis by a host-cell proteinase, autoproteolysis or a translational effect (Donnelly et al
(2001) J. Gen. Virol. 82:1027-1041). The exact mechanism of such “cleavage” is not
important for the purposes of the present invention, as long as the cleavage site, when
positioned between nucleic acid sequences which encode proteins, causes the proteins to

be expressed as separate entities.

The cleavage site may be a furin cleavage site. Furin is an enzyme which belongs to the
subtilisin-like proprotein convertase family. The members of this family are proprotein
convertases that process latent precursor proteins into their biologically active products.
Furin is a calcium-dependent serine endoprotease that can efficiently cleave precursor
proteins at their paired basic amino acid processing sites. Examples of furin substrates
include proparathyroid hormone, transforming growth factor beta 1 precursor, proalbumin,
pro-beta-secretase, membrane type-1 matrix metalloproteinase, beta subunit of pro-nerve
growth factor and von Willebrand factor. Furin cleaves proteins just downstream of a basic
amino acid target sequence (canonically, Arg-X-(Arg/Lys)-Arg') and is enriched in the Golgi

apparatus.

The cleavage site may be a Tobacco Etch Virus (TEV) cleavage site.

TEV protease is a highly sequence-specific cysteine protease which is chymotrypsin-like
proteases. It is very specific for its target cleavage site and is therefore frequently used for
the controlled cleavage of fusion proteins both in vitro and in vivo. The consensus TEV
cleavage site is ENLYFQ\S (where V' denotes the cleaved peptide bond). Mammalian cells,
such as human cells, do not express TEV protease. Thus in embodiments in which the
present nucleic acid construct comprises a TEV cleavage site and is expressed in a

mammalian cell — exogenous TEV protease must also expressed in the mammalian cell.

The cleavage site may encode a self-cleaving peptide. A ‘self-cleaving peptide’ refers to a
peptide which functions such that when the polypeptide comprising the proteins and the self-
cleaving peptide is produced, it is immediately “cleaved” or separated into distinct and

discrete first and second polypeptides without the need for any external cleavage activity.

The self-cleaving peptide may be a 2A self-cleaving peptide from an aphtho- or a
cardiovirus. The primary 2A/2B cleavage of the aptho- and cardioviruses is mediated by 2A
“cleaving” at its own C-terminus. In apthoviruses, such as foot-and-mouth disease viruses
(FMDV) and equine rhinitis A virus, the 2A region is a short section of about 18 amino acids,

which, together with the N-terminal residue of protein 2B (a conserved proline residue)
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represents an autonomous element capable of mediating “cleavage” at its own C-terminus
(Donelly et al (2001) as above).

“2A-like” sequences have been found in picornaviruses other than aptho- or cardioviruses,
‘picornavirus-like’ insect viruses, type C rotaviruses and repeated sequences within

Trypanosoma spp and a bacterial sequence (Donnelly et al., 2001) as above.

The co-expression sequence may be an internal ribosome entry sequence (IRES). The co-

expressing sequence may be an internal promoter.

VECTOR

The present invention also provides a vector, or kit of vectors which comprises one or more
nucleic acid sequence(s) or nucleic acid construct(s) of the invention. Such a vector may be
used to introduce the nucleic acid sequence(s) or construct(s) into a host cell so that it
expresses a releasable protein, a retention protein and a CAR or transgenic TCR as defined

herein.

Suitably, the vector may comprise a plurality of nucleic acid sequences which encode
different components as provided by the present invention. For example, the vector may
comprise two, three, four or more nucleic acid sequences which encode different of the
invention, such as the POI, the protein interaction domains, the intracellular retention domain
and a CAR or transgenic TCR. Suitably, the plurality of nucleic acid sequences may be

separated by co-expression sites as defined herein.

The vector may, for example, be a plasmid or a viral vector, such as a retroviral vector or a

lentiviral vector, or a transposon based vector or synthetic mRNA.

The vector may be capable of transfecting or transducing a cell.

PHARMACEUTICAL COMPOSITION
The present invention also relates to a pharmaceutical composition comprising an
engineered cytolytic immune cell according to the present invention or a cell obtainable (e.g.

obtained) by a method according to the present invention.
The present invention also provides a pharmaceutical composition comprising, a nucleic acid

construct according to the present invention, a first, second and third nucleic acid sequence

as defined herein; a vector according to the present invention or a first, second and third
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vector as described herein. In particular, the invention relates to a pharmaceutical

composition containing a cell according to the present invention.

The pharmaceutical composition may additionally comprise a pharmaceutically acceptable
carrier, diluent or excipient. The pharmaceutical composition may optionally comprise one
or more further pharmaceutically active polypeptides and/or compounds. Such a formulation

may, for example, be in a form suitable for intravenous infusion.

METHOD OF TREATMENT

The present invention provides a method for treating and/or preventing a disease which
comprises the step of administering an engineered cytolytic immune cell according to the
invention, or obtainable (e.g. obtained) by a method according to the present invention, or a
nucleic acid construct according to the present invention, or a first, second and third nucleic
acid sequence as defined herein; a vector according to the present invention or a first,
second and third vector as described herein (for example in a pharmaceutical composition

as described above) to a subject.

Suitably, the present methods for treating and/or preventing a disease may comprise
administering an engineered cytolytic immune cell according to the present invention (for

example in a pharmaceutical composition as described above) to a subject.

The present invention also provides a method for treating and/or preventing a disease in a
subject which subject comprises cells of the invention, which method comprises the step of
administering an agent to the subject. As such, this method involves administering an agent

to a subject which already comprises cells of the present invention.

Suitably, the present methods for treating and/or preventing a disease may comprise
administering an agent as defined herein to a subject to which the engineered cytolytic

immune cell according to the present invention has been administered.

A method for treating a disease relates to the therapeutic use of the cells of the present
invention. In this respect, the cells may be administered to a subject having an existing
disease or condition in order to lessen, reduce or improve at least one symptom associated

with the disease and/or to slow down, reduce or block the progression of the disease.

The method for preventing a disease relates to the prophylactic use of the cells of the

present invention. In this respect, the cells may be administered to a subject who has not
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yet contracted the disease and/or who is not showing any symptoms of the disease to
prevent or impair the cause of the disease or to reduce or prevent development of at least
one symptom associated with the disease. The subject may have a predisposition for, or be

thought to be at risk of developing, the disease.

The method may involve the steps of:

(i) isolating a cell-containing sample;

(i) introducing the nucleic acid construct according to the present invention, a first, second
and third nucleic acid sequence as defined herein, a vector according to the present
invention or a first, second and third vector as herein to the cell; and

V) administering the cells from (ii) to a subject.

Suitably, the nucleic acid construct, vector(s) or nucleic acids may be introduced by
transduction. Suitably, the nucleic acid construct, vector(s) or nucleic acids may be

introduced by transfection.
Suitably, the cell may be autologous. Suitably, the cell may be allogenic.

The methods provided by the present invention for treating a disease may involve monitoring

the progression of the disease and/or any toxic activity.

Suitably, the method may comprise stopping or reducing the administration of an agent as
defined herein to the subject in order to reduce adverse toxic effects; or the method may
comprise increasing the administration of an agent as defined herein to the subject in order

to increase anti-tumour effects.

The agent may be a small molecule. In some embodiments, the agent may be selected from

minocycline, tetracycline, doxycycline, or an analogue thereof.

The methods provided by the present invention for treating a disease may involve monitoring
the progression of the disease and monitoring any toxic activity and adjusting the dose of the
agent administered to the subject to provide acceptable levels of disease progression and

toxic activity.

“Monitoring the progression of the disease” means to assess the symptoms associated with

the disease over time to determine if they are reducing/improving or increasing/worsening.
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“Toxic activity” relates to adverse effects caused by the cells of the invention following their
administration to a subject. Toxic activities may include, for example, immunological toxicity,

biliary toxicity and respiratory distress syndrome.

As such the dose of the agent administered to a subject, or the frequency of administration,
may be altered in order to provide an acceptable level of both disease progression and toxic
activity. The specific level of disease progression and toxic activities determined to be
‘acceptable’ will vary according to the specific circumstances and should be assessed on

such a basis.

The agent may be administered in the form of a pharmaceutical composition. The
pharmaceutical composition may additionally comprise a pharmaceutically acceptable
carrier, diluent or excipient. The pharmaceutical composition may optionally comprise one
or more further pharmaceutically active polypeptides and/or compounds. Such a formulation

may, for example, be in a form suitable for intravenous infusion.

The present invention provides an engineered cytolytic immune cell according to the present
invention, a nucleic acid construct according to the present invention, a first, second and
third nucleic acid sequence as defined herein, a vector according to the present invention, or
a first, second and third vector according to the present invention for use in treating and/or
preventing a disease. In particular the present invention provides an engineered cytolytic

immune cell of the present invention for use in treating and/or preventing a disease.

The present invention also relates to an engineered cytolytic immune cell according to the
present invention, a nucleic acid construct according to the present invention, a first, second
and third nucleic acid sequence as defined herein, a vector according to the present
invention, or a first, second and third vector according to the present invention in the
manufacture of a medicament for the treatment and/or prevention of a disease. |n particular,
the invention relates to the use of an engineered cytolytic immune cell according to the
present invention in the manufacture of a medicament for the treatment and/or prevention of

a disease.

The disease to be treated and/or prevented by the method of the present invention may be

cancer.
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The cancer may be a cancer such as neuroblastoma, prostate cancer, bladder cancer,
breast cancer, colon cancer, endometrial cancer, kidney cancer (renal cell), leukaemia, lung

cancer, melanoma, non-Hodgkin lymphoma, pancreatic cancer, and thyroid cancer.

The cell of the present invention may be capable of killing target cells, such as cancer cells.
The target cell may be recognisable by expression of a TAA, for example the expression of a

TAA provided above in Table 1. The cancer may be a cancer listed in Table 1.

METHOD OF MAKING A CELL

Engineered cytolytic immune cells of the present invention may be generated by introducing
DNA or RNA coding for the POI, protein interaction domains and intracellular retention
domain as defined herein by one of many means including transduction with a viral vector,
transfection with DNA or RNA.

The cell of the invention may be made by:
(ii) introducing to a cell (e.g. by transduction or transfection) the nucleic acid construct or
vector according to the present invention, or a first, second and third nucleic acid sequence

as defined above, or a first, second and third vector as defined above.

Suitably, the cell may be from a sample isolated from a subject.

METHOD OF CONTROLLING SECRETION
The present invention also provides a method of controlling the secretion of a POI from a

cell.

The method may comprise the steps of:

introducing to a cell a nucleic acid construct according to the present invention, a first,
second and third nucleic acid sequence as defined above; a vector according to the present
invention or a first, second and third vector as defined above and administering the agent as

defined herein to the cell.
The method for controlling the secretion of a POI from a cell, may comprise administering

the agent as defined herein to the engineered cytolytic immune cell according to the present

invention or to a cell obtainable by the method the present invention.
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The present invention further relates to the use of an agent as defined herein, to increase
secretion of a POl from an engineered cytolytic immune cell according to the present

invention.

FURTHER ASPECTS OF THE INVENTION

The following numbered paragraphs relate to further aspects of the present invention.

1. A peptide selected from the following group: ACPGWARAFC (SEQ ID NO: 34);
ACPHWAQAFC (SEQ ID NO: 35); ACPQWAMMFC (SEQ ID NO: 36) and ACPPWAYSFC
(SEQ ID NO: 37).

2. A displaceable binding system which comprises:

a) a domain antibody (dAb) which binds minocycline and has the following
complementarity determining regions: CDR1 having the amino acid sequence GRTFSSYN
(SEQ ID NO: 38), CDR2 having the amino acid sequence ISWSGART (SEQ ID NO: 39);
CDR3 having the amino acid sequence AAGRGWGTEAILDY (SEQ ID NO: 40); and

b) a peptide according to paragraph 1 which binds the dAb and is displaced by
binding of minocycline to the dAb.

3. A chimeric antigen receptor (CAR) system comprising;

(i) a receptor component comprising an antigen binding domain, a transmembrane domain
and a domain antibody (dAb) which binds minocycline and has the following
complementarity determining regions: CDR1 having the amino acid sequence GRTFSSYN
(SEQ ID NO: 38), CDR2 having the amino acid sequence ISWSGART (SEQ ID NO: 39);
CDR3 having the amino acid sequence AAGRGWGTEAILDY (SEQ ID NO: 40); and

(i) an intracellular signalling component comprising a signalling domain and a peptide
selected from the following group: ACPGWARAFC (SEQ ID NO: 34); ACPHWAQAFC (SEQ
ID NO: 35); ACPQWAMMFC (SEQ ID NO: 36) and ACPPWAYSFC (SEQ ID NO: 37) which
binds the dAb of the receptor component;

wherein, binding of the dAb and cyclic peptide is disrupted by the presence of a target
compound, such that in the absence of the target compound, the receptor component and
the signalling component heterodimerize and binding of the antigen binding domain to
antigen results in signalling through the signalling domain; whereas in the presence of the
target compound, the receptor component and the signalling component do not
heterodimerize and binding of the antigen binding domain to antigen does not result in

signalling through the signalling domain.
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4. A chimeric antigen receptor (CAR) system comprising;

() an intracellular signalling component comprising a signalling domain and a domain
antibody (dAb) which binds minocycline and has the following complementarity determining
regions: CDR1 having the amino acid sequence GRTFSSYN (SEQ ID NO: 38), CDR2
having the amino acid sequence ISWSGART (SEQ ID NO: 39); CDR3 having the amino acid
sequence AAGRGWGTEAILDY (SEQ ID NO: 40);

(ii) a receptor component comprising an antigen binding domain, a transmembrane domain
and a peptide selected from the following group: ACPGWARAFC (SEQ ID NO: 34);
ACPHWAQAFC (SEQ ID NO: 35); ACPQWAMMFC (SEQ ID NO: 36) and ACPPWAYSFC
(SEQ ID NO: 37) which binds the dAb of the intracellular signalling component; and

wherein, binding of the dAb and cyclic peptide is disrupted by the presence of a target
compound, such that in the absence of the target compound, the receptor component and
the signalling component heterodimerize and binding of the antigen binding domain to
antigen results in signalling through the signalling domain; whereas in the presence of the
target compound, the receptor component and the signalling component do not
heterodimerize and binding of the antigen binding domain to antigen does not result in

signalling through the signalling domain.

5. A cell which comprises a CAR system according to paragraph 3 or 4.

6. A nucleic acid construct which encodes a CAR system according to paragraph 3 or 4,
which comprises a first nucleic acid sequence encoding the receptor component and a
second nucleic acid sequence encoding an intracellular signalling component.

7. A vector comprising a nucleic acid construct according to paragraph 6.

8. A method for making a cell according to paragraph 5, which comprises transducing

or transfecting a cell with a nucleic acid construct according to paragraph 6 ex vivo.

9. A pharmaceutical composition comprising a plurality of cells according to paragraph

10. A method for treating cancer which comprises the step of administering a

pharmaceutical composition according to paragraph 9 to a subject.
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11. A cell according to paragraph 5 in the manufacture of a pharmaceutical composition

for use in the treatment of cancer.

12. A pharmaceutical composition according to paragraph 9 for use in treating cancer.

13. A method for inhibiting CAR signalling in a cell according to paragraph 5, which

comprises the step of administering minocycline or a derivative thereof to the cell.

14. A method for inhibiting CAR signalling in a subject which comprises a cell according
to paragraph 5, which comprises the step of administering minocycline or a derivative

thereof to the subject.

This disclosure is not limited by the exemplary methods and materials disclosed herein, and
any methods and materials similar or equivalent to those described herein can be used in
the practice or testing of embodiments of this disclosure. Numeric ranges are inclusive of
the numbers defining the range. Unless otherwise indicated, any nucleic acid sequences
are written left to right in 5' to 3' orientation; amino acid sequences are written left to right in

amino to carboxy orientation, respectively.

Where a range of values is provided, it is understood that each intervening value, to the
tenth of the unit of the lower limit unless the context clearly dictates otherwise, between the
upper and lower limits of that range is also specifically disclosed. Each smaller range
between any stated value or intervening value in a stated range and any other stated or
intervening value in that stated range is encompassed within this disclosure. The upper and
lower limits of these smaller ranges may independently be included or excluded in the range,
and each range where either, neither or both limits are included in the smaller ranges is also
encompassed within this disclosure, subject to any specifically excluded limit in the stated
range. Where the stated range includes one or both of the limits, ranges excluding either or

both of those included limits are also included in this disclosure.

It must be noted that as used herein and in the appended claims, the singular forms "a",

"an", and "the" include plural referents unless the context clearly dictates otherwise.

The terms "comprising”, "comprises" and "comprised of' as used herein are synonymous

with "including", "includes" or "containing", "contains", and are inclusive or open-ended and
do not exclude additional, non-recited members, elements or method steps. The terms

"comprising", "comprises" and "comprised of' also include the term "consisting of'.
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The publications discussed herein are provided solely for their disclosure prior to the filing
date of the present application. Nothing herein is to be construed as an admission that such

publications constitute prior art to the claims appended hereto.

The invention will now be further described by way of Examples, which are meant to serve to
assist one of ordinary skill in the art in carrying out the invention and are not intended in any

way to limit the scope of the invention.
EXAMPLES

Example 1 — Generation of peptides which bind to minocycline dAb

A minocycline dAb-Fc was immobilised on beads. The minocycline dAb was encoded by
SEQ ID NO: 8. Phage-peptide colony screening was performed with and without 1uM

minocycline.

Peptide library panning identified peptides with displaceable specificity for a minocycline dAb
encoded by SEQ ID NO: 8. An antibody comprising SEQ ID NO: 13 was used as a control
antibody (the control antibody comprises different CDRs to SEQ ID NO: 8).

Four peptides were identified with displaceable specificity for minocycline dAb. The peptides
are: ACPGWARAFC (SEQ ID NO: 34); ACPHWAQAFC (SEQ ID NO: 35); ACPQWAMMFC
(SEQ ID NO: 36) and ACPPWAYSFC (SEQ ID NO: 37).

The results of binding experiments using each of these peptides are shown in Figure 4.

Example 2 — Controlled secretion of IL12 by KDEL-tagged dAb and minocycline-dissociating
peptide

A platform was generated consisting of a dAb with affinity for minocycline and several
peptides that can bind to the dAb but will dissociate in the presence of minocycline (SEQ ID
NO: 34-SEQ ID NO: 37).

The KDEL amino acid sequence was used to retain proteins within the ER/Golgi apparatus.
The minocycline specific dAb was tagged with the KDEL sequence thus anchoring it within
with the ER/Golgi and a molecule of interest (IL12) is in turn tagged with the peptide with
affinity to the dAb causing its retention. Upon addition of minocycline, the dAb-peptide

complex dissociates enabling secretion of the peptide-tagged molecule.

A set of constructs were designed to test this hypothesis using IL12 fused to the minocycline

peptide mimic. IL12 is both a molecule of interest in its own right due its proliferative effect
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on T-cells and a convenient model of a secreted protein, which can be assayed by ELISA

analysis from cell supernatants.
Method

HEK293T cells were seeded at 3x10° in 96-well plates to achieve confluency of 50-60% for
next day transfection. A transfection master mix was made by adding 30uL of Geneduice
transfection reagent to 470uL plain IMDM and incubating for 5 minutes. For each well,
0.13pg of plasmid DNA was then added to 5.2uL of the IMDM-Genejuice master mix and
incubated for 15 minutes. Transfection mix containing the GeneJuice-DNA complex was

then added to the cells. All incubations were carried out at room temperature.
The following constructs were tested:
. Control (NT): no construct (i.e. background levels of IL12).

. Construct labelled ‘WARA-IL12 + aMinoKDEL’: encoding minocycline peptide mimic
(SEQ ID NO: 34) and Flexi-IL12 (SEQ ID NO: 19) and a minocycline dAB (SEQ ID NO: 8)

with a KDEL sequence.

. Construct labelled ‘WAYS-IL12 + aMinoKDEL’: encoding minocycline peptide mimic
(SEQ ID NO: 37) and Flexi-IL12 (SEQ ID NO: 19) and a minocycline dAB (SEQ ID NO: 8)

with a KDEL sequence.

. Construct labelled ‘WARA-IL12 + aMino’: encoding minocycline peptide mimic (SEQ
ID NO: 34) and Flexi-IL12 (SEQ ID 25 NO: 19) and a minocycline dAB (SEQ ID NO: 8)

without a KDEL sequence.

. Construct labelled ‘WAYS-IL12 + aMino’: encoding minocycline peptide mimic (SEQ
ID NO: 37) and Flexi-IL12 and a minocycline dAB (SEQ ID NO: 8) without a KDEL

sequence.

48 hours post transfection, sacrificial wells containing transfected cells were tested for
transfection efficiency by staining cells using FITC anti-HA antibody (Biolegend, 901507).
Upon confirmation of transfection, culture media was removed from cells and fresh media
supplemented with minocycline at varying concentrations was added. 2 and 4 hours post
minocycline addition, IL12 ELISA was carried out following manufacturer's instructions
(BioLegend, 431704)

Results
All results were normalised using IL12 standard curve as provided as part of the ELISA kit.
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The results (shown in Figure 5) show that IL12 secretion is not affected by presence of the
peptide tag due to its high expression. Non Transduced cells produced no IL12 under any
conditions or time point removing the need to calculate and subtract IL12 background and

showing there was minimal noise in the assay.

IL12 fused to the two peptides WARA SEQ ID NO: 34 (high affinity) and WAYS SEQ ID NO:
37 (low affinity) in the presence of KDEL anchored minocycline dAb show a concentration

dependent increase of IL12 secretion from 0 uM to 100uM at all time points.
Example 3 — /In vitro testing of control of secretion by retention

T-cells are transduced to express a CD19 CAR, CD19CAR-2A-flexilL-12 (which provides
constitutive expression of IL-12) and CD19CAR-2A-TiP-FlexilL12-2A-S-TetR-sekdel (which
provides tuneable expression of IL-12). The T-cells are cultured in different concentrations of
minocycline. Supernatant is harvested after 48 hours and IL-12 is quantified using an

enzyme-linked immunosorbent assay (ELISA).

The functional properties of the different CAR T-cells are quantified using standard co-
culture methods with CD19 targets and their function determined by flow-cytometry and

cytokine release in the presence of different concentrations of minocycline.

Example 4 — /n vivo testing of control of secretion by retention

NOD scid gamma (NSG) mice are engrafted with Raji cells by tail-vein injection. T-cells as
transduced in Example 1 are administered to the mice via tail-vein injection. As well as
receiving different CAR T-cells, mice are further split into cohorts which receive different
concentration of minocycline by intraperitoneal injection. Mice are bled via tail vein injection

and serum IL-12 is quantified using ELISA.

All publications mentioned in the above specification are herein incorporated by reference.
Various modifications and variations of the described methods and system of the invention
will be apparent to those skilled in the art without departing from the scope and spirit of the
invention. Although the invention has been described in connection with specific preferred
embodiments, it should be understood that the invention as claimed should not be unduly
limited to such specific embodiments. Indeed, various modifications of the described modes
for carrying out the invention which are obvious to those skilled in molecular biology or

related fields are intended to be within the scope of the following claims.
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CLAIMS

1. An engineered cytolytic immune cell comprising:
i) a releasable protein which comprises a polypeptide of interest (POI) and a first
interaction domain; and
ii) a retention protein which is retained within an intracellular compartment of the cell
and comprises a second interaction domain which binds to the first protein interaction
domain,
wherein binding between the first protein interaction domain and second protein
interaction domain is disrupted by the presence of an agent, such that in the absence
of the agent, the first protein interaction domain and second protein interaction
domain bind and result in retention of the POI within an intracellular compartment;
whereas in the presence of the agent, the first protein interaction domain and second
protein interaction do not bind and the POI is released from the intracellular
compartment and expressed at the cell surface or secreted by the cell.

2. An engineered cytolytic immune cell according to claim 1, wherein in the presence of
the agent, the POl is exported to and expressed at the cell surface.

3. An engineered cytolytic immune cell according to claim 1, wherein in the presence of
the agent, the POl is secreted by the cell.

4. An engineered cytolytic immune cell according to any preceding claim, wherein
binding between the first protein interaction domain and the second protein
interaction domain is disrupted by the agent binding competitively to one of the first

protein interaction domain or the second protein interaction domain.

5. An engineered cytolytic immune cell according to any preceding claim, wherein
binding between the first protein interaction domain and the second protein
interaction domain is disrupted by the agent binding to one of the first protein
interaction domain or the second protein interaction domain with higher affinity than
the interaction between the first protein interaction domain and the second protein

interaction domain.
6. An engineered cytolytic immune cell according to any one of claims 1-5, wherein one

of the first protein interaction domain or the second protein interaction domain
comprises a Tet Repressor Protein (TetR) or a variant thereof and the other of the
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7.

8.

9.

first protein interaction domain or second protein interaction domain comprises a
TetR inducing Peptide (TiP) or a variant thereof and the agent is selected from
tetracycline, doxycycline, minocycline or an analogue thereof.

An engineered cytolytic immune cell according any of claims 1 to 5, wherein one of
the first protein interaction domain or the second protein interaction domain is a

peptide mimic of the agent.

An engineered cytolytic immune cell according to claim 6, wherein one of the first or
second protein interaction domains is a peptide mimic of the agent and the other of
the first or second protein interaction domain is capable of binding the agent and the
peptide mimic wherein the protein interaction domain binds the peptide mimic at a
lower affinity than it binds the agent.

An engineered cytolytic immune cell according to claim 7 or claim 8, wherein one of
the first or second protein interaction domains comprises an antibody, a single
domain antibody (sdAb), a VHH/nanobody, a nanobody, an affibody, a fibronectin
artificial antibody scaffold, an anticalin, an affilin, a DARPin, a VNAR, an iBody, an
affimer, a fynomer, a domain antibody (DAb), an abdurin/ nanoantibody, a centyrin,
an alphabody or a nanofitin which is capable of binding the agent and the other of the
first or second protein interaction domains is a peptide mimic of the agent.

10. An engineered cytolytic immune cell according to claim 7 or claim 8, wherein one of

the first or second protein interaction domains is a peptide which mimics minocycline
and the other of the first or second protein interaction domains is a VHH which binds
minocycline and the agent is selected from minocycline, tetracycline, doxycycline, or
an analogue thereof.

11. An engineered cytolytic immune cell according to any preceding claim, wherein the

agent is a small molecule.

12. An engineered cytolytic immune cell according to any preceding claim wherein the

intracellular retention domain is a golgi retention domain, preferably selected from the
group comprising: a SEKDEL(SEQ ID NO: 28) sequence, a KDEL (SEQ ID NO: 29)
sequence, a KKXX (SEQ ID NO:30) motif, a KXKXX (SEQ ID NO: 31) motif, a tail of
adenoviral E19 protein comprising the sequence KYKSRRSFIDEKKMP (SEQ ID
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13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

NO:32), or a fragment of HLA invariant chain comprising the sequence
MHRRRSRSCR (SEQ ID NO:33).

An engineered cytolytic immune cell according to any one of claims 1 to 11, wherein
the intracellular retention domain is an endoplasmic reticulum retention domain,

preferably selected from Ribophorin I, Ribophorin II, SEC61 or cytochrome b5.

An engineered cytolytic immune cell according to any preceding claim, wherein the
intracellular retention domain is located at the C-terminus or the N-terminus of the

retention protein.

An engineered cytolytic immune cell according to any preceding claim, wherein the

POl is an immune system modulator.

An engineered cytolytic immune cell according to any preceding claim, wherein the
POl is a cytokine or chemokine.

An engineered cytolytic immune cell according to claim 16, wherein the cytokine or
chemokine is regulated by a Nuclear factor of activated T-cells (NFAT) response

element.

An engineered cytolytic immune cell according to claim 16 or claim 17, wherein the
POl is selected from: IL12, flexilL12, GM-CSF, IL7, IL15, IL21 and CCL19.

An engineered cytolytic immune cell according to any of claims 1 to 17, wherein the
POl is an antibody, antibody fragment or dAb.

An engineered cytolytic immune cell according to any of claims 1 to 17, wherein the
POl is a toxin.

An engineered cytolytic immune cell according to any preceding claim, wherein the
POl is a secreted protein.

An engineered cytolytic immune cell according to any one of claims 1 to 20, wherein
the POI is a membrane protein (e.g. a cell surface membrane protein or plasma

membrane protein).
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23. An engineered cytolytic immune cell according to any preceding claim, wherein the
releasable protein comprises two or more POls.

24. An engineered cytolytic immune cell according to any preceding claim, wherein the
cell is an alpha-beta T cell, a NK cell, a gamma-delta T cell, or a cytokine induced
killer cell.

25. An engineered cytolytic immune cell according to any preceding claim, wherein the
cell further comprises a chimeric antigen receptor (CAR) or transgenic T cell receptor
(TCR).

26. A nucleic acid construct which comprises:
(i) a first nucleic acid sequence encoding a releasable protein as defined in any one
of claims 1 to 25;
(ii)y a second nucleic acid sequence encoding a retention protein as defined in any
one of claims 1 to 25; and
(iii) a third nucleic acid sequence which encodes a CAR or transgenic TCR.

27. A Kit of nucleic acid sequences comprising:
(i) a first nucleic acid sequence encoding a releasable protein as defined in any one
of claims 1 to 25;
(ii)y a second nucleic acid sequence encoding a retention protein as defined in any
one of claims 1 to 25; and
(iii) a third nucleic acid sequence which encodes a CAR or transgenic TCR.

28. A vector which comprises a nucleic acid construct according to claim 26.

29. A kit of vectors comprising:
i) a first vector which comprises a first nucleic acid sequence encoding a releasable
protein as defined in any one of claims 1 to 25;
(i) a second vector which comprises a second nucleic acid sequence encoding a
retention protein as defined in any one of claims 1 to 25; and
(iii) a third vector which comprises a third nucleic acid sequence which encodes a
CAR or transgenic TCR.

30. A method for making an engineered cytolytic immune cell according to any of claims
1 to 25, which comprises the step of introducing to a cytolytic immune cell a nucleic
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31.

32.

33.

34.

35.

36.

37.

38.

acid construct according to claim 26, a first, second and third nucleic acid sequence
as defined in claim 27; a vector according to claim 28 or a first, second and third
vector as defined in claim 29.

A method for controlling the secretion of a POI from a cell, which comprises the steps
of: introducing to a cell a nucleic acid construct according to claim 26, a first, second
and third nucleic acid sequence as defined in claim 27; a vector according to claim
28 or a first, second and third vector as defined in claim 29 and administering the
agent as defined in any one of claims 1 to 25 to the cell.

A method for controlling the secretion of a POI from a cell, which comprises
administering the agent as defined in any one of claims 1 to 25 to the engineered
cytolytic immune cell according to any one of claims 1 to 25 or to a cell obtainable by
the method of claim 30 or claim 31.

A method according to any of claims 30 to 32, wherein the cell is from a sample
isolated from a subject.

A pharmaceutical composition which comprises an engineered cytolytic immune cell
according to any one of claims 1 to 25, a nucleic acid construct according to claim
26, a first, second and third nucleic acid sequence as defined in claim 27, a vector
according to claim 28, a first, second and third vector as defined in claim 29.

A pharmaceutical composition which comprises a cell according to any of claims 1 to
25 or a cell obtainable by a method according to any of claims 30 to 32.

A pharmaceutical composition according to claim 34 or 35 for use in treating and/or
preventing a disease.

A method for treating and/or preventing a disease, which comprises the step of
administering a pharmaceutical composition according to claim 34 or 35 to a subject
in need thereof.

A method for treating and/or preventing a disease, which comprises the step of
administering the agent as defined in any one of claims 1 to 25 to a subject to which
the engineered cytolytic immune cell according to any one of claims 1 to 25 has been
administered.
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39.

40.

41.

42,

43.

44,

45.

46.

A method according to claim 37, which comprises the following steps:

(i) isolation of a cell containing sample;

(i) introduction of the nucleic acid construct according to claim 25, a first, second and
third nucleic acid sequence as defined in claim 26, a vector according to claim 27 or
a first, second and third vector as defined in claim 28 to the cell; and

(iii)y administering the cells from (ii) to a subject.

The method according to claim 39, wherein the nucleic acid construct or vector is
introduced by transduction or transfection.

The method according to claim 37 to 40, wherein the cell is autologous.

The method according to claim 37 to 40, wherein the cell is allogenic.

A method according to any one of claims 37 to 42 which comprises monitoring toxic
activity and/or anti-tumour activity in the subject and optionally further comprises the
step of: stopping or reducing the administration of an agent as defined in any one of
claims 1 to 25 to the subject in order to reduce adverse toxic effects; or increasing
the administration of an agent as defined in any one of claims 1 to 25 to the subject

in order to increase anti-tumour effects.

The use of a pharmaceutical composition according to claim 34 or 35 in the

manufacture of a medicament for the treatment and/or prevention of a disease.
The pharmaceutical composition for use according to claim 36, the method according
to any of claims 37 to 43, or the use according to claim 44 wherein the disease is

cancer.

Use of an agent as defined in any one of claims 1 to 25, to increase secretion of a
POI from an engineered cytolytic immune cell according to any one of claims 1 to 25.
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