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ABSTRACT

The invention relates to protein-bascd 'T-cell receptor knockdown. and 1ts use i 1 -

ccll therapies.
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PROTEIN-BASED T-CELL RECEPTOR KNOCKDOWN

Field of the invention

The invention relates to protein-based T-cell receptor knockdown, and its use 1n -

cell therapices.

Backeround to the invention

Chimeric antigen receptor (CAR) T-cells graft the specificity of a monoclonal
antibodyv (mAD) to a T-cell (Pule, M., Finney, H. & L.awson, A. Artiticial T-cell receptors.
Cytotherapy 5, 211-226 (2003)). CAR T-cells arc usually autologous — 1.e. they are
cenerated from the patient’s own lymphocytes. This 1s effective and simple but has a
number of limitations: (1) it may be difficult or impossible to generate a product from
patient’s own lymphocytes due to insufficient quantity or quality of lymphocytes
consequent to discase or chemotherapy; (2) there may be insufficient time to generate an
autologous CAR T-cell product duc to the tempo of the patient’s illness; and (3)
autologous production requires a bespoke product to be manufactured for each patient
which makes manufacture costly.

An alternative approach 1s to generate “off-the-shelt™ CAR T-cells from healthy
donor lymphocytes. Cord blood lymphocytes arc a particularly convenient source of donor
lymphocytes for off-the-shelf CAR T-cell production. Using the off-the-shelf approach,
production of the CAR T-cell product 1s independent of the patient. Furthermorce, if the
manufacturing process lends ttself to economics of scale, the off-the-shelf approach may
advantageously reduce the cost of production of the CAR T-cell product.

Given the wide variability of human leukocyte antigen (HILLA) types, it s very
likely that any off-the-shell CAR T-cell product will be completely HLA-mismatched from
the recipient. It 1s simply not feasible to have a HLA-matched, oft-the-shelt CAR 'T-ceil
product ready for every recipicnt in nced thereof. This HLA mismatch i1s associated with
its own technical challenges, in particular graft versus-host discase (GVHD). In GVHD,
that native T-cell receptor (TCR) of T-cells in donated tissue (the “graft™) recognise
antigens in the recipient (the “*host™) as toreign. Thus, transplanted 'T-cells attack host cells
and tissues, causing damage to the host organs. Acute or fulminant GVHD, which

normally occurs within the first 100 days tollowing transplant, is associated with
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significant morbidity and mortality. Chronic GVHD, which normally occurs after 100
days [ollowing transplant, adversely influences long-term survival.

GVHD typically occurs in the setting of allogeneic hacmatopoietic stem cell
transplantation (HSCT). in which the donor and recipient are fully or partially HILA-

5 matched. In the off-the-shelt CAR T-cell approach, the CAR T-cell product and the
recipient are completely HLLA-mismatched. When the donor and recipient are not
matched, more severe type of GVHD known as ““transfusion-associated GVHD™ (TA-
GVHD) occurs.

[n order to be of widespread utility, an off-the-shelt CAR T-cell product must

10 cause, at most, a minimal amount of GVHD when administered to a HLLA-mismatched
recipient. Current approaches to attenuating the ability of HLA-mismatched CAR T-cells
to cause GVHD mvolve editing the genome of the CAR T-cells to disrupt native TCR
expression, using zinc finger nucleases (ZFNs), transcription activator-like effector
nucleases (IALLNS), or the clustered regularly interspaced short palindromic repeats

15> (CRISPR)/Cas system. These genome editing methods can disrupt a gene, entirely
knocking out all of its output. However, several problems are associated with thesc
genome cediting approaches. Firstly, the genes required for these approaches typically have
to be delivered separately to CAR T-cells during their production, for instance by
clectroporation with synthetic mRNA. Consequently, the resultant disruption or

20 knockdown of the native TCR in the T-cell is not linked to CAR expression. This means
that sorting for CAR-expressing T-cells does not necessarily also sort for T-cells
cxpressing the genome editing genes required to disrupt native TCR expression. Likewise,
sorting for expression of genome editing genes does not necessarily sort for CAR-
expression. Therefore, to obtain CAR T-cells suitable for use in an off-the-shelf product. it

s necessary to perform two different sorting steps, one to select for CAR-expressing T-

[\
A

cells and one to select for T-cells expressing the genome editing genes. Secondly. ZFNs,
TALENS and CRISPR/Cas can all introduce off-target gene disruptions and cause
unwanted translocations.

An improved method of disrupting the expression of the native TCR in CAR T-

50 cells 1s therefore required.
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Summary of the invention

This mmvention relates to a novel mechanism by which to disrupt surface expression
of the native TCR in T-cells, such as CAR T-cells. The mechanism emploved in the
invention 1s not associated with the disadvantages currently experienced with the existing,
genome editing approaches to disruption of the native T'-cell receptor.

The inventors have surprising found that a molecule comprising a binding portion
comprising a binding domain which binds to one or more components of TCR/CID3
complex, and a retention portion comprising a retention domain that retains the one or
more components within the endoplasmic reticulum (ER) or Golgl apparatus may be uscd
to disrupt the expression of native TCR on the surface of a T-cell. By disrupting the

surface expression of native TCR, the capacity ot the T-cell to cause GVIHD followin

o
transter to a HLA-mismatched patient 1s reduced or completely eliminated. Thus., the
present ivention refates the provision of “universal™ therapeutic T-cell, such as a CAR T-
cell, for inclusion in an off-the-shelf immunotherapy product.

In the following description, references to expression of native TCR refer to surface
cxpression of functional TCR/CD3 complex.

When the T-cell 1s a CAR T-cell, the CAR and the molecule which disrupts
cxpression of the native TCR may be introduced to the T-cell together, using a nucleic acid
construct that comprises a first nucleic acid sequence encoding the molecule and a sccond
nucleic actd scquence encoding the CAR. As set out in detatl below, the first and second
nucleic acid sequences may be linked by a nucleic acid sequence that allows the molecute
and the CAR to be processed as separate, unfused protein products. In this way,
expresston of the molecule may be linked to expression of the CAR. Thus, sorting for
CAR-expressing T-cells also sorts for T-cells expressing the molecule that disrupts native

TCR expression. Likewise, sorting for expression of the molecule that disrupts native

TCR expression also sorts for CAR-expression. Therefore, only one sorting step 1s

required to obtain CAR T-cells suitable for use in an off-the-shelf product.

Accordingly, the invention provides a molecule which disrupts the expression of
native TCR m a 'T-cell, which molecule comprises a binding domain which binds to onc or
more components of TCR/CD3 complex. and a retention portion comprising a retention
domain that retains the onc or more components within the EER or Golgi apparatus.

The invention also provides:

(s
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a nucleic acid sequence encoding a molecule of the invention, comprising a nucleic
acid scquence encoding a binding portion comprising a binding domain which
binds to one or more components of the TCR/CD3 complex, and a retention portion
comprising a retention domain that retains the onc or more components within the
.R or Golgl apparatus;

a nuclcic acid construct comprising a first nucleic acid sequence of the invention,
and a second nucleic acid sequence which encodes a chimeric antigen receptor
(CAR);

a nucleic acid construct comprising a tirst nucleic actd sequence of the invention.
and a sccond nuclerc acid sequence which encodes a suicide gene:

a veetor comprising the nucleic actd sequence of the invention or a nucleic acid
construct of the invention:

a mcthod for producing a T-cell expressing a molecule of the invention,
comprising: transtecting or transducing a T-cell with a nucleic acid sequence of the
(nvention or a nucleic acid construct of the invention; and expressing the molecule
i the T-cell:

a T-cell comprising (a) a nucleic acid scquence of the invention or a nucleic acid
construct of the invention., or (b) a vector of the invention:

a method for reducing or completely climinating expression of native TCR ina |-

cell, comprising (a) providing a nucleic acid sequence of the invention or a nucleic
acid construct of the mvention, or a vector encoding the nucleic acid secquence or
nucleie acid construct; (b) transfecting or transducing the T-cell with the nucleic
acid sequence. nucleic acid construct or vector; and (¢) expressing the molecule in
the T-cell;

a mcthod for producing a T-cell having reduced or completely eliminated
expression of native TCR, comprising (a) providing a T-cell; (b) transfecting or
transducing the 'T-cell with a nucleic acid sequence of the invention or a aucleic
acid construct of the invention. or a vector encoding the nucleic acid seqguence or
nucicic acid construct; and (¢) expressing the molecule in the T-ccll;

a method of reducing or preventing graft versus host disease (GVHD) in a patient
assoctated with the administration of one or morec CAR T-cells to the patient.

comprising (a) transtecting or transducing the one or more CAR T-cells with a
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nucleic acid sequence of the mvention or a nucleic acid construct of the mventron,
or a vector encoding the nucleic acid sequence or nucleic acid construct; and (b)
administering the CAR 'T-ccells to the patient;

- amecthod of reducing or preventing GVHD tn a patient associated with the

transfusion of one or more CAR T-cclls to the patient. comprising (a) eenerating

L/

the onc or more CAR 'T-cells by transtecting or transducing onc or more I'-cells

with a nucleic acid construct comprising a first nucleic acid sequence of the

mvention and a second nucleic acid sequence which encodes a chimerie antigen

receptor, or a vector encoding the nucleic acid construct; and (b) administering the
| () CAR T-cells to the patient;

- a mcthod of reducing or preventing GVHD 1n a patient associated with the
transfusion of one or more CAR "[-cells to the patient, comprising (a) producing
onc or more T-cells expressing a molecule of the invention by (1) providing onc or
more I-cetls; (1) transfecting or transducing the one or more T-cclls with a nucleic

» actd scquence of the mvention or a nucleic acid construct comprising a first nucleie
acid sequence of the mmvention and a sccond nucleic actd sequence which encodes a
suictde gene, or a vector encoding the nuclete acid sequence or nucleic acid
construct; and (i1i) expressing the molecule in the one or more T-cells; (b)
converting the one or more ‘I'-cells into one or more CAR T-cells by transfecting or

20 transducing the one or more T-cells with a construct encoding a CAR and
expressing the CAR; and (¢) administering the CAR T-cells to the paticnt:

- anuclerc acid sequence of the invention or a nucleic acid construct comprising a
first nucleic acid sequence of the invention and a second nucleic acid scquence

which encodes a suicide gene for use in a method of reducing or preventing GVHID

| J
£

N a patient associated with the administration of onc or more CAR T-cells to the
paticnt, the method comprising (a) transiecting or transducing the onc or more
CAR T-cells with the nucleic acid sequence or nucleic acid construct and (b)
administering the CAR T-cells to the patient;
- anucleic acid construct comprising a first nucleic acid sequence of the invention
30) and a second nucleic acid scquence which encodes a chimeric antigen receptor for
use in a mcthod of reducing or preventing GVHD in a patient associated with the

administration of one or more CAR T-cells to the paticnt. the method comprising

¥
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(a) generating the one or more CAR T-cells by transfecting or transducine one or
more |-cells with the nucleic acid construct and (b) administering the CAR T-cells
to the patient;

- use of anucleie acid sequence of the invention or a nucleic acid construct
comprising a first nucleic acid sequence of the invention and a second nucleice acid
sequence which encodes a suicide gene in the manufacture of a medicament for the
lreatment of cancer or an autoimmune condition. wherein the medicament
comprises onc or more CAR T cells transfected or transduced with the nucleic acid
sequence or nucleic acid construct.

- usc ot a nuclerc acid construct comprising a first nucleic acid sequence of the
invention and a second nucleic acid scquence which encodes a chimeric antigen
receptor in the manufacture of a medicament for the treatment of cancer or an
autoimmune condition. wherein the medicament comprises one or more CAR
cells transtected or transduced with the nucleic acid construct:

- amcthod of treating a discasc in a patient in need thercof. comprising administering
to the patient a therapeutically cifective number of CAR T-cells expressing «
moleccule of the invention: and

- CAR T-cells expressing a molecule of the invention, for use in a method of treating
a diseasc in a patient in nced thercof, the method comprising administering to the

paticnt a therapeutically cffective number of cells.

Description of the Figures

Fieure 1. Peripheral blood T-cells transduced with OKT3 and BMAQ3 ] based
sckdel constructs. Some knock-down of both transduced and non-transduced populations
arc scen. Anti-C'TLA4 sekdel 1s used as a control.

Figure 2. Annotated sequence for SS-UCHTT-KDIEL.

Figure 3. (a) structure of S-UCHT I-sekdel; (b) Mechanism of activity

Figure 4. (a) TCR negative Jurkats and (b) wt Jurkats transduced with S-UCHT'] -
sckdel. Marker gene (eBFP2) is shown on the x-axis. Transduced cells (i.c. eBFP2 cells)
arc ['CR negative.

Figure 5. Peripheral blood from two normal donors are transduced with $-UCH T -

sekdel.
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Figure 6. VI and VL scequences for UCHTT and Jovi. 1. CDRs are shown in bold

and highlighted.

Detailed Description of the Invention

A

It 15 to be understood that different applications of the disclosed products and
mcthods may be tailored to the specitic needs in the art. It is also to be understood that the
terminology used hercin is for the purposc of describing particular embodiments of the
invention only, and is not intended to be limiting.

In addition, as used in this spectfication and the appended claims. the singular

ol

10 forms ~a”, man”, and “the™ include plural referents unless the content clearly dictates

-

otherwise. Thus, for example. reference to a molecule™ includes “molecules™, reference to
“a b-cell” meludes two or more such T-cells, reference to *a component™ includes two or
more such components. and the like.

All publications. patents and patent applications cited herein, whether supra or

Wy

infra. arc hereby incorporated by reference in their entirety.

Molecule of the Invention

T'he present invention provides a molecule which disrupts the expression of native
TCR ma T-cell. which molecule comprises a binding domain which binds to one or more
20 components of the TCR/CD3 complex. and a retention portion comprising a retention
domain that retains the one or more components within the ER or Golgi apparatus.

Disruption of the expression of the native TCR refers to changing the amount of
expression of native TCR on the surface of the T-cell. Preferably. the expression of native

TCR s reduced or completely eliminated. A T-cell having reduced expression of native

[~J
LA

T'CR has a reduced amount of native TCR on its surface. A T-cell with completely
climinated expression of native TCR has no native 'TCR on its surface.

Vcthods for determining surface expression of native TCR are known in the art.
For nstance, T-cells surface-stained (i.c. stained without a permeablisation step) with an
antibody or other molecule that binds to the TCR may be analysed by flow cviometry or
30 tluorescence microscopy. Using tlow cytometry. reduction in the mean fluorescence
intensity (MED) of TCR surface-staining in study T-cells compared to control T-cells

Indicates a reduction in surface expression of native TCR. For instance. the MIF! (and thus
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surface expression) may be reduced by up to 100%, such as up to 99%, up to 93%, up 1o
93%. up 1o 90%. up to 85%. up to 0%, up to 73%, up to 70%, up to 60%. up 10 S0%, up
to 40%. or up to 25%, in study '1-cclls compared to control 'T'-cells. "T'he absence of native
TCR expression is indicated by the absence of surface-staining for the native TCR (i.¢. by
an MI'T cquivalent or simtlar to that ot a ncgative control samplc).

The TCR/CD3 complex. otherwise known as the 'T-cell receptor complex, 1s a
multimeric complex on the T-cell surface whose activation lcads to the activation of the 'I-
cell. The complex comprises (1) TCR, (1) CD3 'I-cell co-receptor. As set out below, the
TCR comprises atpha (o) and beta (3) chains. The CD3 T-cell co-receptor comprises a
CD3-gamma (CD3y) chain. a CD3-delta (CD30) chain, two CD3-epsilon (CD3¢) chains
and two zeta-chain (C-chaimn) accessory molecules.

TCRs allow for the antigen-spectfic activation of ‘I'-cells. Every T-cell expresses
clonal TCRs which recognize specific peptide/MHC complex during physical contact
between T-cell and antigen-presenting cell-APC (via MHC class [1) or anv other cell tvpe
(via MHC class 1). The TCR 1s a disultide-linked membranc-anchored heterodimeric
protein normally consisting of the highly variable alpha (o) and beta ([3) chains. l-ach
chatn of the TCR comprises two extracellutar domains: a variable (V) rcgion and a
constant (C) region, both of immunoglobulin superfamily (I1gSF) domain formine
antiparallet B-shecets. The constant region s proximal to the cell membrane. followed by a
transmembrane regron and a short cytoplasmic tail, while the variable region binds to the
peptide/MHC complex. The variable domain of the T'CR a-chain and the TCR {3-chain
cach have three hypervariable or complementarity determining regions (CIDRs). that
contribute to the TCR’s specificity for a particular peptide/MHC complex. The variable
rcgion of the B-chain also has an additional arca of hypervariability (HV4) that docs not
normaily contact antigen.

CD3> s required for the antigen-specttic activation of T-cells. In particular, CD3
links antigen recognition by the TCR with intraccllular signalling events downstream of
the TCR T3 zeta-chain, CD3 1s a protein complex comprising six distinct chains, In
mammals. CD3 comprises a CD3-gamma (CD3y) chain, a CD3-dclta (CID30) chain. two
CD3s-cpsilon (CD3¢g) chains and two zeta-chain (C-chain) accessory molecules. The CD3-
camma, CD3-delta and CD3-epsilon chains are highly related cell-surtace proteins of the

immunoglobulin superfamily comprising a single extracellular immunoglobulin domain.
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The transmembrane region of the CD3 chains is negatively charge, allowing the chamns to

associated with TCR chains, which are positively charged. The zeta-chain (also known as

T-cell surface glycoprotein CD3 zeta-chain or CD247) plays an important role i coupling

antigen recognition to several intracellular signal-transduction pathways. Low expression
of the zeta-chain results i an impaired immune response.

Accordingly. TCR/CD3 normally compriscs several components: TCR -chain,
T'CR 3-chain, CD3-gamma chain, CD3-dclta chaimn, two CD3-epstlon chains, and two
CID3- zeta-chains. The molecule of the invention binds to onc or more of these
components. For example, the molecule of the invention may bind to two or more, three or
more. four or more, five or more. or six or more of these components. When the molecule
binds to two or more of (1) TCR a-chain. (i1) TCR PB-chain, (1i1) CD3-gamma chain, (1v)
CD3-delta chain. (v) CD3-cpsilon chain, and (v) zcta-chain, it may bind these components
in any combination, i.¢. (L,11): (Lith): (Liv): (Lv): (v (i) (1L,1v): (1Lv): (Tv): (T ).
(HLV); (HLvi): (vov): (vavi): (vovi)s (L) (Li,1v); (Lnv); (LIvie); (LiLv); (R1Lv);
(LT vi): (Livav): (Livovi): (Lvovi): (i iv): (i v); (i vi)s (Livav)s (v, vi): (1Lvevi):
(i 0v.v): (v, v (T vavi); (v, vavi)s (LiLiav); (L v); (L, v); (L v,v)s (1LILV. V)

(Lilvovi): (LiLiv,v); (LiLy,v); (Linvavi)s (Livovovi); (H,,1v,v); (L 1LV, vi)s (T VIVED:
(1,1v,v.vi); (HLIv,vo vy (LG IV, V) (LI LTV, VS (LTI VGV (LR IV.V. V) (LT IV, VLV,
(1131 1v.v,vi); or (Litdin,ivov,vi). The molecule may also bind to two or more (such as three
or more. four or more or five or more) of the same component, such as two or more TCR
a-chains, two or more TCR [B-chains, two or more CD3-gamma chains, two or more (1) 3-
delta chains. two or more CD3-epsilon chains. or two or more zcta-chains.

The one or more components to which binding occurs may be assembled to form
the TCR/CD3 complex. That is, the one or more components may be part of a complex
comprising TCR a-chain, TCR B-chain. CD3-gamma chain, CD3-dclta cham. two CD3-
epstlon chams. and two zeta-chains.

Preferably, the one or more components to which bind occurs are not assembled to
form the TCR/CID3 complex. That is, the onc or more components are preferably not part
of a complex comprising TCR a-chain, TCR B-chain, CD3-gamma chamn, CD5-dclta chain.
two CD3-cepsilon chains, and two zcta-chains. In other words, binding may occur to a
single component that is not associated with any of the other components. Binding may

occur to one or more components that are associated with each other but which do not from

9
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the full TCR/CD3 complex. Thus. binding mayv occur to a nascent, imcompicte form of the

TCR/CD3 complex. In this case. the one or more components may not form any compiex.

The onc or more components may form a complex other than the TCR/CD3 conmiplex. 'The
one or more components may form a complex that comprises some but not all of the other
components of the TCR/CD3 complex. such as a complex comprising (1.11): (1Li11); (1.1v);

(1.v): (Lve): (i) (av): (L v): (1, v)s (n,v); (L v): (iii,\?i); (1v.v): (1v.vi): (vov): (LiL):

ca L

(1L1v): (Linv); (LiLvey: (L) (Lunv)y; (L ve); (Livev)s (Lv,vi): (Lvavi): (HLHL1V):

IIIII

(LI (LI HLIVLVE) D (LU LV VDY (LILIV.VLVEYS (LI IVIVLVE) L OF (T IV, V. VI,

1-ccll receptor assembly 1s reviewed by Call er al., (Molecular mechanisms for the
assembly of the T-cell receptor-CD3 complex. Mol Immunol. 40, 12951305 (2004)).
Assembly results in alignment of polar residucs in the transmembrance domain. Fach
assembly step thus results in the formation of a three-helix interface in the membrane that
involves one basic and two acidic transmembrane residues, and this arrangemen
cftectively shields these 1onizable residucs at protein—protein intertaces from the hipid.
Since proteins whose transmembrane domains have exposed 1onizable residuces are not
stably integrated into the lipid bilayer, assembly based on shiclding of 1onizable restduces
permits full cquilibration of the receptor mto the hipid bilaver and prevents degradation.
Assembly. export of intact receptor complexes ts preciscly regulated with degradation of
unassembled components. The CD3/TCR complex hence 1s quite vulnerable to stratcgics
which perturb 1ts assembly. such as binding by the binding portion of the molecule and
rctention in the LR or Golgr apparatus by the rcetention portion of the molecule.

The binding domain may be any domain that 1s capable of binding to onc¢ or more
of the components of TCR/CD3 complex. Thus, the binding domain may be any domain
that 1s capable of binding to on¢ or more of (1) TCR a-chain, (11) TCR [3-cham. (t11) CID3-
camma chain, (1v) CD3-delta chain, (v) CD3-cpsilon chain, and (v) zcta-chain. For
instance, the binding domain may bind to (1): (11); (11); (1v): (v): (vi): (L) (1) (1Lv):
(V) (v (s (aav): (,v)s (inva): (av): (nnv): (v (ivav): (vavi): (vavi): (LI ):

(LLav)s (LIv)s (v (Laniv); (L vy (Lievo): (Livev)s (v, vi)s (Lvavi)s (LI V)

..........

10
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(LT IV); (1) (L vi)s (L, v)s (Lidv,vi); (L v, vi); (L v, V) (1L, iy, vi):
(LILLIvev)s (L ivvi); (L v, v (Lisiv,v,vi); (Liiiv,v,vi): (L iv.vovi): or
(Linanav,v,vi). Assays suitable for determining the ability of a binding domain to bind to
onc or more ol the components of TCR/CD3 complex are well known in the art. such as
western blotting or enzyme-linked immunosorbent assay (LELISA).

The binding domain preferably binds to one or more of the components of the
TCR/CDS complex. wherein the one or more components are not assembled to form the
TCR/CD3 compiex. That is, the binding domain preferably binds to the one or more
components when they are not part of a complex comprising TCR a-chain, TCR [-chain.
CD5-gamma chamn, CD3-delta chain, two CD3-¢psilon chains. and two zcta-chains.

Preferably. the binding domain may be used to stain intracellularly for one or more
of the components of the TCR/CID3 complex. In other words, the binding domain is
preferably @ molecule that can be used to determine the intracellular presence of one or
more components of the TCR/CD3 complex by. for instance, immunofluorescent methods
(such as tlow cytometry or fluorescence microscopy) or immunohistochemistry. The
ability of the binding domain to stain intraccllularly for one or more of the components of
the TCR/CD3 complex may correlate with the ability of the binding domain to recognise
assembling TCR/CD3 complex in a nascent stage betore aceess to the ER or Goligl
apparatus has passed.

The binding domain may be a superantigen (SAg), a TCR agonist, an antibody. a
monoclonal antibody, a fragment antigen-binding (Fab) fragment, a I'(ab™)- fragment, a

7
./' L}

single chain vartable fragment (sclv), a scFv-I'¢. or a single domain antibody. The
binding domain 1s a preferably a sclv, a scl'v-Fe. a single domain antibody or a
monoclonal antibody.  The single domain antibody is preferably a camclid antibody. an

artificial Vi fragment or an [gNAR. The binding domain 1s most preferably a sclv.

-

Fhe binding domain preferably binds to CD3-¢psilon. More preferably, the binding
domain 1s a UCHTT antibody, or is derived from a UCHT1 antibody. Thus, the binding
domain may be produced by or derived from a product of a UCHT1 hybridoma.

T'he binding domain may be a UCHT I-derived scFv, sclv-Fc. single domain
antibody or monoclonal antibody. For instance, the binding domain may compr:sc the

heavy chain complementarity determining region (CDR)1, CDR2 and CDR3 scuuences of

| |
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SEQ ID NOs: 1, 2 and 3 respectively. The binding domain may comprise the light cham
CDRI1. CDR2 and CDR3 sequences of SEQ 1D NOs: 4. 5 and 6 respectively. The bindimg
domain mav comprise the heavy chain CDRT.CDR2 and CDR3 sequences of S1Q 1D
NOs: 1. 2 and 3 respectively and the light chain CDRI, CDR2 and CDR3 sequences ol
SEQ 1D NOs: 4. 5 and 6 respectively, The binding domain may comprise a heavy chain
variable reegion (HCVR) comprising the heavy chain CDR1, CDR2 and CDR3 sequences
of SEQ 1D NOs: 1, 2 and 3 respectively. The binding domain may comprise a light cham
variable region (LCVR) comprising the light chain CDR1, CDR2 and CDR3 secuences of
SEQ 1D NOs: 4, 5 and 6 respectively. The binding domain may comprisc a HCVR
comprising the heavy chain CDR1, CDR2 and CDR3 sequences of SEQ 11D NOs: 1.2 and
5 respectively and a LCVR comprising the light chain CDRI1. CDR2 and CDR3 sequences
of SEQ 11D NOs: 4, 3 and 6 respectively. The binding domain may comprise the HOVE
sequence of SEQ 1D NO:7. The binding domain may comprise the LOVR sequence of
SEQ D NO:8. The binding domain may comprise the HCVR scequence of SEQ 1D NO:7
and the LCVR seguence of SEQ 11D NO:8. The binding domaim may comprise taree heavy
chain CDRs (HCDRI1. HCDR2 and HCDR3) contained within the HCVR sequence of
SEQ 1D NO: 7. The binding domain may comprisc three light cham CDRs (ILCDR.
[.CDR2 and LCDR3) contained within the LCVR sequence of SEQ 1D NO: 8. The
binding domain may comprise three heavy chain CDRs (HCDR1, HCDR?2Z and HCDRS)
contained within the HCVR sequence of SEQ 1D NO: 7 and three light cham CDRS
(LLCDRI1. LLCDR2 and LCDR3) contained within the LCVR scquence of SEQ 11 NO: S,
The binding domain may comprise a heavy chain comprising the HOVR sequence of SEO)
11D NO: 7. The binding domain may comprisc a light chain comprising the LEVR
sequence of SEQ 1D NO: 8. The binding domain may comprisc a heavy chain comprising
the HCVR sequence of SEQ 1D NO: 7 and a light chain comprising the LCVR scquencee of
SEQ 1D NO: 8.
The binding domain may further comprise one or more of the constant domains that
arc normally included in an UCHT | antibody (i.c. an antibody produced by an UCHT
hybridoma). The binding domain may comprisc onc or morc constant domains other than
those that are included in an UCHTT anttbody. The binding domain may comprisc a

combination of one or more of the constant domains that are normally mcluded mn an
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UCHTT antibodyv, and onc or more constant domains other than those that are included n
an UCHTT antibody.

The binding domain preferably binds to TCR beta chain. More preferably, the
binding domain is a Jovi.1 antibody. or is derived from a Jovi.l antibody. Thus. the
binding domain may be produccd by or derived from a product of @ Jovi. ] hybriloma.

The binding domain may be a Jovi. [-derived derived sclv, scl-v-bc, single domain
antibody or monoclonal antibody. FFor mstance. the binding domain may comprise the
hcavy chain CDR1, CDR2 and CDR3 sequences of SEQ D NOs: 9, 10 and 11
respectively. The binding domaimn may comprise the light chain CDRIT.CDR2 and CHRO
sequences of SEQ D NOs: 12, 13 and 14 respectively., The binding domam mav comprise
the heavy chamn CDR L. CDR2 and CDR3 sequences of SEQ 1D NOs: 9, 10 and 11
respectively and the ight chain CDRIT, CDR2 and CDR3 sequences of SEQ 1D NOs: 12,
|3 and 14 respectively., The binding domain may comprise a HCVR comprising the heavy
chain CDR 1, CDR2 and CDR3 scquences of SEQ D NOs: 9, 10 and 11 respectively, The
binding domain may comprisc a LCVR comprising the light chain CDR1. CDR2 and
CDR3 scquences of SEQ ID NOs: 12, 13 and 14 respectively. The binding domain may
comprisc a HCVR comprising the heavy chain CDR1, CDR2 and CDR3 sequences of SEQ
(D NOs: 9, 10 and 11 respectively and a LLCVR comprising the Light chain CDRT. CDR2
and CDR3 sequences of SEQ D NOs: 12, 13 and 14 respectively. The binding domain
may comprise the HCVR sequence of SEQ 1D NO: 15, The binding domain may comprisc
the LOVR sequence of SEQ D NO: 16. The binding domain may comprise the HCOVR
sequence of SEQ D NO: 15 and the LCVR scequence of SEQ D NG: 16, The binding
domaim may comprise three heavy cham CDRs (HCDRI, HCDR2Z and HICDR3) containcd
within the HCVR sequence of SEQ D NO: 13, The binding domain may comprise three
light chain CDRs (LCDRIT, LCDR2 and [.CDR3) contained within the [LCVR scquence of
SEEQ D NO: 16. The binding domain may comprise three hc:a\f}-’ chain CDRs (HCDR .
HCDRZ2 and HCDR3) contained within the HCVR scquence of SEQ 11D NO: 15 and three
lHght cham CDRs (LCDR I T.CDR2 and LCDR3) contained within the LCVR sequence of
SEQ D NO: 16. The binding domarm mayv comprisc a heavy chain comprising the HCOVR
sequence of SEQ 1D NO: 15, The binding domain may comprisc a light chain comprising

the LCVR sequence of SEQ TD NO: 16. The binding domain may comprise a heavy chain
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comprising the HCVR scquence of SEQ 1D NO: 15 and a light chain comprising the
LLCVR scequence of SEQ D NO: 16.
T'he binding domain may turther comprise onc or more of the constant domains that

are normally included in an Jovi. 1 antibody (i.c. an antibody produced by a Jovi. |

> hybridoma). The binding domain may comprise one or more constant domains other than
those that are included in a Jovi. | antibody. The binding domain may comprisc a
combiation of onc or more of the constant domains that arc normally included in an Jovi. |
antibody. and one or more constant domains other than those that are included i an Jovi. |
antibody.
1 () I'he molecule may comprisce two or more, such as threc or more, four or more. five

or more binding domains. In this casc, two or more of the binding domains may be the
same. Two or more of the binding domains may be diftferent.
The retention domain may be any domain that retains the one or more componcents
of the TCR/CD3 complex within the LR or Golgi apparatus. The retention domain may be
> atarget peptide. A target peptide is a short peptide chain of 3 to 70 amino acids that
directs the transport of @ protein to a spectfic region of the cell., such as the ER or the Golgi
apparatus. and/or retains the protein in the specific region. A variety of target peptides are
known n the art.
The retention domain 1s preferably a KDEL scquence, a KKXX motif. a KXKXNX
20 motil. a tail of adenoviral 1219 protein having scquence KYKSRRSFIDEKKMP. or a
fragment of HLLA 1nvariant chain having scquence MHRRRSRSCR. The retention domain
s preferably C-terminal to the binding domain. The retention domain mav be N-terminal
to the binding domain.

The retention domain s preferably a KDEL (Lys-Asp-Glu-l.cu) sequence. KDIEL

N
le

s a target peptide sequence m the amino acid structure of a protein which prevents the
protemn from being seereted from the BR. A protein having a KDL sequence will be
retricved from the Golgi apparatus by retrograde transport to the R Tumen. The KDL
sequence may also target proteins {rom other locations (such as the cytoplasm) to the 1R
Protems can only leave the ER after the KDEL sequence has been cleaved of ) Thus. the
30 protein resident in the ER will remain in the ER as long as it contains a KDEL sequence
The retention domain may be a KKXX (Lys-Lys-xxx-xxx) motif. KKXNX is a

target pepude motif that 1s generally located in the C terminus of the amino acid structure

| 4
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of a protein. KKXX is responsible for retrieval ot ER membrance proteins from the ¢is end
of the Golgi apparatus by retrograde transport. via interaction with the coat protem (COPI
complex.

['he retention domain may be a C-terminal cytoplasmic tatl of a known IR protem.
such as adeaoviral 1219 protein. FFor mstance. the binding domain may be a tail of
adenoviral 119 protein having sequence KYKSRRSEFIDEKKMP. Alternatively. the
binding domain may be an N-terminal fragment of the invartant cham of THLAL such as a
fragment having sequence MHRRRSRSCR.

Other suitable binding domains arc known in the art. For instance. LocSigD1B3
(http://ecnome.unme.cdu/lLocSi1gDB/) 1s a database of experimental protein locatization
sienals for cight distinet subcellular locations (Negt e af., LocSigD13: a database of protein
localization stgnals, Databasc (Oxtford). 2015, 1-7). Furthermore. known methods may be
uscd to rdentily further binding domains that retains the one or more components of the
TCR/CDS3 complex within the ER or Golgi apparatus (see, for example, Bejarano and
Gonzalez, Mot Trap: a rapid method to clone motifs that can target proteins to defined

subcecellular localisations, Journal of Cell Science, 112, 4207-4211 (1999)).

T'he molecule may comprise two or more, such as three or more, four or more, five

or more retention domains. In this case, two or more of the retention domains may be the

L 4

same. Two or more of the retention domains may be different.

Nuclere acid sequence of the mvention

The mnvention also provides a nucleic acid sequence encoding a molecule of the
invention. comprising a nucleie acid sequence encoding a binding portion comprising a
binding domain which binds to onc or more components of TCR/CD3 complex. and a
relention portion comprising a retention domain that retains the onc or more components
within the R or Golgar apparatus.

The nuclere acid sequence may comprise DNA and/or RNA. The nuclene acid
scquence may be double stranded or single stranded. For istance, the nucleic acid
sequence may comprise dsDNA and/or ssDNA. The nucleic acid sequence may comprise
dsRNA and/or ssRNA.

Any ol the once or more components, the binding domain or the retention domain

mayv be as discussed above with reference to the molecule of the invention.
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Nucleic acid constructs of the invention
The mvention further provides a nucleic acid construct comprising a first nucleie

acid scquence of the invention, and a sccond nucleic acid sequence which encodes a CAR.

(1

The nucleic acid construct may comprise DNA and/or RNA. The nucleie acid
construct may be double stranded or single stranded. For instance. the nucleic acid
construct may comprise dsDNA or ssDNA. The nucleic acid construct may comprise
dSRNA and/or ssRNA. Similarly, the first and/or second nucleic acid sequence may
comprise DNA and/or RNA. "The first and/or second nucleic acid sequence may be double
10 stranded or single stranded. ‘T'ne hirst and/or second nucletrc acid sequence may comprise

dsDNA and/or ssDNA. The first and/or second nucleic actd may comprise dsRNA and/or
SSRNAL
'he construct may comprisce two or more, such as three or more, four or more, five or
MOre, SIX Or More, seven or more, e1ght or More, ning or More, ten or More or twenty or More
15 ofcach type of nuclerc acid sequence.

CARSs may be used to re-direct the antigen spectticity of a T-cell. CARs typically
comprisc the heavy (Vi) and hight (V) variable fragments from an antibody joined by @
short linker to form a scl-v. "The sclv 1s attached to a spacer region that allows 11 10
protrude from the cell surface. The spacer region may be the CDS8 statk., A transmembranc

domam then links the extracellular domain (ectodomatn) to one or more intracellular

D

activation domains. These may be immunorceceptor tyrosine-bascd inhibition motifs

(I'T'IMs) or immunoreceptor tyrosine-based activation motif (I'TAMs) depending on the

intraccllular signaling pathway to be activated or inhibited. Commonly usced intracelular
activation domains include the CD3-zceta, CD28, OX40 and 41 BB mtraccliular signaling

domains. ‘Thus, ligand binding to the CAR may lcad to activation of the intracellular

P
N

stgnaling cascade and T-cell activation by mitiating phosphorylation of I'TTAMs.
Conversely. ligand binding to the CAR may mitiate phosphorylation of I'T'TMs. ¢iving

inhibition of the intracellular stgnaling cascade and T-cell inhibition,

In this way, CARs arc able to activate T-cells in response to target cell surface

e
"""-"‘\.
h S—

antigens without the need for major histocompatibility complex (MIC) recognition.
Therctore. CARs can castly modify most subscts of T-cells to have increased persistence

and improved development of memory. Furthermore, CARs are not restricted to

16
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recognition of protein-derived peptides. CARs may recognise other tvpes of cell surface
molccule on a target cell. including non-protemn structures such as gangliosides «nd
carbohvdrate antigens.,

Accordingly. the CAR encoded by the second nucleic acid scquence may be
specthic for an extracellular antigen or a cell surface antigen. The antigen may be a peptide
antigen or @ non-peptide antigen. T'he non-peptide antigen may be a carbohydrate antigen,
a ganghoside, or a glycolipid. The CAR may be specific for a tumour antigen, a viral
antigen. a bacterial antigen. a tungal antigen, a protozoal antigen. a host antigen or 4
cytokine. The CAR may be specific tor one or more antigens associated with acute
mveloid leukemia (AMILL). such as onc or morc of CD33, CD123 and CLIT.

T'he provision of a single nucleic acid construct comprising a first nucleie acid
sequence of the invention, and a sccond nucleie acid scquence which encodes a AR may
be advantageous over the provision of two scparate amino acid scquences cach encoding
once of these components. The inclusion of the sequence encoding the molecule of the
mvention and the sequence encoding a CAR in the same construct allows reduction or
abrogation of native TCR expression by the molecule of the invention to be Hinked with
CAR receptor. T-cells transfected or transformed with the construct witl express both the
molccule of the invention. and a CAR. Therctore, T-cells transfected or transformed with
the construct will express the encoded CAR, but will not express (or will express a reduced
amount) of native TCR. Theretore. sorting (by e.g. magnctic-activated cell sorting
(MACKS)) for T-cells that do not express native TCR will also sort for CAR T-cells.
Conversely. sorting for CAR T-cells will also sort for cells that do not express native TCR.
or express a reduced amount of native TCR.

The nucleic acid construct of the invention may further comprise a third aucleic
acid sequence which encodes a suicide gene. The construct may comprise two or more, such
as three or more, four or more, or five or more sequences encoding a suicide venc.

Suicide genes are discussed in detail below.

The mvention also provides a nucleic acid construct comprising a tirst nucleic acid
sequence of the invention., and a sccond nucleie acid scquence which encodes @ suicide
JCne.

[he nucleic actd construct may comprise DNA and/or RNAL The nucleie acid

construct may be double stranded or single stranded. For instance, the nucleic acid

[ 7
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construct may comprisc dsDNA or ssDNA. The nucleic acid construct may coniprisc
dsRNA and/or ssRNA. Similarly, the first and/or seccond nucleic acid scquence may
comprisc DNA and/or RNA. The tirst and/or sccond nucleic acid sequence may be double

stranded or single stranded. The first and/or sccond nucleic acid sequence may comprisc

> dsDNA and/or ssDNA. The first and/or sccond nucleic acid mayv comprise dsRNA and/or
SSRINA.
T'he construct may comprise two or more, such as threc or more, four or more. fve or
NOTC, SIX OF MOre, seven or more, ¢1ght or more. nine or More. 1CN or More or twenty Or More
of cach type of nucleic acid sequence,
10 A suicide gene 1s a gene that causces a cell to Kill ttselt through apoptosis.

Activation of these genes can be due to many processes, but the main cellular "switch” to
induce apoptosis is the p33 protein. As discussed above, CAR expression can be used to
redirect a [-cell s response towards an antigen of interest, for example a tumour antigen or
viral antigen. Therctore, CAR 'T'-cells can be uscd therapcutically to enhance T-cell

13 responses against ¢.g. tumour cells or virus-infected cells. However, CAR T-cells are also
capable of cliciting damaging side-cliects i the host. For instance. administration of CAR
T-cetls may lead to cvtokine release syndrome, neurologic toxicity, ~on tarect/olf tumour™
recognition. anaphylaxis. clonal expansion sccondary to insertional oncogenesis. off-tarect
antigen recognition, and. as discussed above. GVHD (Bonifant e/ a/. Toxicity and

20 management in CAR T-cell therapy, Molecular Therapy — Oncolyties. 3, Articlie number:
16011 (2016)). The imcorporation of a suicide gene to a CAR T-cell provides a
mechanism by which such CAR T-cell induced toxicities may be reduced or climinated.

T'he suicide gene encoded by the construct of the invention may therefor act as a

safety switch to limit toxicities mduced by CAR T-cell admintstration. Any suitable

25 suicide gene may be used. Suicide gences are well-know in the art. The suicide cene s

preferably RQRS. 1Casp9 or thymidine Kinasc. The suicide gene preferably ¢
expressing the suictde gene to be selectively deleted in response to administraticn of the
substance. For example, RQRS facilitates scelective deletion of cells expressing this aenc

upon exposure to rituximab. Similarly, 1Casp9 tacilitates selective deletion of cells

'\J ')
.‘H\l
g

cxpressing this gene upon exposure to AP1903. Thymidine kinasc allows cells expressing

this gene to be killed using ganciclovir.

I
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As the scquence encoding the suicide gene 1s comprised in the same nuclere acid
construct as the sequence encoding the molecule of the imvention. the reduction or
abroeation of native TCR ¢xpression by the molecule of the invention will be lirked i
cells ransformed or transtected with the construct with expression of the suicide gene, 1-
cells transfected or transtormed with the construct will express both the molecule of the
invention, and the suicide gene. Therefore. T-cells transfected or transformed with the
construct will possess the encoded suicide gene, but will not express (or will express a
reduced amount) of native TCR. Therefore, sorting (by ¢.g. FACS) for 'T-cells that do not
express native TCR will also sort for T-cells possessing the suicide gene. Conversely.,

ocne will also sort tor cells that do not express

L S

sorting for T-cetls possessing the suicide
native TCR. or express a reduced amount of native TCR.

[n some situations. the construct comprises (a) a nucicic acid sequence cncoding
the molecule of the mvention, (b) a nucleic acid sequence encoding a CAR. and (¢) a
nucleic acid sequence encoding a suicide gene. In T-cells transiected or transformed with
stuch a construct. expression of the molecule, the CAR and the suicide gene will be
coupled. Thercfore, T-cells transfected or transformed with the construct will possess the
encoded CAR and suicide gene, but will not express (or will express a reduced amount) of
native TCR. Therefore, sorting (by ¢.g. FACS) for T-cells that do not express native TCR
will also sort for T-cells possessing the CAR and the suicide gene. Sorting for 1-cells
possessing the CAR will also sort for cells that possess the suicide gene but do not express
(or express a reduced amount of) native TCR. Likewisc. sorting for T-cells possessing the
sutcide gene will also sort tor cells that express the CAR but do not express (or express a
reduced amount of) native TCR.

As sct out above, the construct of the mvention comprises two or more nucleic acid
sequences. cach encoding a different protein. Thus, the construct of the invention encodes
multiple different proteins. To allow the multiple proteins to be encoded as polyproteins
that dissociate into separate protein products following translation. onc or more of the
nucleie acid sequences comprised in the construct may be tinked by a nucleie acid
sequence encoding a self-processing peptide, such as a foot-and-mouth discase 2A-lhke
peptide (2A peptide for short). Foot-and-mouth discase 2A-like peptide 1s deseribed m
detarl i Donnelly eral.. ] Gen Virol, 2001 May: 82(Pt 5): 1027 — 104 1. Peptide bond

formation between glyeime and protine restducs within the 2A peptide 1s highly inefticient

|9
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and, as a result, the proteins encoded by two or more nucleic acid sequences linked by «
sequence encoding a 2A peptide will be stoichiometrically processed as multiple unfuscd

protein products.

Vector of the invention

T'he invention also provides a vector comprising the nucleic acid sequence of the
inventon or a nucleie acid construct ot the invention.

The vector may be a viral vector. Preferably, the viral vector is a lentivirus. a
retrovirus. an adenovirus, an adeno-associated virus (AAV), a vaccinia virus or a herpes
simplex virus. Mcthods for producing and puritying such vectors are know in the art.
Preferably. the viral vector 1s a gamma-retrovirus or a lentivirus. The lentivirus may be a
modified HIV virus suitable for use in delivering genes. The lentivirus may be ¢ SIV, FIV.
or cquine infectious anemia virus (EQIA) based vector. The viral vector may comprise a
targeting molecule to ensure cefticient transduction with the nucleic acid sequence or
nucleie acid construct. The targeting molecule will typically be provided wholly or partly
on the surtace of the viral vector in order for the molecule to be able to target the virus Lo
1-cells. The viral vector is preferably replication deficient.

The vector may be a non-viral vector. Preferably, the non-viral vector is a DNA
plasmid, a naked nucleic acid, a nucleic acid complexed with a delivery vehicle, or an
artifictal virton. The non-viral vector may be a human artificial chromosome, as described in
¢.g. Kazukr et al.. Mol. Ther. 19(9): 1591-1601 (2011), and Kouprina ct al.. Expert Opinion on
Drug Dehivery T1(4): 517-535 (2014). When the non-viral vector is a nucleic acid complexed
with a dehivery vehicle, the delivery vehicle may be a liposome, virosome. or
mmunoliposome. Integration ot a plasmid vector may be facilitated by a transposase such
as sleeping beauty or PreevBAC,

&.rsn_n

1 -cells of the invention

The mvention provides a 'I-cell comprising (a) a nuclceic acid sequence of the
mvention or a nucleie acid construct of the invention. or (b) a vector of the invention.

Nuclele acid sequences. nucleic acid constructs and vectors are described in deteil above.

The T-cell may be any type of T-cell. The T-cell may be a CD4+ T-cell, or helper

P-celi (Tyycell), suchasa ™l 1, T2, 1,3, 1,17, 1,9, or Ty, cell. The T-cell mav be a CD8+

20)
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I-cell. or exvtotoxie 'T-cell. The T-cell mayv be a CD4+ or CDS+ memory 'T-cell, such as a

centrat memory T-cell or an ctfector memory T-cell. The T-cell may be a regulatory T-ccll
(1rco).
The T-cell may comprise onc or more, such as two or more. three or more. four or

o a CAR, independent of

L

more. five or more or ten or more, nucleie acid sequences encodin
any CAR-cncoding nucleic acid sequence comprised in the construct or vector of the
invention. When the T-cell comprises two or more scquences encoding a CAR. the
sequences may cncode the same CAR or difterent CARs. T-cell may therefore express one
or morc CARSs. independent of any CAR expressed from the construct or vector of the
invention. Thus. the T-cell may be a CAR.

The T-cell may comprise one or more, such as two or more. three or more, four or

morce. five or more or ten or more nucleie acid sequences of the mvention. Simnarly, the

1-cell may comprise onc or more, such as two or more, three or more. four or more. five or

more or ten or more nucleic acid constructs of the mvention. The T-cell may comprise one
or more. such as two or more, three or more, four or more, {ive or more or teh or more
vectors of the mvention. When the T-cell comprises two or more nucleic acid scquences,
nuclere acid constructs or vectors. the two or more sequences, constructs or vectors may be
the same or different.

Mcthods for producing the 'T-cell of the invention are scet out below. The T-cell s
Lvpically produced from a human T-cell. "The T-cetl of the invention is therefore typically

human. Alternauvely, the T-cell may be produced from a ‘I'-cell from another animal or

mammal, for mstance from a commercially farmed animal, such as a horse. catle. a sheep
or a pig. from a laboratory animal, such as a mousc or a rat, or from a pet anima'. such as a
cat. a dog, @ rabbit or a guinca pig. ‘The T-cell may thercfore be cquine, bovine. ovine.
porcing, murine, fchine, Ieporine or cavine. The T-ccll may be produced from a
hacmatopoictic stem cell. Thus, the T-cell may be produced from cord blood. The I'-cell
may be produced from an embryonic stem cell, or an induced pluripotent stem cell (1PS

cell).

The T-cell may have reduced or completely eliminated expression of nat:ve TCR.
Accordimgly, the T-cell may have a reduced or completely eliminated capacity to induce

GVHD followmge administration to a HELA-mismatched recipient or patient.
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Viethods

The invention also provides a method for producing a ‘'I'-cell expressing @ molecule
of the invention. The method comprises: transiecting or transducing a [-cell with a
nucleic acid sequence of the invention or a nucleic acid construct of the mvention: and
expressing the molecule n the 'T-cell.

['he T-cell that is transfected or transducced 1s typically a human T-cell. T he human
T-cell is typrcalty from a donor that 1s HEA-matched or HLA-mismatched compared to a

“

natient into which the resultant T-cell will be administered. or from a pool or bank of

donor T-cells. The T-cell may alternatrvely be from another animal or mammal. for
instance from a commercially farmed amimal (such as a horse, cattle, a sheep or a pig). a
laboratory antmal (such as a mouse or a rat), or from a pet animal (such as a cat. a dog. a
rabbit or a guinea pig). In this instance, when the resuitant T-cell is administered to a
paticnt, the patient is typically the same type of animal or mammal as that from which the
inittal ‘I-cell 1s obtained.

The T-cell may be dertved from a hacmatopoietie stem cell. Thus, the T-cell may
be from cord blood. "The T-cell may be derived from an embryonic stem cell. or an
mduced pluripotent steny cell (1PS cell).

The T-cell may be any type of T-cell that expresses a TCR comprising an alpha-
chain and a beta-chain., T-cell types are described in detail above with reference to the 'T-

ccll of the mventon. Preferably, the T-cell 1s a CAR T-cell.

The T-ccll 1s typicaily obtained from the donor using leucapherests. The T-cel
may be sorted from the product of leucaphcercets, tor example tf a mixed population of
lcukocyvtes or [ypmhocytes is obtained from lcucapheresis. T-cells may be isolaied from
the leucapheresis product using any mecans known in the art. For instance. 'T-cells may be
sorted from the product using FACS or magnetic-activated cell sorting (MACS).

The T-cell provided may be obtamned from a sample taken from the donor. The
sample 1s typically a blood sample. The sample may be a4 bone marrow sample, or a
sample of a Ivimphoid tissue such as a [lymph node, tonsil, spleen or thymus, 1f tiwe sample
1s obtamed from bone marrow or a lvmphotd tissue, the cells i the sample may need to be
dissoctated to allow T-cells to be 1solated. Mcthods for dissociating bone marrow and

lymphoid tissues are known in the art, but may include maceration (for example.

maceratton througn a ccll strainer) or enzymatic digestion. 'I-cells may be solated from
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the sample or dissociated sample using anv mcans known in the art. For mstance. I -cells
may be sorted from the sample using FACS or magnetic-activated cell sorting (MACS).

-cells obtamed from the donor may be expanded prior to use in the metaod of the
invention. lixpansion may involve stimulating the T-cells using an agonist for the
TCR/CD3 complex. such as an anu-CD3 antibody, and/or an agonist for CD28 <1enalling.
such as an ant-CD28 agonist. The ant-CD3 antibody and/or the anti-CD28 antibody may
be loaded to a bead or other particle. Culture conditions for T-cell expansion are well
known in the art.

Once provided, the T-cell 1s transtected or transduced with a nucleic acid scquence
ol the immvention or a nucleic acid construct of the invention. Nuclcic acid sequences and
nucleie actd constructs arc described in detail above.

The term “transduction™ may be used to describe virus-mediated nucleie acid
transfer. A viral vector may be used to transduce the cell with the one or more constructs.
Conventional viral based expression svstems could imclude retroviral. lentivirus,
adenoviral, adeno-associated (AAV) and herpes simplex viras (HSV) vectors for gene
transter. Mcethods for producimg and puritying such vectors are know n the art. The
vector s preferably a vector of the invention. The T-cell may be transduced using any
mcthod known in the art. Transduction may be in vitro or ex vivo.

The term “transfcction™ may be used to describe non-virus-mediated nucleic acid
transfer. The T-cell may be transfected using any method known in the art. Transtection
may be /n vitro or ex vivo. Any vector capable of transiccting the 'T-cell may be used, such
as conventtonal plasmid DNA or RNA transfection. A human artificial chromosome
and/or naked RNA and/or siIRNA may be used to transiect the cell with the nucicic acid
sequence or nucleie acid construct. Human artificial chromosomes are described in ¢.o.
Kazuky et al., Mol Ther. 19(9): 1 -1601 (201 1), and Kouprina ¢t al., Lxpert Opinton on
Drug Delivery T1(4): 517-335 (2014). Alternative non-viral delivery systems incelude
DNA plasmids. naked nucleic acid. and nucleic acid complexed with a delivery vehicle.
such as a liposome. Mcthods of non-viral delivery of nuclcic acids include lipofection.
microinjection, biolistics, virosomes. liposomes, immunoliposomes, polvcation or
lipid:nucleic acid conjugates, naked DNA, artificial virions, and agent-cnhanced uptake of

DNA. Lipotection 1s described ine.g.. U.S. Pat. Nos. 3,049,386, 4.946,787: and

{

4.897.355) and lipofection rcagents are sold commercially (e.e., Transfectam™ and

[N
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Lipofectin™). Cationic and neutral lipids that are suitable for efficient receptor-

recognition lipofection of polynucleotides include those of FFelgner, WO 91717424 WQO

91716024, The preparation of lipidinucleic acid complexes, including targeted liposomes

such as immunolipid complexes. is well known to one of skill in the art (sce. .o, Crvstal.
Screnee 270:404-410 (1995); Blacse et al.. Cancer Gene Ther. 2:291-297 (1993): Behr et

al.. Broconjugate Chem. 5:382-389 (1994); Remy ct al., Bioconjugate Chem. 3:047-65-
(1994). Gao ctal.. Gene Therapy 2:710-722 (1995); Ahmad ct al., Cancer Res. 22:4817-
4820 (1992): U.S. Pat. Nos. 4,186,183, 4,217,344, 4,235,871, 4.261,975. 4.485.054.
+.001.728. 4,774,085, 4,837,028, and 4.946,787).

Nanoparticle delivery systems may be used to transfect the cell with the nucleic
acid sequence or nucleic acid construct. Such delivery systems include, but are not limited
0. lipid-based syvstems, liposomes. micelles. microvesicles and exosomes. With revard 10
nanoparticles that can deliver RNAL see. ¢.g.. Alabi et al., Proc Natl Acad Sci US AL 2013
Aug 0:1T0(32):12881-0: Zhang ctal.. Adv Mater. 2013 Sep 6:25(33):4641-3: Jiang et al..
Nano Lett. 2015 Mar 15:13(3):1059-64: Karagiannis ct al.. ACS Nano. 2012 Oc¢:
23:0010):8484-7: Whitchead et al.. ACS Nano. 2012 Aug 28:;6(8):6922-9 and | ¢¢ ¢t al..
Nat Nanotechnol. 2012 Jun 3:7(6):389-93. Lipid Nanoparticles. Spherical Nucleic Acid
(SNATM) construets, nanoplexes and other nanoparticles (particularly eold nanoparticles)
arc also contemplated as a means for delivery of a construct or vector in accordance with
the mvention.

Uptake of nucleic acid constructs may be enhanced by several known transfection
techniques. for example those including the use of transtection agents. Examples of these
agents mcludes cationic agents, for example, calcium phosphate and DEAL-Dextran and
lipofectants, for example, lipotectAmine, fugenc and transicctam.

Ihe T-cell may be transfected under suitable conditions. The T-cell and aeent or
veetor may. for example. be contacted for between five minutes and ten days. preferab v
irom an hour to five days, more preferably from five hours to two days and cven more
preferably from twelve hours to one day

The nucleic acid sequence or nucleic acid construct transduced or transfected into
the T-cell gives rise to expression of the molecule of the invention in the T-cell. As set oul
above. the nucleic acid construct may comprise a sequence encoding a CAR and/or a

sequence encoding a suicide gene. in addition to the sequence encoding the molecule of the
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mvention. Fhus. the nucleic acid construct transduced or transfected into the '1-cell may
also give rise 1o expression of the CAR and/or the suicide gene. "The nucleic acid sequence
or nuclele acid construct preferably comprises a promoter which is operably linked 1o the
one or more of the encoded scquences. and which 1s active in the 'T-cell or whicl can be

nduced i the T-cell.

A1

The mvention further provides a method for reducing or completely eliminating

expression of native TCR i a T-cell, comprising (a) providing a nucleic acid sequence off
the mvention or a nucleie acid construct of the invention, or a vector encodine the nucleic
acid scquence or nucleic acid construct; (b) transfecting or transducing the T-cell with the

[0 nucleic acid s'cqucncc, nucleie acid construct or vector; and (¢) expressing the molecule in
the T-cell. The method may be conducted /n vivo. Preferably, the method is conducted i
viiro. T-cells. nucleic acid sequences. nucleic acid constructs. vectors. transfection.
ransduction and expresston are discussed in detait above. The T-cell is preferalidy a CAR

F-cell. CAR T-cells are described in detail above. The CAR T-cell may be specific for

A

one or more tumor antigens., for example onc or more antigens associated with AMI.. The

CAR T-cell may be specttie for one or more of CD33, CDI123 and CLI L. The resultine T-

administration to a HLA-mismatched recipient or patient.

The mvention also provides a method for producing a T-cell having reduced or
20 completely eliminated expression of native TCR, comprising (a) providing a T-cell; (b)
transfecting or transducing the T-cell with a nucleic acid sequence of the invention or a
nuclerc acid construct of the invention. or a vector encoding the nucleic acid sequence or
nuclere acid construct: and (¢) expressing the molecule in the T-cell. T-cells, nucleic acid
sequences. nuclere acid construets. vectors, transfection. transduction and expression are

1

discussed in detail above. The T-cell produced by the method may be a CAR T-cell. as

[ J
)

described i detail above. n this case. the T-cell provided may be transfected or
transduced with a nucleic acid construct comprising a first nucleic acid sequence encoding
the molecule of the invention, a sccond nucleic acid sequence encodine a CAR end.
optionally. a third nucleic acid sequence encoding a suicide gene, or a vector comprising
50 the construct. As mentioned above, the advantage of producing CAR T-cells having
reduced or completely eliminated expression of native TCR in this way is that CAR

expression s linked to expression of the molecule that inhibits native TCR expression and.

[\
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optionally. expression of the suicide gene. Sorting on the expression of one marker

theretore also sorts for expression of the other marker(s).

Mcdicaments, methods and therapeutic use

The mvention provides a method of reducing or preventing graft versus host discase
(GVHD) ma patient associated with the administration of one or morce allocencic CAR -
cells to the patient. comprising (a) transfecting or transducing the one or more CAR ‘T-cells
with a nucleic acid sequence of the invention or a nucleic acid construct of the invention.
or a vector encoding the nucleic acid sequence or nucleic acid construct; and (b)
administering the CAR T-cells to the patient. The invention also provides a nuc!eic acid
scquence of the invention or a nucleic acid construct comprising a {irst nucleic acid
sequence of the mvention and a second nucleic acid sequence which encodes a suicide
gene tor use i a method of reducing or preventing GVIHD in a patient associated with the
administration of one or more CAR T-cells to the patient, the method comprising (a)
transfecting or transducing the one or more CAR T-cells with the nucleic acid scquence or
nucleie acid construct and (b) administering the CAR T-cells to the patient. In these
aspects, the mvention relates to reducing the ability of therapeutic CAR T-cells 1o cause
GVHD na patient.

The invention also provides a method of reducing or preventing GVIHD in a patient
associated with the transfusion of one or more CAR T-cells to the patient. comprising (a)
generating the one or more CAR T-cells by transfecting or transducing one or more T-cells
with a nucleic acid construct comprising a first nucleic acid sequence of the invention and
a sceond nucleie acid sequence which encodes a chimeric antigen receptor. or a vector

cncoding the nuclere acid construct: and (b) administering the CAR T-cells to the patient.

[n addition. the invention provides a nucleic acid construct comprising a first nucleic acid
sequence of the immvention and a second nucleic acid sequence which encodes a chimeric
antigen reeeptor for use in a method of reducing or preventing GVHID in a patient
assoctated with the administration of one or more CAR T-cells to the patient. the method
comprising (a) generating the one or more CAR T-cells by transfceting or transducing one
or more I-cehis with the nucleic acid construct and (b) administering the CAR T-cells 10
the patient. In these aspects. the invention relates to the production of CAR T-cells having

a reduced ability to cause GVIHD in a patient.

20
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The invention further provides a method of reducing or preventing GVIHID i a patient
associated with the transfusion of one or more CAR "T-cells to the patient. comprising (a)
nroducing one or more T-cells expressing a molecule of the mvention b}* (1) providing one

a nucleie acid

or more T-cells: (11) transiecting or transducing the onc or more [ -cells

¢ ac1d

sequence of the mvention or a nucleic actd construct comprising
scquence of the invention and a second nuclete acid sequence which encodes a suicide
ocne. or a vecetor encoding the nucleic acid sequence or nucleic acid construct: and (1)
expressing the molecule in the one or more T-cells; (b) converting the onc or mere T-cclls
into onc or more CAR T-ccells by transtecting or transducing the onc or more 'T-cells with @
construct encoding a CAR and expressing the CAR:; and (¢) administering the CAR T-celis
to the patient. Thus, in this aspect. the invention relates to directing a ‘T-cell having

abilitv to cause GVHD in a patient towards an antigen of interest i the patient.

GVHD may be reduced in one or more ways. Firstly, “reducing GVHD™ may refer o
reducing the incidence of GVHD in patients transtuscd or administered with once or more

CAR T-cells. For example. the incidence of GVHD may be reduced in patients transtusced

or administered with one or more CAR T-cells transfected or transduced with a nucleic
acid sequence or nucleic acid construct of the invention compared to patients transfuscd or
administered with onc or more CAR T-cells that 1s neither transfected nor transcuced with
a nucleic acid sequence or nucleie acid construct of the invention.

Sccondly, “‘reducing GVHD™ may refer to reducing the severity of GV
patients transfused or administered with one or more CAR T-cells. FFor mstance. the
severity of GVHID may be reduced in patients transtfused or administered with one or more
CAR T-cells transfected or transduced with a nucleic acid sequence or nucleic acid
construct of the invention compared to patients transfused or administered with one or
more CAR T-cells that i1s neither transtected nor transduced with a nucleie acid scquence
or nucleic acid construct of the invention. In particular. the patients may experience fewer
clinical signs of GVHD. or less severe clinical signs ot GVIHD. "The patients may
expericnce a lower grade and/or stage of GVHD,

[n these ways, the potential of Lhuapculzc CAR T-cells to cause undesirable side

cftects man HILA (or cquivalent) -mismatched patient can be mimnnised. The resultant

CAR T-cell product may theretore be uscd off-the-shelt i any patient i need thercof.
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rceardicss of the patient’s HILA (or cquivalent) type. Accordingly. the methods of the
imvention permit the production of an improved and safer CAR T-cell product.

The patient may be any suitable patient. 'T'he patient is generally a human patient. The
paticnt may be any of the animals or mammals mentioned above with reference o the
source of the T-cells.

The CAR may be any suitable CAR. Suitable CARs arc described above with
reference te the construct of the invention. In particular. the CAR may comprisc an
antigen recognition domain that 1s specific tor a tumour antigen, a viral antigen. a bacterial
antigen, a fungal antigen, a protozoal antigen, a host antigen or a evtokine. The antigen
recognition domain is preferably specific for a tumour antigen, such as an antiven
associated with AML. The antigen recognition domain may be specific for an antigen

assoctated with any of the discases discussed below.

Nuclere acid sequences and constructs. vectors, and transfection. transduction and
expression are discussed i detail above.

The mmvention provides a method of treating a discase in @ patient in need thereof.

comprising administering to the patient a therapeutically etfective number of CAR T-cells
expressing a molecule of the invention. Similarly, the invention provides CAR 1-cells
expressing a molecule of the mvention, {or use in a method of treating a discasce in a patient
in nced thereof. the method comprising administering to the patient a therapeutically
ctfective number of cells.

The discase may be any discase in which the patients may benefit from antieen-
speetfic T-cell responses. For instance. the discase may be a discase in which the subject
may benelit from increased cytotoxic. helper or gamma delta T-cell responses. The
discase may be an infection, such as a bacterial, viral. fungal, protozoal or other parasitic
infection. Preferably, the disease is cancer. The cancer may be anal cancer, bile cuct cancer
(cholangrocarcinoma), bladder cancer. blood cancer. bone cancer. bowel cancer. brain tumours.
breast cancer, colorectal cancer, cervical cancer, endocrine tumours. eve cancer (such as ocular
mclanoma). fallopian tube cancer, gall bladder cancer, head and/or ncck cancer, Kaposi's
sarcoma. Kidney cancer, larynx cancer, lecukacmia, liver cancer. lung cancer. lvimph node
cancer, lymphoma, melanoma, mesothelioma. myeloma. neuroendocrine tumours. cvarian
cancer, oesophageal cancer, pancreatic cancer, penis cancer, primary peritoncal cancer.
prostate cancer, Uscudomyxoma perilonei, skin cancer. small bowel cancer, soft tissae

sarcoma. spinal cord tumours, stomach cancer. testicular cancer, thymus cancer. thyroid
28
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cancer. trachea cancer, unknown primary cancer, vagina cancer. vulva cancer or endometrial
cancer. The leukacmia is preterably acute lymphoblastic lcukacmia, acute mveloid leukacmia
(AML), chronmce lymphocytic leukaemia or chronic myeloid Ieukacmia. The Ivmphoma may
be Hodgkin lymphoma or non-Hodgkin lvimphoma. The cancer may be primary cancer or
sccondary cancer. Preferably, the cancer is leukacmia. Most preferably, the cancer is AMI
When the cancer s AMIL the one or more CAR T-cells are preferably specttic for one or more
of CD33, CDI23 and CILLILLT.

When the cancer s AMLL it may be advantageous for the expression of native TCR in
the CAR T-cells 1o be reduced rather than completely eliminated. By allowing some native
TCR expression to remain, administration of the CAR T-cells to the patient mav be associated
with a small amount of GVHD. This weak GVHD may be of benefit to the patient, as it mav
non-specifically attack the bone marrow compartment, killing AML. cells and their precursors.
Non-speetfic attack of the marrow compartment may necessitate the provision ol a rescue
allograft to the patient. However, as administration of CAR T-cells tareeting one or more of

1
.

logral many

CD35. CDI23 and CLLLT may cause mveoloablation and necessitate rescue o
case. the restdual retention ol native TCR expression in such CAR T-cells does not 1ave aiy
particular disadvantages.

Fhe disease may be a discase in which the subject may benelit from increased
repulatory L-cell responses to an antigen. The disease may be an allergic disease, such as
atopic dermatitis. allergic airway inflammation or perennial allergic rhinitis. The discasc is
preferably an autoimmune condition, such as alopecia arcata, autoimmune encephalomyelitis.
autormmunc hemolytic anemia, autoimmune hepatitis, dermatomyositis, diabetes (Upe 1),
autoimmune juventle idiopathic arthritis, glomerulonephritis, Graves™ discase. Guillain-Barrd
syndrome. idiopathic thrombocytopenic purpura, myasthenia gravis, autoimmune mvocarditis.
multiple sclerosts, pemphigus/pemphigoid. pernicious anemia, polvarteritis nodosa.
polvmyositis. primary biliary cirrhosis. psoriasis. rtheumatoid arthritis. scleroderma/svstemic
selerosis. Spogren’s syndrome, systemice lupus ervthematosus. autoimmune thvroiditis, uveitis
or vititigo. The diseasce is preferably GVID.

I'ne T-cells or CAR T-cells of the invention may be provided as a pharmaccutical
composition. The pharmaccutical composition preferably comprises a pharmaceutically
acceptable carrier or diluent. The pharmaceutical composition may be formulated usine
any suitable method. Formulation of cells with standard pharmaccutically acceptable
carricrs and/or excipicnts may be carried out using routine methods in the pharmaceutical

art.The exact nature of a formulation will depend upon several factors includine the cells
20
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to be administered and the desired route of administration. Suitable types of formulation
arc fully described in Remington's Pharmaccutical Sciences, 19th Edition. Mack
Publishing Company, Eastern Pennsylvania, USA.

The T-cells, CAR T-cells or pharmaccutical composition may be administered by
any route. Suntable routes mcelude. but are not limited to. intravenous. imtramuscular.
intraperitoneal or other appropriate administration routes. The 'T-cells. CAR 'T-cells or

pharmaccuticat composition 1s preferably administered intravenously.

Composttions may be prepared together with a physiologically acceptable carrier or
diluent. Typically. such compositions arc prepared as liquid suspensions of cells. The cells
may be mixed with 25 an excipient which is pharmaccutically acceptable and compatible
with the active imgredient. Suitable excipients are, for example. water. saline, dextrose.
olycerol, of the like and combinations thercof.

[n addition. if desired. the pharmaccutical compositions of the invention may
contamn minor amounts of auxthary substances such as wetting or emulsifyving agents. pli
butfcering agents. and/or adjuvants which enhance effectiveness. The composition

L~

preferably comprises human serum albumin. 30

One suttable carrier or diluents i1s Plasma-l.yte A®. This 1s a sterile, nonpyrogenic
isotonic solution for intravenous administration. ach 100 mi. contains 526 mg of Sodium
Chloride, USP (NaCl); 502 mg of Sodium Gluconate (C6HITINaO7); 368 me of Sodium
Acctate Trihydrate, USP (C2H3NaO2+3H20): 37 mg of Potassium Chloride, USP (KC:
and 30 mg of Magnesium Chloride, USP (MeCI2«6H20). It contains no antimicrobial

agents. The pt s adjusted with sodium hydroxide. The pH is 7.4 (6.5 to 8.0).

The T-cells or CAR T-cel

s arc administered ina manner compatible with the
dosage formulation and in such amount will be therapeutically effective. The quantity o be

administered depends on the subject to be treated. the discasce to be treated. and the

capacity of the subject’s immunce system. Precise amounts of 'T-cells or CAR T-cells
required to be administered may depend on the judgement of the practitioner and may be
peculiar to cach subject.

Any sultable number of T-cells or CAR T-cells may be administered 1o @ subject.
For example, at least, or about, 0.2 x 10°, 0.25 x 10% 0.5 x 10°, 1.5 x 10% 4.0 x 10 or 5.0 x
106 cells per kg of patient may administered. For example. at least. or about. 107, 10°. 10",

i

107107 cells may be administered. As a guide. the number of cells of the invention 1o be
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administered may be from 107 to 107, preferably from 10°to 10%, Typically. up to 2 x 10°
IMP cells arc adiministered to cach patient. In such cascs where cells arc administered or
present. culture medium may be present to factlitate the survival of the cells. In some
cases the ceells of the invenuon may be provided in frozen aliquots and substances such as
DMSO may be present to factlitate survival during freezing. Such frozen cells vwill
typically be thawed and then placed in a bulfer or medium cither for maintenance or for
admintstration.

The tollowing Lxamples illustrate the invention.

loxamples

Fxample 1 - Kknockdown of the TCR/CID3 complex

Scl-vs were cloned into a retroviral transfer vector in frame at their amino-terminus
with a signal peptide and with the SEKDEL motifat their carboxy terminus. An internal
ribosomal entry scquence (IRES) was cloned after the selFv-SEKDEL. A [Tuorescent
protemn was cloned after the IREES. 2931 cells were transfected with the transfer vectors
along with an expression plasmid coding for the RD114 envelope and a further expression
plasmid which supplics gamma-retroviral gagpol. After 48 and 72 hours, supernatant was
harvested. T-cell lines were transduced by exposing the T-cells to the supernatarnt in the
presence of retronectin, Primary human T-cells were transduced in a similar manner but
were stimulated with anti-CD3 and anti-CD28 and 11.2 beforchand. To determin: TCR
surface expression. T-celis were stained with fluorescent monoclonal antibodies which
recognize CD3/TCRD washed and analysed by flow-cytometry.

In mitial experiments. the sclvs from hyvbridomas OK'T3 and BMAO3 1 were used.
Some reduction in TCR expression was noted (Figure 1), In addition. TCR knockdown in
non-transduced 'T-cells in the same culture system were observed. This sucoested that the
sct v was leaking out of the cells and blocking staining for the TCR rather than blocking its
maturation and cxit to the cell surface.

Consequently, similar constructs were generated from other anti-TCR/CD3
hybridomas.  These were carefully selected from the literature on the basis that they are
Known to be able to stain intracellularly — hence being able to recognize the assembling

FOR/CDS complex in a nascent stage before access to the Golei has passed. The anti-

'
"t
Pk
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TCR/CDS antibody UCHTT (Beverley, P. C. & Callard, R. 5. Distinctive functional
characteristics ot human 17 lymphocytes defined by E rosctting or a monoclonal anti-1
cell antibody. Bur. Jo Immunol. 11, 329-334 (1981)) was chosen for this application.
Figure 2 shows the amino acid secquence of the S-UCHTT-KDEL molecule. Figare 3(a)

> depiets the structure of this molecule, and FFigure 3(b) shows its presumed mechanism of
action.

Jurkat T-cclls were transduced with this construct and stained with anti-1TCR/CI?3
antibodics. ‘The retention protein was co-expressed with the fluorescent marker protein
cBEP2. The clone of staining antibody was carcfully chosen as to not compete with

10 UCHTE binding. As a control, Jurkat T-cclls which have had their TCR alpha and beta
cham genes disrupted were also stained. Complete reduction of surface TCR wis observed

m transduced (but not non-transduced Jurkat T-cells) (Figure 4).

Peripheral blood T-cells from normal donors were transduced with UCH T 1-sekdel.
Transduced T-cells were stamed with a non-cross-reactive anti-CD3/TCR mADb and

1> analysed by flow-cytometry. Lack of TCR expression was scen on T-cells expressing the

marker gene (Figure 5). Fluorescent signal was down to that of isotype control in this
population.
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SEQUENCE LISTING

SEQ ID NO: 1
CDRI of UCHTI (Humanised) VI

GYSEFTGY'T

SEQ ID NO: 2
CDR2 of UCHTI (Humanised) VH

INPYKGVS

SEQID NO: 3
CDR3 of UCHTT (Humanised) VH

ARSGYYGDSDWYIDV

SEQ ID NO: 4
CDRT of UCHT1 (Humanised) VL

ODIRNY

SEQ D NO: 5
CDR2 of UCHT1 (Humanised) VI.

Y 'S

SEQ ID NO: 6
CDR3 of UCHT1 (Humanised) VL

QOQOGNTLPWT

o

oS
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SEQ ID NO: 7
HCVR of UCHTI (Humanised)

EVOQLVESGGGLVQPGOGSERLSCAASGYSFTGY TMNWVYROAPGKGLEW VA
LINPYKGVSTYNQRKEKDRETISVDKSKNTAYLOMNSLRALEDTAVYYCARS

GYYGUGDSDWYIFDVWGQGTLVITVS

SEQ ID NO: 8
LCVR ot UCHTT (Humanised)

DIOMTQSPSSLSASVOGNRVTITCRASQDIRNYLNWYQOQKPGKAPKLLIYY'T
SREESGVPSRESGSGSGTDY TLTISSLOQPEDFATYYCQQGNTEPWITHFGOQGTK

ViEIK

SEQ ID NO: 9
CDR1 ot Jovi.l (Murine) VH

GYTHETGY

SEQ ID NO: 10
CDR2 of Jovi.l (Murine) VH

NPYNDD

SEQ ID NO: 11
CDR3 of Jovi.l (Murine) VH

SAGYNEDGAYRIEFFDE

SEQ D NO: 12
CDRI of Jovi.l (Murine) VL

f \
N
|
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RSSORI.VHSNGNTY LI

SEQ ID NO: 13

CDR2 of Jovi.l (Murine) VI

RVSNREP

SEQ 1D NO: 14
CDR3 of Jovi.1 (Murine) VL

SOSTHVPYT

SEQ ID NO: IS
HCVR of Jovi.l (Murine)

EVRLOOSGPDLIKPGASVKMSCRKASGYTETGY VMITWVKORPGOGLEWIG
FINPYNDDIQSNERFRGKATLTSDKSSTTAYMELSSLTSEDSAVY YCARGA

GYNFDGAYRFFDEWGQGTTLTVS

SEQ ID NO: 16
[LCVR of Jovi.l (Murine)

DVVMITQSPLSLPVSILGDOQASISCRSSQRELVHSNGNTYLHWYLQKPGOQSPRIT
LIYRVSNREPGVPDRESGSGSGTDFTLKISRVEAEDLGIYEFCSQSTHVPY TG

GGTKLETKR

s d
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CLAIMS

A molecule which disrupts the expression of native T cell receptor (TCRy ina '
celll which molecule compriscs a binding portion comprising a binding ¢omain
which binds to one or more components of the TCR/CD3 complex. and « retention
portion comprising a retention domain that retains the one or more components

within the endoplasmic reticulum (1ER) or Golgi apparatus.

A molcecule according to claim 1, wherein the onc or more components are not

assembled to form the TCR/CD3 complex.

A molecule according to claim 1, wherein the one or more components arce

assembled to form the TCR/CD3 complex.

A moiccule according to any one of the preceding claims. wherein the biading
domain is a single chain variable fragment (sclv) . a sclv-Fe. a sinele-domain

antibody. or a monoclonal antibody.

A molccule according to claim 4, wherein the single-domain antibody is a camelid

antibody. an artificial Vit fragment or an [gNAR.

A molecule according to any one of the preceding claims, wherein the binding

domain bimds to CD3-epsilon (CD3g) or TCR beta chain.

A molecule according to claim 6. wherein the binding domain is a UCTH
antibody or a Jovi i antibody. or is derived from a UCHTT antibody or a Jovi. |

antibody.

A molecule according to claim 6 or 7, wherein the binding domain compriscs (a)
three heavy chain CDRs (IHHCDRI, HCDR2 and HCDR3) contained within the
HOVR sequence of SEQ 1D NO: 7 and/or three light chain CDRs (LCDR 1, LLCDR?

and LCDR3) contained within the LCVR sequence of SEQ 1D NO: 8. or (b) three
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heavy cham CDRs (HCDR 1, HCDR2 and HCDR3) contained within the HOVR
sequence of SEQ 11 NO: 15 and/or three light chain CDRs (ILCDR 1. LLCDR2 and
[.LCDR3) contamed within the LCVR scquence of SEQ 1D NO: 16.

A molecule according to any onc of the preceding claims. wherein the retention
domain 1s a kdel sequence. a KKXX motif. a KXKXX motif. a tail ol adenoviral
219 protem having sequence KYKSRRSFIDEKKMP, or a fraement of HILA

mvariant chain having sequence MEHRRRSRSCR.

HO. A molecule according to any one of the preceding claims. wherein the retention

L.

L0,

domain is a kdel scquence.

A molecule according to any onc of the previous claims. whercein the retention

domam is C-terminal to the binding domain.

A nucleic acid sequence encoding a molecule as defined in claim 1. comorising a

nucleie acid sequence encoding a binding portion comprising a binding comain

which binds to onc or more components of TCR/CID3 complex, and a retention
portion comprising a retention domain that retains the one or more components

within the ER or Golgl apparatus.

A nucleie acid construct comprising a first nucleic acid sequence according 1o

claim 12, and a second nucleic acid sequence which encodes a chimeric antioen

receptor (CAR).

A nucleie acid construct according to claim 13, comprising a third nucleic acid

sequence which encodes a suicide gene.

L —

-Anuclere acid construct comprising a first nucleic acid scquence according to

claim 12, and a sccond nucleic acid sequence which encodes a suicide eone.

A nucleie acid construct according to claim 14 or 15, wherein the suicide gene is

RORSE. 1CaspY or thymidine kinasc.
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- A nucleic acid construct according to any onc of claims 13 1o 16, wheremn one or

more of the nucleic acid scquences arc linked by a nucleic acid sequence encoding

a foot-and-mouth discase 2A-like pepude.

A vector comprising the nucleic acid scquence according to claim 12 or the nucleie

acid construct according to any onc of ¢laims 13 1o 17.

A vector according to claim 18, wherein the vector 1s a viral vector or a non-viral

veCctor.

A vector according to claim 19, wherein the viral vector 1s a retrovirus, a lentivirus.

an adenovirus, an adeno-associated virus. a vacceinia virus or a herpes smmplex

VITUS.

. A vector according to ctatm 20, wherein the viral vector 1s a gamma-retrovirus.

A vector according to claim 20, wherein the viral vector 1s a lentivirus.,

. A vector according to claim 18, wherein the non-viral vector is a DNA prasmid. a

naked nucleic acid. a nucieic acid complexed with a delivery vehicle. or an

artificial virion.

A vector according to claim 23, wherein the delivery vehicle 1s a iposome.

VIrosome, or immunoliposome.

. A mcthod tor producing a | cell expressing a molecule as defined in claim 1.

COMPrising:

(a) transfecting or transducing a 'I cell with a nucleic acid sequence as defined in
clatm 12 or a nucleic actd construct as defined inanv onc of claims 13 to 17
and

(b) expressing the molecule i the T cell.
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26. A mcethod according to claim 24, wherein the transfection or transformation of step

(b) 1s performed using a vector according to any one of ¢claims 18 to 24,

27. A | cell comprising (a) a nucleic acid sequence as defined in claim 12 o1 a nucleic
acid construct as defined inany onc of claims 13 to 7. or (b) a vector as detined in

any onc of claims 18 1o 24,

28.A | cellaccording to claim 27. wherein the nucleic acid sequence encoding the

molccule 1s incorporated to the genome of the cell.

29. A T cell according to claim 27 or 28. wherein the nucleic acid construct comprises
a nucleice acid sequence encoding a CAR and/or a nucleic acid scquence encodine g
surctde gene, and wherein the nucleic acid sequence encoding the CAR and/or the
nucleic acid sequence encoding a suicide gene is incorporated to the ecnome of the

cell.

50. A method for reducing or completely climinating expression of native TCR ina 't
cell. comprising
(a) providing a nuclcrc acid sequence as defined in claim 12 or a nucleic acid
construct as defined i any one of claims [3 to 17, or a vector encoding the nucieic
acld scquence or nucleic acid construct:
(b) transfecting or transducing the T cell with the nucleic acid sequence. nucleic
acid construct or vector: and

(¢) expressing the molecule in the T cell.

wJ

A method for producing a I cell having reduced or completely eliminated
cxpression of native TCR, comprising
(a) providing a 'l ¢cell;
(b) transfecting or transducing the T cell with a nucleic acid sequence as delined in
claim 12 or a nucleic acid construct as defined in any one of ¢laims 13 10 17. or a
vector encoding the nucleic acid sequence or nucleic acid construct: and

(¢) expressing the molecule in the T cell.
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32. A method of reducing or preventing graft versus host discase (GVHD) 1 a patient
associated with the administration of one or morec CAR T ccells to the patient.
cComprising

(a) transfecting or transducing the onc or more CAR T cells with a nucle:c acid

‘A

sequence as defined in claim 12 or a nucleic acid construct as defined m any one of
claims 13 to 17. or a vector encoding the nucleic acid sequence or nucleie acid

construct: and

(b) administering the CAR I ¢cells to the patient.

A mcthod of reducing or preventing GVIHD in a patient associated with the

d
1\})

L ()
transfusion of one or more CAR T cells to the patient, comprising
(a) eencrating the once or more CAR T cells by transfecting or transducing onc or
more 1T cells with a nucleic acid construct as defined in clamm 13, or a vector

cncoding the nucleic acid construct: and

LAY

(b) administering the CAR T cells to the patient.

34. A method of reducing or preventing GVHD n a patient assocrated with the

transfusion of one or more CAR T cells to the patient, comprising

(a) producing one or more T cells expressing a molecule as detined m claim | by (1)
20 nroviding onc or more T cells; (11) transfecting or transducing the onc or more |

cells with a nucleie acid scquence as defined in claim 12 or a nucleic acid construct

as defined in claim 135, or a vector encoding the nucleic acid scquence or nuclerc

acid construct; and (i11) expressing the molecule in the one or more 1 ¢cels:

(b) converting the one or more 'l cells into on or more CAR T cetls by transfecting
23 or transducing the one or more | cells with a construct encodimyg a CAR and

expressmge the CAR; and

(¢) administering the CAR T cells to the patient.

(o
(0

. A method according to any onc of claim 31 to 33, wherein the patient 1s human.

36. A methoed according to any one of claims 32 to 34, wherein the CAR compriscs an
antigen recognition domain that is specitic for a tumour antigen. a viral antigen. a
bacterial antigen. a fungal antigen, a protozoal antigen. a host antigen. or a

cyvtokine.
)
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37. A nucleic acid scquence as defined in claim 12 or a nucleic acid construct as
defined in claim 135 for use in a method of reducing or preventing GVHI in a

natient associated with the administration of onc or more CAR T cells to the

(1t

paticnt. the method comprising (a) transfecting or transducing the one or more
CAR T cells with the nucleic acid sequence or nucleic acid construct anda (b)

administering the CAR T cells to the patient.

38. A nucleic acid construct as defined in claim 13 for usc in a method of recucimg orn

1 () preventing GVHD in a patient associated with the administration of one or more
CAR T cells to the patient. the method comprising (a) generating the one or more

CAR T cells by transfecting or transducing onc or more ' cells with the nucleice

acid construct and (b) administering the CAR T cells to the patient.

(/1

39, Use of a nucleic acid sequence as defined in clamm 12 or a nucieic acid construct as
defined 1 claim 15 in the manufacture of @ medicament for the treatmen: of cancer
or an autoimmune condttion. wherein the medicament comprises one or more C AR

1" cells transfected or transduced with the nucleic acid sequence or nucleic acid

20 construct.

40. Use of a nucleic acid construct as defined in claim 13 in the manufacture of a
medicament for the treatment of cancer or an autoimmune condition, wherein the
mcdicament comprises one or more CAR T cells transtected or transducced with the

nuclere acid construct.

D
A

41. A mcthod of treating a discasc in a patient in need thereol, comprising
administering to the patient a therapeutically effective number of CAR T cells
cexpressine a molecule as defimed m clamm .
50

42. A method according to claim 41, wherein the discase is cancer.

43. A mcthod according to claim 42, whercin the cancer 1s acute myeloid leukacnmia.

41



L

CA 02937157 2016-07-25

44, A method according to claim 43, wherein onc or more of the CAR T cells are

spectfic for one or more of CD33, CDI123 and CLILIL.
45. A method according to ¢claim 41, wherein the discase 1s an autoimmune condition.
46. CAR T cells expressing a molecule as defined i clamm 1. for use i a mcthod of

rearing a discase i a patient in need thercof, the method comprising admimnistering

o the patient a therapeutically effective number of cells.

I~
I
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