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METHOD

FIELD OF THE INVENTION

The invention relates to methods using cells which co-express a chimeric antigen
receptor (CAR) and a mutant version of calcineurin A and/or calcineurin B which is
resistant to a calcineurin inhibitor. The invention provides a method for treating a
disease in a subject, which comprises the step of administering such cells to a
subject. The subject may be receiving or have received treatment with a calcineurin
inhibitor.  The CAR-expressing cells may be administered prior to, following,

simultaneously with or in combination with a calcineurin inhibitor.

BACKGROUND TO THE INVENTION

Prevention of rejection

In solid organ transplants or hematopoietic stem cell transplants (HSCT), mismatches
in HLA between recipient and donor can lead to rejection of the organ or graft-vs-host
disease (GVHD) respectively. Immunosuppressive drugs can mitigate these
outcomes but, due to their broadly inhibitory action against immune cells, they

increase the risk of opportunistic infections.

Alloreactive T-cells that recognise mismatches HLA via their T-cell receptor (TCR) are
major mediators of rejection and GVHD. CD8+ T cell specificity is dictated by the
clonotypic TCR which recognises short antigenic peptides presented on MHC class |
molecules. MHC class | molecules are non-covalent heterodimers made up of the
membrane-integral, highly polymorphic a-chain and the non-membrane attached non-

polymorphic B2 microglobulin (f2m).

Adoptive cell therapy (ACT) involves administrating disease-relevant immune cells to
a subject. For example, where the subject has a cancer, ACT may involve

administering immune cells with direct anticancer activity.

ACT using naturally occurring tumour-reactive lymphocytes has mediated durable,
complete regressions in patients with melanoma and has also been used in the
treatment of epithelial cancers. In addition, the ability to genetically engineer
lymphocytes to express conventional T cell receptors (TCRs) or chimeric antigen
receptors (CARSs) has further extended the successful application of ACT for cancer

treatment.
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Graft rejection by the host is also a problem for ACT, particularly for CAR-T cells.

CARs are artificial proteins which are typically composed of a targeting domain, a
spacer domain, a transmembrane domain and a signaling domain. The targeting
domain is typically derived from an scFv which may be murine. While this scFv can
be human or humanized and other components individually are derived from self-
proteins, the junctions between them can still be immunogenic. For instance, within
the scFv there are junctions between the heavy chain and the linker and the linker
and the light chain. There is then a junction between the scFv and the spacer domain.
If the transmembrane domain is not continuous with the spacer there is a further
junction there. Similarly, if the transmembrane domain is not continuous with the
amino-terminal portion of the endodomain, there is a further junction there. Finally,
most endodomains have at least two components and sometimes more with junctions

subsequently between each component.

In addition, CAR T-cells are often engineered with further components. These
components include suicide genes (e.g. the HSV-TK enzyme). This enzyme was
found to be highly immunogenic and caused a cellular immune depletion of CAR T-
cells outside of the context of the profound immunosuppression of haploidentical
haematopoietic stem cell transplantation. Other less immunogenic suicide genes may
still provide some immunogenicity, as almost every kind of engineered component
which involves a fusion between two proteins or use of a xenogeneic protein can be

immunogenic.

An important concern in CAR T-cell therapy is the production of antibodies and CTLs
against these non-natural components which may result in CAR T-cell rejection.
Several studies using murine CAR scFvs have reported that anti-murine scFv CAR
antibodies and CTLs are generated after CAR T-cell infusion. The problem of CAR-T
cell rejection is particularly acute where the treatment involves multiple rounds of

CAR T cell reinfusion.

To date, CAR T-cells have been primarily generated from autologous T-cells.
However, in some circumstances, T-cells from an allogeneic donor are used. This can
occur if for instance the patient has had an allogeneic haematopoietic stem cell

transplant. In this case, harvested T-cells will be allogeneic. Otherwise, a patient may
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have insufficient T-cells to generate a CAR T-cell product due to chemotherapy

induced lymphopenia.

Rejection of allogeneic cells can be due to minor mismatch or major mismatch. Minor
mismatch occurs in the setting where allogeneic T-cells are human leukocyte antigen
(HLA)-matched to the recipient. In this case, rejection occurs due to minor
histocompatibility antigens which are non-HLA differences between individuals which
result in presentation of non-self (donor) epitopes / immunogeneic peptides on HLA.
In the case where donor and recipient are mismatched, or are only partially matched.
T-cell receptors (TCR) on endogenous T-cells of a recipient can interact in a non-
specific way with a mismatched HLA and cause rejection consequently. Both minor

and major forms of allogeneic rejection are caused by HLA interacting with TCR.

There is thus a need to address the problem of rejection of adoptively transferred
immune cells, particularly in allogeneic settings and where the treatment involves

repeated dosing of CAR-T cells.

Preconditioning

ACT has multiple advantages compared with other forms of cancer immunotherapy
which rely on the active in vivo development of sufficient numbers of anti-tumour cells
with the function necessary to mediate cancer regression. For use in ACT, large
numbers of antitumor lymphocytes (up to 10') can be readily grown in vitro and
selected for high-avidity recognition of the tumour, as well as for the effector functions
required to mediate cancer regression. /n vitro activation allows such cells to be
released from the inhibitory factors that exist in vivo. Also, ACT enables the
manipulation of the host before cell transfer to provide a favourable microenvironment

that better supports antitumor immunity.

In this respect, it has been shown that preconditioning a patient with one or more
immunosuppressive chemotherapy drugs prior to T cell infusion can increase the
effectiveness of the transplanted T cells. For example, patients may receive
cyclophosphamide and  fludarabine as  preconditioning to  decrease
immunosuppressive cells prior to T cell infusion. Pre-conditioning patients prior to T
cell therapies with cyclophosphamide and fludarabine improves the efficacy of the T
cell therapy by reducing the number of endogenous lymphocytes and increasing the
serum level of homeostatic cytokines and/or pro-immune factors present in the

patient.
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Fludarabine is a nucleoside analog which induces cellular cytotoxicity via multiple
pathways that ultimately lead to an inhibition of DNA synthesis. A rate-limiting step in
this process is the activity of deoxycytidine kinase, which is abundant in lymphocytes,
making them susceptible to accumulation of F-ara-ATP, the active metabolite of
fludarabine, and hence giving fludarabine particularly potent lymphodepleting

properties.

A disadvantage of using fludarabine is the associated myelosuppression which can
be profound and sometimes even fatal. Fludarabine also has known associations
with neurotoxicity. In a recent clinical trial using CAR-T cells engineered to target the
CD19 B-cell antigen to treat acute lymphoblastic leukemia, JCAR-015
(NCT02535364), two patient deaths due to cerebral edema led to trial suspension

and fludarabine was suggested as the causative agent.

There is therefore a need for alternative preconditioning regimes, preferably ones

which provide a viable alternative to the use of fludarabine.

The use of calcineurin inhibitors in transplant and autoimmunity

Calcineurin inhibitors have been mainstays of immunosuppression in solid organ
transplantation since the discovery of cyclosporine in the 1970s. Calcineurin
inhibitors are also commonly used in the treatment of autoimmune diseases such as

systemic lupus erythematosus and rheumatoid arthritis.

Commonly used calcineurin inhibitors (CNIs) include cyclosporine A (CsA), and
tacrolimus (also known as FK506). Cyclosporine is a lipophilic cyclic peptide of 11
amino acids, while tacrolimus is a macrolide antibiotic. Both drugs have been isolated
from fungi and possess similar suppressive effects on cell-mediated and humoral

immune responses.

Calcineurin is formed by two subunits: A, which is a catalytic subunit (CnA)
responsible for its phosphatase activity, and B, a regulatory subunit (CnB) that is
responsive to intracellular calcium and regulates CnA activation. As shown in Figure
1, T cell activation through TCR stimulation elevates intracellular calcium
concentration and activates CnB, which unleashes the phosphatase activity of CnA.
Activated CnA dephosphorylates cytoplasmic NFATc, a transcription factor, which

causes its translocation, along with the activated calcineurin, into the nucleus where it
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upregulates the expression of multiple cytokines and costimulatory molecules
necessary for full activation of T cells. Among NFAT family members, NFAT1,
NFAT2, and NFAT4 are involved in the transcriptional activation of genes encoding
cytokines, including IL-2 and IL-4, and CD40 ligand. Production of IL-2, in particular,

stimulates the growth and differentiation of T cells.

Because of their nature of action, it is not possible to treat a patient who is receiving a
CNI, for example following a transplant or for an autoimmune disease, with an
adoptive T-cell therapy. There are many settings in which this may otherwise be
desirable, for example, for the treatment of cancers which frequently occur in
transplant patients such as post-transplant lymphoproliferative disorders (PTLD) or
melanomas. Moreover, CAR-T cells themselves may be used for the treatment of

autoimmune diseases.

There is therefore a need for an alternative approach to generalised

immunosuppression which does not suffer from the drawbacks mentioned above.

DESCRIPTION OF THE FIGURES

Figure 1 - The role of calcineurin in T cell activation. TCR recognition of the
alloantigen (step 1) leads to an increase in the intracellular calcium concentration of T
cells (step 2), activating CnB (step 3). Once activated, the CnB unleashes the
phosphatase activity of CnA (step 4). Activated CnA dephosphorylates cytoplasmic
NFATc (step 5), a transcription factor, allowing for its translocation with activated
calcineurin into the nucleus (step 6) where it upregulates the expression of multiple
cytokines and costimulatory molecules necessary for full activation of T cells (step 7).
Generated IL-2 binds to the IL-2 receptors and induces cell activation and

proliferation (step 8).

Figure 2. Graphs to show the (A) percentage and (B) number of CAR-expressing
(RQR8-positive) cells proliferating after 96 hours co-culture with Jurkat KO, Jurkat
TRBC1 and Jurkat TRBC2 target cells, in the absence of Tacrolimus

Figure 3: Graphs to show the (A) percentage and (B) number of CAR-expressing
(RQR8-positive) cells proliferating after 96 hours co-culture with Jurkat KO, Jurkat
TRBC1 and Jurkat TRBC2 target cells, in the presence of 20ng/ml of Tacrolimus.
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Figure 4: Graphs to show the number of CAR-expressing (RQR8-positive) cells in
each division following co-culture with Jurkat KO, Jurkat TRBC1 and Jurkat TRBC2
target cells, in the absence of Tacrolimus. Proliferation analysis was calculated on
single/live/CellTrace Violet -positive cells using FlowJo™ proliferation tool and the
CD19 CAR used as the negative control for all the conditions. Cell number in each

division is plotted for each CAR + target combination.

Figure 5: Graphs to show the number of CAR-expressing (RQR8-positive) cells in
each division following co-culture with Jurkat KO, Jurkat TRBC1 and Jurkat TRBC2
target cells, in the presence of 20ng/ml of Tacrolimus. Proliferation analysis was
calculated on single/live/CellTrace Violet -positive cells using FlowJo™ proliferation
tool and the CD19 CAR used as the negative control for all the conditions. Cell

number in each division is plotted for each CAR + target combination.

Figure 6: Histogram plots showing the proliferation of CAR-expressing (RQRS8-
positive) cells following co-culture with Jurkat KO, Jurkat TRBC1 and Jurkat TRBC2
target cells, with or without the addition of 20ng/ml of Tacrolimus. Proliferation
analysis was calculated on single/live/CellTrace Violet -positive cells using FlowJo™
proliferation tool and the CD19 CAR used as the negative control for all the

conditions. Results are shown using cells from two separate donors.

Figure 7. Graph showing the cell count of non-transduced cells (NT) and TRBC2
CAR-expressing (RQR8-positive) cells before (day 0) and after (day 4) co-culture with
TRBC2 targets with or without the addition of 20ng/ml of Tacrolimus.

Figure 8: Graph showing the percentage of TRBC2 CAR-expressing (RQR8-positive)
cells before (day 0) and after (day 4) co-culture with TRBC2 targets with or without
the addition of 20ng/ml of Tacrolimus.

SUMMARY OF ASPECTS OF THE INVENTION

The present invention relates to a new approach which facilitates the simultaneous
use of calcineurin inhibitors (CNIs) and adoptive T-cell therapy, such as the use of

CAR-T cells.

This approach has a variety of different clinical applications, for example:
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it enables a patient to be preconditioned with a CNI prior to adoptive cell
therapy, thereby potentially avoiding the use of alternative preconditioning agents
such as fludarabine which may have undesirable side effects;

it enables CNIs to be used to prevent rejection of the grafted T cells by the
host, which is particularly useful for allogeneic grafted T cells and therapies involving
repeated doses of engineered T cells; and

it enables adoptive T-cell therapies to be used on a patient who is already
being treated with a CNI, for example following transplant or to treat and/or prevent

autoimmune disease.

Thus, in a first aspect, the invention provides a method for treating and/or preventing
a disease in a subject who is receiving or has received treatment with a calcineurin
inhibitor, which method comprises the step of administering to the subject a plurality
of cells which express:

(a) a chimeric antigen receptor (CAR); and

(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to

the calcineurin inhibitor.

The invention also provides a plurality of cells for use in a method of treating and/or
preventing a disease in a subject who is receiving or has received treatment with a
calcineurin inhibitor, wherein the plurality of cells express:

(a) a chimeric antigen receptor (CAR); and

(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to

the calcineurin inhibitor.

There is also provided the use of a plurality of cells in the manufacture of a
pharmaceutical composition for use in the a method of treating and/or preventing a
disease in a subject who is receiving or has received treatment with a calcineurin
inhibitor, wherein the plurality of cells express:

(a) a chimeric antigen receptor (CAR); and

(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to

the calcineurin inhibitor.

The subject may be receiving or have received treatment with a calcineurin inhibitor in
order to treat and/or prevent an autoimmune disease. For such patients, the CAR

may bind an autoantigen associated with the autoimmune disease.
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Alternatively, the subject may be post-transplant and be receiving or have received
treatment with a calcineurin inhibitor in order to prevent transplant rejection. For such
patients the CAR may binds a cancer antigen. The method may be to treat and/or
prevent a transplant-associated cancer such as post-transplant lymphoproliferative

disorder (PTLD) or a melanoma.

In a second aspect, the invention provides a method for treating a disease in a
subject, which comprises the following steps:
(i) preconditioning a patient with a calcineurin inhibitor; and
(i) administering to the subject a plurality of cells which express:
(a) a chimeric antigen receptor (CAR); and
(b) a mutant version of calcineurin A and/or calcineurin B which is

resistant to the calcineurin inhibitor.

The invention also provides a plurality of cells for use in a method of treating a
disease in a subject, wherein the plurality of cells express:

(a) a chimeric antigen receptor (CAR); and

(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to
a calcineurin inhibitor, and wherein the method involves

(i) preconditioning a patient with the calcineurin inhibitor; and

(i) administering the plurality of cells to the subject.

There is also provided the use of a plurality of cells in the manufacture of a
pharmaceutical composition for use in a method of treating a disease in a subject,
wherein the plurality of cells express:

(a) a chimeric antigen receptor (CAR); and

(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to
a calcineurin inhibitor, and wherein the method involves

(i) preconditioning a patient with the calcineurin inhibitor; and

(i) administering the plurality of cells to the subject.
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The CAR-expressing cells may be allogeneic.

The method may involve administering a plurality of doses of the CAR-expressing

cells to the subject.

The calcineurin inhibitor may be selected from cyclosporine A (CsA), and tacrolimus.

The CAR may bind to a B-cell antigen or a plasma cell antigen. For example, the
CAR may bind CD19, CD20, CD22 or BCMA.

The CAR may bind CD19 and have a CD19-binding domain which comprises a) a
heavy chain variable region (VH) having complementarity determining regions
(CDRs) with the following sequences:

CDR1 - GYAFSSS (SEQ ID No. 1);

CDR2 - YPGDED (SEQ ID No. 2)

CDR3 - SLLYGDYLDY (SEQ ID No. 3); and

b) a light chain variable region (VL) having CDRs with the following sequences:

CDR1 - SASSSVSYMH (SEQ ID No. 4);

CDR2 - DTSKLAS (SEQ ID No. 5)

CDR3 — QQWNINPLT (SEQ ID No. 6).

The cells may express one of the following mutant versions of calcineurin A and/or
calcineurin B:

calcineurin A comprising mutations T351E and L354A with reference to the
shown as SEQ ID No. 30;

calcineurin A comprising mutations V314R and Y341F and with reference to
shown as SEQ ID No 30; or

calcineurin B comprising mutation L124T and K-125-LA-Ins with reference to
shown as SEQ ID No. 31.

For example, the cells may express mutant calcineurin B having the sequence shown
as SEQ ID No. 32.

Further aspects of the invention are summarised in the following numbered

paragraphs.
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1. A cell which expresses a chimeric antigen receptor (CAR) and a mutant
version of calcineurin A and/or calcineurin B which is resistant to a calcineurin
inhibitor.

2. A cell according to paragraph 1, which expresses:

calcineurin A comprising mutations T351E and L354A with reference to the
shown as SEQ ID No. 30;

calcineurin A comprising mutations V314R and Y341F and with reference to
shown as SEQ ID No 30; or

calcineurin B comprising mutation L124T and K-125-LA-Ins with reference to
shown as SEQ ID No. 31.

3. A cell according to paragraph 1 or 2 which expresses mutant calcineurin B

having the sequence shown as SEQ ID No. 32.

4 A cell according to any preceding paragraph wherein the CAR binds a B-cell

antigen or a plasma cell antigen.

5. A cell according to paragraph 4, wherein the CAR binds CD19, CD20, CD22
or BCMA

6. A cell according to paragraph 5, wherein the CAR targets CD19.

7. A cell according to paragraph 6, wherein the CAR comprises a CD19-binding
domain which comprises a) a heavy chain variable region (VH) having
complementarity determining regions (CDRs) with the following sequences:

CDR1 - GYAFSSS (SEQ ID No. 1);

CDR2 - YPGDED (SEQ ID No. 2)

CDR3 - SLLYGDYLDY (SEQ ID No. 3); and

b) a light chain variable region (VL) having CDRs with the following sequences:

CDR1 - SASSSVSYMH (SEQ ID No. 4);

CDR2 - DTSKLAS (SEQ ID No. 5)

CDR3 — QQWNINPLT (SEQ ID No. 6).

8. A nucleic acid construct which comprises:

(i) a first nucleic acid sequence which encodes a CAR; and
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(i) a second nucleic acid sequence which encodes a mutant version of
calcineurin A and/or calcineurin B which is resistant to a calcineurin inhibitor as

defined in any of paragraphs 1 to 3.

9. A vector comprising a nucleic acid construct according to paragraph 8.

10. A kit of vectors comprising:

(i) a first vector comprising a nucleic acid sequence which encodes a CAR;
and

(i) a second vector comprising a nucleic acid sequence which encodes a
mutant version of calcineurin A and/or calcineurin B which is resistant to a calcineurin
inhibitor.

11. A pharmaceutical composition comprising a plurality of cells according to any

of paragraphs 1to 7.

12. A pharmaceutical composition according to paragraph 11 which also

comprises a calcineurin inhibitor.

13. A pharmaceutical composition according to paragraph 12, wherein the

calcineurin inhibitor is selected from cyclosporine A (CsA), and tacrolimus.

14. A method for treating and/or preventing a disease, which comprises the step
of administering a pharmaceutical composition according to any of paragraphs 11 to

13 to a subject.

15. A method according to paragraph 14, which comprises the following steps:
(i) administering a pharmaceutical composition according to any of paragraphs
11 to 13 to a subject; and

(ii) subsequently administering a calcineurin inhibitor to the subject.

16. A method according to paragraph 15, wherein step (i) involves regular
administration of the calcineurin inhibitor to the subject for a period of about 6 weeks

following administration of the cells.

17. A method according to paragraph 16, wherein the calcineurin inhibitor is

administered orally to the subject.
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18. A method for treating a disease according to any of paragraphs 14 to 17,
wherein the subject has cancer or an autoimmune disease.
19. A method according to any of paragraphs 14 to 18, wherein the cells

administered to the subject are allogeneic.

20. A pharmaceutical composition according to any of paragraphs 11 to 13 for use

in treating a disease.

21. The use of a plurality of cells according to any of paragraphs 1 to 7 in the

manufacture of a medicament for the treatment of a disease.

22. A method for making a cell according to any of paragraphs 1 to 7, which
comprises the step of introducing: a nucleic acid construct according to paragraph 6,
a vector according to paragraph 7 or a kit of vectors according to paragraph 9, into

the cell in vitro.

23. A method according to paragraph 26, which comprises the following steps:

(i) obtaining a population of cells;

(i) transducing or transfecting the cells with a nucleic acid construct according
to paragraph 8, a vector according to paragraph 9 or a kit of vectors according to
paragraph 10, into the cell;

(iii) adding a calcineurin inhibitor to the cell population from step (ii) in order to

enrich for transduced/transfected cells.

DETAILED DESCRIPTION

The present invention relates to cells which express one or more chimeric antigen

receptors (CARS).

CHIMERIC ANTIGEN RECEPTOR (CAR)

Classical CARs are chimeric type | trans-membrane proteins which connect an
extracellular antigen-recognizing domain (binder) to an intracellular signalling domain
(endodomain). The binder is typically a single-chain variable fragment (scFv) derived
from a monoclonal antibody (mAb), but it can be based on other formats which
comprise an antibody-like antigen binding site (such as a Fab) or on a ligand for the

target antigen. A spacer domain may be necessary to isolate the binder from the
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membrane and to allow it a suitable orientation. A common spacer domain used is
the Fc of IgG1. More compact spacers can suffice e.g. the stalk from CD8a and even
just the 1gG1 hinge alone, depending on the antigen. A trans-membrane domain
anchors the protein in the cell membrane and connects the spacer to the

endodomain.

Early CAR designs had endodomains derived from the intracellular parts of either the
y chain of the FceR1 or CD3(. Consequently, these first generation receptors
transmitted immunological signal 1, which was sufficient to trigger T-cell killing of
cognate target cells but failed to fully activate the T-cell to proliferate and survive. To
overcome this limitation, compound endodomains have been constructed: fusion of
the intracellular part of a T-cell co-stimulatory molecule to that of CD3( results in
second generation receptors which can transmit an activating and co-stimulatory
signal simultaneously after antigen recognition. The co-stimulatory domain most
commonly used is that of CD28. This supplies the most potent co-stimulatory signal -
namely immunological signal 2, which triggers T-cell proliferation. Some receptors
have also been described which include TNF receptor family endodomains, such as
the closely related OX40 and 4-1BB which transmit survival signals. Even more
potent third generation CARs have now been described which have endodomains

capable of transmitting activation, proliferation and survival signals.

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

expressing the targeted antigen.

ANTIGEN BINDING DOMAIN

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

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

an artificial binder single as a Darpin; or a single-chain derived from a T-cell receptor.
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Various tumour associated antigens (TAA) are known, as shown in the following

Table 1. The antigen-binding domain used in the present invention may be a domain

10

15

20

which is capable of binding a TAA as indicated therein.

Table 1

Cancer type TAA

Diffuse Large B-cell Lymphoma CD19, CD20, CD22

Breast cancer ErbB2, MUC1

AML CD13, CD33

Neuroblastoma GD2, NCAM, ALK, GD2
B-CLL CD19, CD52, CD160
Colorectal cancer Folate binding protein, CA-125
Chronic Lymphocytic Leukaemia CD5, CD19

Glioma EGFR, Vimentin

Multiple myeloma BCMA, CD138

Renal Cell Carcinoma Carbonic anhydrase IX, G250
Prostate cancer PSMA

Bowel cancer A33

The CAR may bind a B-cell antigen or a plasma cell antigen. For example, the CAR
may bind CD19, CD20, CD22 or BCMA

A CD19-targeting CAR is described in WO2016/139487.

This CAR comprises a CD19-binding domain which comprises a) a heavy chain
variable region (VH) having complementarity determining regions (CDRs) with the
following sequences:

CDR1 - GYAFSSS (SEQ ID No. 1);

CDR2 - YPGDED (SEQ ID No. 2);

CDR3 - SLLYGDYLDY (SEQ ID No. 3); and

b) a light chain variable region (VL) having CDRs with the following sequences:

CDR1 - SASSSVSYMH (SEQ ID No. 4);

CDR2 - DTSKLAS (SEQ ID No. 5);

CDR3 — QQWNINPLT (SEQ ID No. 6).
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The CDRs may be in the format of a single-chain variable fragment (scFv), which is a
fusion protein of the heavy variable region (VH) and light chain variable region (VL) of
an antibody, connected with a short linker peptide of ten to about 25 amino acids. The
scFv may be in the orientation VH-VL, i.e. the VH is at the amino-terminus of the CAR
molecule and the VL domain is linked to the spacer and, in turn the transmembrane

domain and endodomain.

The CDRs may be grafted on to the framework of a human antibody or scFv.

The CAR may comprise the following VH sequence:

SEQ ID No. 7 — CAT19 VH sequence
QVQLQQSGPELVKPGASVKISCKASGYAFSSSWMNVWWKQRPGKGLEWIGRIYPGD
EDTNYSGKFKDKATLTADKSSTTAYMQLSSLTSEDSAVYFCARSLLYGDYLDYWGQ
GTTLTVSS

The CAR may comprise the following VL sequence:

SEQ ID No 8 — CAT19 VL sequence
QIVLTQSPAIMSASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTSKLASG
VPDRFSGSGSGTSYFLTINNMEAEDAATYYCQQWNINPLTFGAGTKLELKR

The CAR may comprise the following scFv sequence:

SEQ ID No 9 — CAT19 VH-VL scFv sequence
QVQLQQSGPELVKPGASVKISCKASGYAFSSSWMNVWWKQRPGKGLEWIGRIYPGD
EDTNYSGKFKDKATLTADKSSTTAYMQLSSLTSEDSAVYFCARSLLYGDYLDYWGQ
GTTLTVSSGGGGSGGGGSGGGGSQIVLTQSPAIMSASPGEKVTMTCSASSSVSYM
HWYQQKSGTSPKRWIYDTSKLASGVPDRFSGSGSGTSYFLTINNMEAEDAATYYC
QQWNINPLTFGAGTKLELKR

The CAR of the invention may comprise a variant of the sequence shown as SEQ ID
No. 7, 8 or 9 having at least 80, 85, 90, 95, 98 or 99% sequence identity, provided
that the variant sequence retain the capacity to bind CD19 (when in conjunction with

a complementary VL or VH domain, if appropriate).
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The percentage identity between two polypeptide sequences may be readily
determined by programs such as BLAST which is freely available at

http://blast.ncbi.nim.nih.gov.

The CAR may comprise the sequence shown as SEQ ID No. 10, which comprises:
T-cell receptor beta chain V region signal peptide (underlined)

The CAT19 ScFv sequence (shown above as SEQ ID No. 19)

A human CD8 stalk spacer sequence (shown in bold)

The human CD8 stalk TM sequence (shown in italics)

A 41BB endodomain sequence (shown underlined and italics)

A CD3z endodomain sequence (shown in bold and italics)

SEQ ID No. 10 - CAT19 CAR with CD8 stk and 41BB/CD3z endodomain
MGTSLLCWMALCLLGADHADAQVQLQQSGPELVKPGASVKISCKASGYAFSSSWM
NVWKQRPGKGLEWIGRIYPGDEDTNYSGKFKDKATLTADKSSTTAYMQLSSLTSED
SAVYFCARSLLYGDYLDYWGQGTTLTVSSGGGGSGGGGSGGGGSQIVLTQSPAIM
SASPGEKVTMTCSASSSVSYMHWYQQKSGTSPKRWIYDTSKLASGVPDRFSGSGS
GTSYFLTINNMEAEDAATYYCQQWNINPLTFGAGTKLELKRSDPTTTPAPRPPTPAP
TIASQPLSLRPEACRPAAGGAVHTRGLDFACD/YIWAPLAGTCGVLLLSLVITLYCKR
GRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYQQ
GQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMA
EAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

The CAR of the invention may comprise a variant of the sequence shown as SEQ ID
No. 10 having at least 80, 85, 90, 95, 98 or 99% sequence identity, provided that the
variant sequence retain the capacity to bind CD19 and induce a T-cell activation

signal.

A CD22-targeting CAR is described in W02019/220109.

This CAR comprises a CD22-binding domain which comprises a) a heavy chain
variable region (VH) having complementarity determining regions (CDRs) with the
following sequences:

CDR1 - NFAMA (SEQ ID No. 11)

CDR2 - SISTGGGNTYYRDSVKG (SEQ ID No. 12)

CDR3 - QRNYYDGSYDYEGYTMDA (SEQ ID No. 13); and
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b) a light chain variable region (VL) having complementarity determining regions
(CDRs) with the following sequences:

CDR1 - RSSQDIGNYLT (SEQ ID No. 14)

CDR2 - GAIKLED (SEQ ID No. 15)

CDRS3 - LQSIQYP (SEQ ID No. 16).

The CAR may comprise the following VH sequence:

SEQ ID No. 17 — 9A8 VH sequence
EVQLVESGGGLVQPGRSLKLSCAASGFTFSNFAMAVWRQPPTKGLEVWVASISTGG
GNTYYRDSVKGRFTISRDDAKNTQYLQMDSLRSEDTATYYCARQRNYYDGSYDYE
GYTMDAWGQGTSVTVSS

The CAR may comprise the following VL sequence:

SEQ ID No 18 — 9A8 VL sequence
DIQMTQSPSSLSASLGDRVTITCRSSQDIGNYLTWFQQKVGRSPRRMIYGAIKLEDG
VPSRFSGSRSGSDYSLTISSLESEDVADYQCLQSIQYPFTFGSGTKLEIK

SEQ ID No 19 - 9A8 scFV sequence

DIQMTQSPSSLSASLGDRVTITCRSSQDIGNYLTWFQQKVGRSPRRMIYGAIKLEDG
VPSRFSGSRSGSDYSLTISSLESEDVADYQCLQSIQYPFTFGSGTKLEIKRSGGGGS
GGGGSGGGGSEVQLVESGGGLVQPGRSLKLSCAASGFTFSNFAMAVWRQPPTKG
LEVWASISTGGGNTYYRDSVKGRFTISRDDAKNTQYLQMDSLRSEDTATYYCARQR
NYYDGSYDYEGYTMDAWGQGTSVTVS

The CAR may comprise a variant of the sequence shown as SEQ ID No. 17 to 19
having at least 80, 85, 90, 95, 98 or 99% sequence identity, provided that the variant
sequence retain the capacity to bind CD22 (when in conjunction with a

complementary VL or VH domain, if appropriate).

The CAR may comprise the sequence shown as SEQ ID No. 20, which comprises:
Murine Ig kappa signal peptide (underlined)

ScFv sequence (shown above as SEQ ID No. 19)

human CD8a stalk spacer sequence (shown in bold)

human CD8a stalk TM sequence (shown in italics)

A 41BB endodomain sequence (shown underlined and italics)
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A CD3z endodomain sequence (shown in bold and italics)

SEQ ID No. 20 - 9A8 CAR

METDTLLLWVLLLLVPGSTGDIQMTQSPSSLSASLGDRVTITCRSSQDIGNYLTWFQ
QKVGRSPRRMIYGAIKLEDGVPSRFSGSRSGSDYSLTISSLESEDVADYQCLQSIQY
PFTFGSGTKLEIKRSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGRSLKLSCAAS
GFTFSNFAMAVWVRQPPTKGLEWVASISTGGGNTYYRDSVKGRFTISRDDAKNTQYL
QMDSLRSEDTATYYCARQRNYYDGSYDYEGYTMDAWGQGTSVTVSSDPTTTPAP
RPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACD/YIWAPLAGTCGVLLLSL
VITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSA
DAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

The CAR may comprise a variant of the sequence shown as SEQ ID No. 20 having at
least 80, 85, 90, 95, 98 or 99% sequence identity, provided that the variant sequence

retain the capacity to bind CD22 and induce a T-cell activation signal.

A BCMA-targeting CAR is described in W02020/065330.

This CAR comprises a BCMA-binding domain which comprises a) a heavy chain
variable region (VH) having complementarity determining regions (CDRs) with the
following sequences:

CDR1 - GFIFSDYN (SEQ ID No. 21)

CDR2 - IIYDGSST (SEQ ID No. 22)

CDR3 - ATRPGPFAY (SEQ ID No. 23); and

b) a light chain variable region (VL) having complementarity determining regions
(CDRs) with the following sequences:

CDR1 - QSLLHSNGNTY (SEQ ID No. 24)

CDR2 - LVS (SEQ ID No. 25)

CDR3 - VHGTHAWT (SEQ ID No. 26)

SEQ ID No. 27 — D8 VH sequence
EVQLVESGGGLVQPGRSLKLSCAASGFIFSDYNMAVWRQAPKKGLEVWATIIYDGS
STNHGDSVKGRFTISRDNAKSTLYLQMDSLRSEDTATYYCATRPGPFAYWGQGTLYV
TVS



WO 2021/205173 PCT/GB2021/050863
19

The CAR may comprise the following VL sequence:

SEQ ID No 28 — D8 VL sequence
5 DVVLTQTPPTLSATIGQSVSISCRSSQSLLHSNGNTYLHWLLQRPGQSPQFLIYLVS
GLGSGVPNRFSGSGSGTDFTLKISGVEAEDLGIYYCVHGTHAWTVGGGTKLELK

The CAR may comprise a variant of the sequence shown as SEQ ID No. 27 and/or
28 having at least 80, 85, 90, 95, 98 or 99% sequence identity, provided that the
10  variant sequence retain the capacity to bind CD22 (when in conjunction with a

complementary VL or VH domain, if appropriate).

The ant-BCMA CAR may be a FabCAR. The CAR may comprise the sequence
shown as SEQ ID No. 29, which comprises:
15¢  Murine Ig kappa signal peptide (underlined)
e anti-BCMA VL sequence (shown above as SEQ ID No.28)
e Human Ig kappa constant region (shown in italics)
o P2A self-cleaving peptide (shown in bold)
o Murine Ig heavy chain V region 102 signal peptide (shown in grey and underlined)
200 anti-BCMA VH sequence (shown above as SEQ ID No.27; in grey)
e Human IgG1-CH1 domain (shown in grey italics)
e Human IgG1-Hinge (in bold and underlined)
e Linker (in italics and underlined)
e Human CD28 TM sequence (in bold and italics)
25¢ A 41BB endodomain sequence (in grey underlined and italics)

e A CD3z endodomain sequence (in grey bold and italics)
SEQ ID No. 29 D8 FabCAR

30 METDTLILWVLLLLVPGSTGDVVLTQTPPTLSATIGQSVSISCRSSQSLLHSNGNTYL
HWLLQRPGQSPQFLIYLVSGLGSGVPNRFSGSGSGTDFTLKISGVEAEDLGIYYCVH
GTHAWTVGGGTKLELKRTVAAPSVFIFPPSDEQLKSGTASVVCLLNNFYPREAKVQ
WKVDNALQSGNSQESVTEQDSKDSTYSLSSTLTLSKADYEKHKVYACEVTHQGLSS
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The CAR comprise a variant of the sequence shown as SEQ ID No. 29 having at
least 80, 85, 90, 95, 98 or 99% sequence identity, provided that the variant sequence

retain the capacity to bind BCMA and induce a T-cell activation signal.

Where the method of the invention is for the treatment of an autoimmune disease, the

CAR may target an autoantigen. For example, the CAR may target....

The target antigen may be expressed on a solid cancer. For example, the target may

be PSMA for the treatment of prostate cancer.

The CAR-expressing cell may target a cell which is not a T-cell, such as a B-cell,
plasma cell or cancerous cell of non-T-cell origin such a malignant epithelial cell. The
CAR target antigen may not form part of the T-cell receptor complex. The target

antigen may be an antigen other than TRBC1 or TRBC2.

TRANSMEMBRANE DOMAIN

The transmembrane domain is the sequence of a CAR that spans the membrane. It
may comprise a hydrophobic alpha helix. The transmembrane domain may be
derived from any transmembrane protein such as from the melanocyte protein Tyrp1,
or from CD8 or CD28.

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

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

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

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

peptides are then digested by specific proteases.

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

to orient in different directions to facilitate binding.

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

IgG1 spacer may be altered to remove Fc binding motifs.

ENDODOMAIN

The endodomain is the signal-transmission portion of the CAR. It may be part of or
associate with the intracellular domain of the CAR. After antigen recognition,
receptors cluster, native CD45 and CD148 are excluded from the synapse and a
signal is transmitted to the cell. The most commonly used endodomain component is
that of CD3-zeta which contains 3 ITAMs. This transmits an activation signal to the T
cell after antigen is bound. CD3-zeta may not provide a fully competent activation
signal and additional co-stimulatory signalling may be needed. Co-stimulatory signals
promote T-cell proliferation and survival. There are two main types of co-stimulatory
signals: those that belong the Ig family (CD28, ICOS) and the TNF family (OX40,
41BB, CD27, GITR etc). For example, chimeric CD28 and OX40 can be used with

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

The endodomain may comprise:

0] an ITAM-containing endodomain, such as the endodomain from CD3 zeta;
and/or

(i) a co-stimulatory domain, such as the endodomain from CD28 or ICOS; and/or
(i) a domain which transmits a survival signal, for example a TNF receptor family
endodomain such as OX-40, 4-1BB, CD27 or GITR.

A number of systems have been described in which the antigen recognition portion is

on a separate molecule from the signal transmission portion, such as those described
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in WO015/150771; W02016/124930 and W02016/030691. The CAR of the present
invention may therefore comprise an antigen-binding component comprising an
antigen-binding domain and a transmembrane domain; which is capable of interacting
with a separate intracellular signalling component comprising a signalling domain.
The vector of the invention may express a CAR signalling system comprising such an

antigen-binding component and intracellular signalling component.

CALCINEURIN MUTANTS

The cells of the present invention co-express a CAR and a mutant version of

calcineurin A and/or calcineurin B which is resistant to a calcineurin inhibitor.

Calcineurin (CaN) is a calcium and calmodulin dependent serine/threonine protein
phosphatase involved in T-cell activation. Calcineurin is a heterodimer of a 61-kD
calmodulin-binding catalytic subunit, calcineurin A (CnA) and a 19-kD Ca?*-binding

regulatory subunit, calcineurin B (CnB).

The role of calcineurin in T-cell activation is shown in Figure 1. Recognition of an
antigen by the T-cell receptor (TCR) leads to an increase in the intracellular calcium
concentration of T cells activating CnB. Once activated, the CnB unleashes the
phosphatase activity of CnA. Activated CnA dephosphorylates cytoplasmic NFATc, a
transcription factor, allowing for its translocation with activated calcineurin into the
nucleus where it upregulates the expression of multiple cytokines (including IL2) and

costimulatory molecules necessary for full activation of T cells.

Calcineurin is the target of a class of drugs called calcineurin inhibitors, which include

cyclosporin, voclosporin, pimecrolimus and tacrolimus.

The calcineurin inhibitor may be cyclosporine A (CsA) or tacrolimus (also known as
FK506). Cyclosporine is a lipophilic cyclic peptide of 11 amino acids, while tacrolimus
is a macrolide antibiotic. Both drugs have been isolated from fungi and possess
similar suppressive effects on cell-mediated and humoral immune responses. CNIs
bind intracellular proteins called immunophilins: cyclophilins in the case of
cyclosporine, and the FK-binding proteins in the case of tacrolimus. The drug-
receptor complex specifically and competitively binds to and inhibits calcineurin,
leading to reduced transcriptional activation of cytokine genes and reduction in

proliferation of T lymphocytes.
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Cyclosporine and tacrolimus are the most commonly used CNIs in transplant
recipients. Cyclosporine was initially approved in 1983 by the U.S. Food and Drug
Administration (FDA) for immunosuppression following organ transplantation, and in
1995 a microemulsion formulation of cyclosporine (associated with better
bioavailability and more consistent absorption) was approved. Cyclosporine
formulations are usually administered twice daily. Tacrolimus received FDA approval
in 1994 for liver transplant recipients, and in 1997 for kidney transplants. Tacrolimus
is usually administered twice daily, but recently became available as an extended
release once-daily formulation. FDA-approved generic equivalents are available for
tacrolimus immediate release formulations, as well as modified and unmodified

cyclosporine.

The cell of the present invention may express calcineurin A and/or B comprising one
or more mutations which increases its resistance to one or more immune suppressive
drugs. For example, the cell may comprise one or more mutations which renders the

cell resistant to tacrolimus and/or cyclosporin.

The cell may comprise a nucleic acid sequence encoding calcineurin (CN) with one or
more mutations. Brewin et al (2009; Blood 114: 4792-4803) describe various
calcineurin mutants which render cytotoxic T lymphocytes resistant to tacrolimus

and/or cyclosporin.

As explained above, calcineurin is a heterodimer of a 61-kD calmodulin-binding
catalytic subunit, calcineurin A and a 19-kD Ca2+-binding regulatory subunit,
calcineurin B. There are three isozymes of the catalytic subunit, each encoded by a
separate gene (PPP3CA, PPP3CB, and PPP3CC) and two isoforms of the regulatory,
also encoded by separate genes (PPP3R1, PPP3R2). The amino acid sequences for
all of the polypeptides encoded by these genes are available from Uniprot, with the
following accession numbers: PPP3CA: Q08209; PPP3CB: P16298; PPP3CC:
P48454; PPP3R1: P63098; and PPP3R2: Q96LZ3.

The amino acid sequence for calcineurin A, alpha isoform is shown below as SEQ ID
No. 30.

SEQ ID No. 30 (calcineurin A)
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MSEPKAIDPKLSTTDRVVKAVPFPPSHRLTAKEVFDNDGKPRVDILKAHLMKEGRLE
ESVALRIITEGASILRQEKNLLDIDAPVTVCGDIHGQFFDLMKLFEVGGSPANTRYLFL
GDYVDRGYFSIECVLYLWALKILYPKTLFLLRGNHECRHLTEYFTFKQECKIKYSERV
YDACMDAFDCLPLAALMNQQFLCVHGGLSPEINTLDDIRKLDRFKEPPAYGPMCDIL
WSDPLEDFGNEKTQEHFTHNTVRGCSYFYSYPAVCEFLQHNNLLSILRAHEAQDAG
YRMYRKSQTTGFPSLITIFSAPNYLDVYNNKAAVLKYENNVMNIRQFNCSPHPYWLP
NFMDVFTWSLPFVGEKVTEMLVNVLNICSDDELGSEEDGFDGATAAARKEVIRNKIR
AIGKMARVFSVLREESESVLTLKGLTPTGMLPSGVLSGGKQTLQSATVEAIEADEAIK
GFSPQHKITSFEEAKGLDRINERMPPRRDAMPSDANLNSINKALTSETNGTDSNGSN
SSNIQ

Mutant calcineurin A may comprise a mutation at one or more of the following
positions with reference to SEQ ID No. 30: V314; Y341; M347; T351; W352; S353; :
L354; F356; and K360.

Mutant calcineurin A may comprise one or more of the following substitution
mutations with reference to SEQ ID No. 30:

V314K, V314R or V314F;

Y341F;

M347W, M347R or M347E;

T351E;

W352A, W352C or W352E;

S353H or S353N;

L354A;

F356A; and

K360A or K360F.

Mutant calcineurin A may comprise one or more of the following mutation
combinations with reference to SEQ ID No. 30:

L354A and K360A;

L354A and K360F;

T351E and K360F;

W352A and S353H;

T351E and L354A;

W352C and K360F,;

W352C; L354A and K360F;

V314K and Y341F; and
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V314R and Y341F.

The amino acid sequence for calcineurin B, type 1 is shown below as SEQ ID No. 31

SEQ ID No. 31 (calcineurin B)
MGNEASYPLEMCSHFDADEIKRLGKRFKKLDLDNSGSLSVEEFMSLPELQQNPLVQ
RVIDIFDTDGNGEVDFKEFIEGVSQFSVKGDKEQKLRFAFRIYDMDKDGYISNGELFQ
VLKMMVGNNLKDTQLQQIVDKTIINADKDGDGRISFEEFCAVVGGLDIHKKMVVYDYV

Mutant calcineurin B may comprise a mutation at one or more of the following
positions with reference to SEQ ID No. 31: Q51; L116; M119; V120; G121; N122;
N123; L124; K125; and K165.

Mutant calcineurin B may comprise one or more of the following substitution and
optionally insertion mutations with reference to SEQ ID No. 31:

Q51S;

L116R or L116Y;

M119A, M119W or M119-F-Ins;

V120L, V120S, V120D or V120F;

G121-LF-Ins;

N122A, N122H, N122F or N122S;

N123H, N123R, N123F, N123K or N123W,

L124T;

K125A, K125E, K125W, K125-LA-Ins, K125-VQ-Ins or K125-1E-Ins; and

K165Q.

Mutant calcineurin B may comprise one or more of the following mutation
combinations with reference to SEQ ID No. 31:

V120S and L124T;

V120D and L124T;

N123W and K125-LA-Ins;

L124T and K125-LA-Ins;

V120D and K125-LA-Ins; and

M119-F-Ins and G121-LF-Ins.

In particular, mutant calcineurin B may comprise the following mutation combination
with reference to SEQ ID No. 31: L124T and K125-LA-Ins. This is the module known
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as "CnB30" described in the Examples section. The CnB30 has the amino acid
shown as SEQ ID No. 32.

SEQ ID No. 32 (CnB30)
MGNEASYPLEMCSHFDADEIKRLGKRFKKLDLDNSGSLSVEEFMSLPELQQNPLVQ
RVIDIFDTDGNGEVDFKEFIEGVSQF SVKGDKEQKLRFAFRIYDMDKDG
YISNGELFQVLKMMVGNNTKLADTQLQQIVDKTIINADKDGDGRISFEEFCAVVGGLD
IHKKMVVDV

In the study described in Brewin et al 2009 (as above), the following CNa mutants
showed resistance to FK506:

L354A and K360F;

W352A,;

W352C;

T351E and L354A;

M347W; and

M347E.

The following CNa mutants showed resistance to cyclosporin A:
V314K;
V314R,;
Y341F;
V314K and Y341F; and
V314R and Y341F.

The following CNb mutants showed resistance to FK506:
N123W,
K125-VQ-Ins;
K125-1E-Ins;
K-125-LA-Ins; and
L124T and K-125-LA-Ins.

The following CNb mutants showed resistance to cyclosporin A:
K125-VQ-Ins;
K125-1E-Ins;
K-125-LA-Ins;
V120S and L124T; and
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L124T and K-125-LA-Ins.

In particular, it is reported in Brewin et al 2009 (as above) that:

the combination mutation T351E and L354A in CNa confers resistance to CsA
but not FK5086;

the combination mutation V314R and Y341F in CNa confers resistance to
FK506 but not CsA; and

the combination mutation L124T and K-125-LA-Ins in CNb renders CTLs

resistant to both calcineurin inhibitors.

The cell of the present invention may express a variant calcineurin A comprising one
or more mutations in the CNa amino acid sequence and/or a variant calcineurin B
comprising one or more mutations in the CNb amino acid sequence, which increases

resistance of the effector immune cell to one or more calcineurin inhibitors.

In particular, the cell may express a variant calcineurin A and/or a variant calcineurin
B as listed above which confers resistance to cyclosporin A and/or tacrolimus
(FK5086).

NUCLEIC ACID CONSTRUCT

The invention provides a nucleic acid construct which comprises:

(i) a first nucleic acid sequence which encodes a CAR; and

(i) a second nucleic acid sequence which encodes a mutant version of
calcineurin A and/or calcineurin B which is resistant to a calcineurin inhibitor as

described above.

As used herein, the terms “polynucleotide”, “nucleotide”, and “nucleic acid” are

intended to be synonymous with each other.

It will be understood by a skilled person that numerous different polynucleotides and
nucleic acids can encode the same polypeptide as a result of the degeneracy of the
genetic code. In addition, it is to be understood that skilled persons may, using routine
techniques, make nucleotide substitutions that do not affect the polypeptide sequence
encoded by the polynucleotides described herein to reflect the codon usage of any

particular host organism in which the polypeptides are to be expressed. Suitably, the



10

15

20

25

30

35

WO 2021/205173 PCT/GB2021/050863

28

polynucleotides of the present invention are codon optimised to enable expression in

a mammalian cell, in particular an immune effector cell as described herein.

Nucleic acids according to the invention may comprise DNA or RNA. They may be
single-stranded or double-stranded. They may also be polynucleotides which include
within them synthetic or modified nucleotides. A number of different types of
modification to oligonucleotides are known in the art. These include
methylphosphonate and phosphorothioate backbones, addition of acridine or
polylysine chains at the 3' and/or 5' ends of the molecule. For the purposes of the
use as described herein, it is to be understood that the polynucleotides may be
modified by any method available in the art. Such modifications may be carried out in

order to enhance the in vivo activity or life span of polynucleotides of interest.

The terms “variant”, “homologue” or “derivative” in relation to a nucleotide sequence
or amino acid sequence includes any substitution of, variation of, modification of,
replacement of, deletion of or addition of one (or more) nucleic acid(s) from or to the

sequence.

The nucleic acid construct may have the general structure:

CAR-coexpr-CnM; or
CnM-coexpr-CAR

in which:

"CAR" is a nucleic acid sequence encoding a CAR,;

"coexpr" is a nucleic acid sequence enabling co-expression og the CAR and
calcineurin mutant as separate polypeptdes; and

"CnM" is a nucleic acid sequence which encodes a mutant version of calcineurin A

and/or calcineurin B which is resistant to a calcineurin inhibitor.

The co-expression site may be a cleavage site. The cleavage site may be any
sequence which enables the two polypeptides to become separated. The cleavage
site may be self-cleaving, such that when the polypeptide is produced, it is
immediately cleaved into individual peptides without the need for any external

cleavage activity.
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The term “cleavage” is used herein for convenience, but the cleavage site may cause
the peptides to separate into individual entities by a mechanism other than classical
cleavage. For example, for the Foot-and-Mouth disease virus (FMDV) 2A self-
cleaving peptide (see below), various models have been proposed for to account for
the “cleavage” activity: proteolysis by a host-cell proteinase, autoproteolysis or a
translational effect (Donnelly et al (2001) J. Gen. Virol. 82:1027-1041). The exact
mechanism of such “cleavage” is not important for the purposes of the present
invention, as long as the cleavage site, when positioned between nucleic acid
sequences which encode proteins, causes the proteins to be expressed as separate

entities.

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

(canonically, Arg-X-(Arg/Lys)-Arg') and is enriched in the Golgi apparatus.

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

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

also expressed in the mammalian cell.

The cleavage site may encode a self-cleaving peptide. A ‘self-cleaving peptide’ refers
to a peptide which functions such that when the polypeptide comprising the proteins

and the self-cleaving peptide is produced, it is immediately “cleaved” or separated
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into distinct and discrete first and second polypeptides without the need for any

external cleavage activity.

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

“cleavage” at its own C-terminus (Donelly et al (2001) as above).

“2A-like” sequences have been found in picornaviruses other than aptho- or
cardioviruses, ‘picornavirus-like’ insect viruses, type C rotaviruses and repeated
sequences within Trypanosoma spp and a bacterial sequence (Donnelly et al., 2001)

as above.

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

The co-expressing sequence may be an internal promoter.

The present invention also provides a kit comprising of nucleic acid sequences which
comprises:

a first polynucleotide which encodes a chimeric antigen receptor (CAR); and

a second polynucleotide which encodes which encodes a mutant version of

calcineurin A and/or calcineurin B which is resistant to a calcineurin inhibitor.

VECTOR
The present invention also provides a vector which comprises a nucleic acid

construct(s) of the invention.

The invention also provides a kit of vectors comprising:

(i) a first vector comprising a nucleic acid sequence which encodes a CAR;
and

(i) a second vector comprising a nucleic acid sequence which encodes a
mutant version of calcineurin A and/or calcineurin B which is resistant to a calcineurin
inhibitor.
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Such a vector or kit of vectors may be used to introduce the nucleic acid sequence(s)
or construct(s) into a host cell so that it co-expresses a CAR together with a mutant

version of calcineurin A and/or calcineurin B.

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

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

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

CELL

The present invention provides a cell which expresses a chimeric antigen receptor
(CAR) and a mutant version of calcineurin A and/or calcineurin B which is resistant to

a calcineurin inhibitor.

The cell may comprise a nucleic acid sequence, a nucleic acid construct or a vector

of the present invention.

The cell may be a cytolytic immune cell such as a T cell or an NK cell.

T cells or T lymphocytes are a type of lymphocyte that play a central role in cell-
mediated immunity. They can be distinguished from other lymphocytes, such as B
cells and natural killer cells (NK cells), by the presence of a T-cell receptor (TCR) on

the cell surface. There are various types of T cell, as summarised below.

Helper T helper cells (TH cells) assist other white blood cells in immunologic
processes, including maturation of B cells into plasma cells and memory B cells, and
activation of cytotoxic T cells and macrophages. TH cells express CD4 on their
surface. TH cells become activated when they are presented with peptide antigens
by MHC class Il molecules on the surface of antigen presenting cells (APCs). These
cells can differentiate into one of several subtypes, including TH1, TH2, TH3, TH17,
Th9, or TFH, which secrete different cytokines to facilitate different types of immune

responses.

Cytolytic T cells (TC cells, or CTLs) destroy virally infected cells and tumor cells, and

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

autoimmune encephalomyelitis.

Memory T cells are a subset of antigen-specific T cells that persist long-term after an
infection has resolved. They quickly expand to large numbers of effector T cells upon
re-exposure to their cognate antigen, thus providing the immune system with
"memory" against past infections. Memory T cells comprise three subtypes: central
memory T cells (TCM cells) and two types of effector memory T cells (TEM cells and
TEMRA cells). Memory cells may be either CD4+ or CD8+. Memory T cells typically
express the cell surface protein CD45R0O.

Regulatory T cells (Treg cells), formerly known as suppressor T cells, are crucial for
the maintenance of immunological tolerance. Their major role is to shut down T cell-
mediated immunity toward the end of an immune reaction and to suppress auto-

reactive T cells that escaped the process of negative selection in the thymus.

Two major classes of CD4+ Treg cells have been described — naturally occurring

Treg cells and adaptive Treg cells.

Naturally occurring Treg cells (also known as CD4+CD25+FoxP3+ Treg cells) arise in
the thymus and have been linked to interactions between developing T cells with both
myeloid (CD11c+) and plasmacytoid (CD123+) dendritic cells that have been
activated with TSLP. Naturally occurring Treg cells can be distinguished from other T
cells by the presence of an intracellular molecule called FoxP3. Mutations of the
FOXP3 gene can prevent regulatory T cell development, causing the fatal

autoimmune disease IPEX.

Adaptive Treg cells (also known as Tr1 cells or Th3 cells) may originate during a

normal immune response.

The cell may be a Natural Killer cell (or NK cell). NK cells form part of the innate
immune system. NK cells provide rapid responses to innate signals from virally

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

and thymus where they then enter into the circulation.

The cells of the invention may be any of the cell types mentioned above.

METHOD OF MAKING CELL

The present invention provides a method for making a cell, which comprises the step
of introducing: a nucleic acid construct, a kit of nucleic acid sequences, a vector or a
kit of vectors of the invention, into the cell. The nucleic acid may be introduced to the

cell ex vivo or in vitro.

The method may comprise the following steps:

(i) obtaining a population of cells;

(i) transducing or transfecting the cells a nucleic acid construct, a kit of nucleic
acid sequences, a vector or a kit of vectors of the invention;

(iii) adding a calcineurin inhibitor to the cell population from step (ii).

The presence of the calcineurin inhibitor in step (iii) has the effect of enriching for
transduced/transfected cells as cells which express the calcineurin mutant will be
resistant to inhibition of proliferation by the calcineurin inhibitor, whereas

untransduced cells will be susceptible to such inhibition

The calcineurin inhibitor may, for example, be cyclosporine or tacrolimus.

Cells according to the invention may either be created ex vivo either from a patient’s
own peripheral blood (1st party), or in the setting of a haematopoietic stem cell
transplant from donor peripheral blood (2nd party), or peripheral blood from an

unconnected donor (3rd party).

Alternatively, cells may be derived from ex vivo differentiation of inducible progenitor
cells or embryonic progenitor cells to, for example, T or NK cells. Alternatively, an
immortalized T-cell line which retains its lytic function and could act as a therapeutic

may be used.
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In all these embodiments, chimeric polypeptide-expressing cells are generated by
introducing DNA or RNA coding for the chimeric polypeptide by one of many means

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

The cell of the invention may be an ex vivo cell from a subject. The cell may be from
a peripheral blood mononuclear cell (PBMC) sample. The cells may be activated
and/or expanded prior to being transduced with nucleic acid encoding the molecules
providing the chimeric polypeptide according to the first aspect of the invention, for

example by treatment with an anti-CD3 monoclonal antibody.

PHARMACEUTICAL COMPOSITION
The present invention also relates to a pharmaceutical composition comprising a

plurality of cells according to the present invention.

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

intravenous infusion.

The pharmaceutical composition may also comprise a calcineurin inhibitor, such as

cyclosporine A or tacrolimus.

METHOD OF TREATMENT
The present invention provides a method for treating and/or preventing a disease
which comprises the step of administering the cells of the present invention (for

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

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

progression of the disease.

The method for preventing a disease relates to the prophylactic use of the cells of the
present invention. In this respect, the cells may be administered to a subject who has

not yet contracted the disease and/or who is not showing any symptoms of the
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disease to prevent or impair the cause of the disease or to reduce or prevent
development of at least one symptom associated with the disease. The subject may

have a predisposition for, or be thought to be at risk of developing, the disease.

The method may involve the steps of:

(i) isolating a cell-containing sample;
(i) transducing or transfecting such cells with a nucleic acid sequence or vector
provided by the present invention;

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

The cell-containing sample may be isolated from a subject or from other sources, as

described above.

The plurality of cells may be administered in the form of a pharmaceutical
composition. The pharmaceutical composition may additionally comprise a
pharmaceutically acceptable carrier, diluent or excipient. The pharmaceutical
composition may optionally comprise one or more further pharmaceutically active
polypeptides and/or compounds, for example one or more CNIs as described above.

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

The present invention provides a cell according to the present invention for use in

treating and/or preventing a disease.

The present invention also relates to the use of a cell according to the present
invention for the manufacture of a medicament for the treatment and/or prevention of

a disease.

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

may be cancer.

The disease to be treated by the methods of the present invention may be a
cancerous disease, such as bladder cancer, breast cancer, colon cancer, endometrial
cancer, kidney cancer (renal cell), leukaemia, lung cancer, melanoma, non-Hodgkin

lymphoma, pancreatic cancer, prostate cancer and thyroid cancer.
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The disease may be Multiple Myeloma (MM), B-cell Acute Lymphoblastic Leukaemia
(B-ALL), Chronic Lymphocytic Leukaemia (CLL), Neuroblastoma, T-cell acute
Lymphoblastic Leukaema (T-ALL) or diffuse large B-cell ymphoma (DLBCL).

The disease may be a plasma cell disorder such as plasmacytoma, plasma cell
leukemia, multiple myeloma, macroglobulinemia,amyloidosis, Waldenstrom's
macroglobulinemia, solitary bone plasmacytoma, extramedullary plasmacytoma,
osteosclerotic myeloma, heavy chain diseases, monoclonal gammopathy of

undetermined significance or smoldering multiple myeloma.

The cell of the present invention may be capable of killing target cells, such as cancer
cells. The target cell may be recognisable by expression of a TAA, for example the
expression of a TAA provided above in Table 1. The cancer may be a cancer listed in
Table 1.

The disease may be a transplant-associated cancer, such as post-transplant

lymphoproliferative disorder (PTLD) or a melanoma.

The cell of the present invention may be capable of killing a cell implicated in the
pathogenesis of an autoimmune disease. Such a cell may be a B-cell which secretes

auto-antibodies.

The autoimmune disease may be selected from rheumatoid arthritis, systemic lupus
erythematosus, Sjogren's Syndrome, psoriasis, Experimental Autoimmune
Encephalomyelitis (EAE), uveitis, pyoderma gangrenosum, membranous nephopathy,
atopic dermatitis, Bechet's disease, refractory ulcerative colitis and chronic

autoimmune urticara.

The administration of a cell according to the present invention can be accomplished
using any of a variety of routes, such as intraperitoneally, intravenously,

subcutaneously, transcutaneously or intramuscularly.
POST-TREATMENT WITH CALCINEURIN INHIBITOR
The present invention provides a method which comprises the following steps:

(i) administering a plurality of cells of the invention to a subject; and

(ii) subsequently administering a calcineurin inhibitor to the subject.
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Step (ii) may involve regular administration of the calcineurin inhibitor to the subject

for a period of about 6 weeks following administration of the cells.

The calcineurin inhibitor may be selected from cyclosporine A (CsA), and tacrolimus.

The calcineurin inhibitor may be administered orally to the subject.

Tacrolimus is widely used for the prevention of transplant rejection

TREATMENT OF SUBJECT WHO IS RECEIVING OR HAS RECEIVED
TREATMENT WITH A CALCINEURIN INHIBITOR

The present invention also provides a method for treating a disease in a subject who
is receiving or has received treatment with a calcineurin inhibitor, which method
comprises the step of administering to the subject a plurality of cells which express:
(a) a chimeric antigen receptor (CAR); and
(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to

the calcineurin inhibitor.

The subject may, for example, be receiving or have received treatment with a
calcineurin inhibitor in order to treat and/or prevent an autoimmune disease or to
prevent transplant rejection. Such a subject would normally be unsuitable for
treatment with CAR-T cells, but may be treated with the cells of the invention which

are resistant to immunosuppression with calcineurin inhibitors.

The patient may have recently received a transplanted organ, such as a kidney,
heart, liver or other organ. Tacrolimus is routinely given for the prevention of rejection
of a transplanted organ and is available is various formulations including capsules
(Adoport®, Prograf®, Capexion®, Tacni® and Vivadex®); modified-release capsules
(Advagraf®); Granules (Modigraf®): and liquid medicine.

Tacrolimus capsules are usually given twice each day, once in the morning and once
in the evening; whereas modified-release capsules are given once each day. The
starting dose for capsules is usually between 0.05-0.2 mg/kg/day of body weight for
adults (divided into 2 doses and taken every 12 hours) and 0.15-0.3 mg/kg/day of
body weight for children (again, divided into 2 doses and taken every 12 hours). For

extended release capsules, for adults the dose is usually between 0.15 to 0.2 mg/kg
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of body weight once a day before reperfusion (return of blood flow to the blocked
organ) or within 48 hours after transplant. For children, the dose may be 0.3 mg/kg of

body weight given once a day within 24 hours of reperfusion.

Cyclosporine is available as an oral capsule, an oral solution and an injectable form.
Cyclosporine oral capsule is used to treat inflammation in rheumatoid arthritis and
psoriasis and also used to prevent the rejection of an organ transplant. There are
various brand-name oral capsule versions of cyclosporine, including Gengraf™,

Neoral™ and Sandimmune™.

For the treatment of autoimmune diseases such as rheumatoid arthritis and Psoriasis,
cyclosporine may be taken at a dosage of between 2.5 to 4 mg/kg/day divided into

two doses.

For the prevention of transplant rejection, cyclosporine may be given at 10-15 mg/kg
per day, with the first dose taken 4-12 hours following transplant. The same dosage
may be taken for 1-2 weeks following transplant and then reduced by 5-10% to a

maintenance dosage of 5-10 mg/kg/day.

The subject may have received treatment with a calcineurin inhibitor for days, weeks,
months or even years prior to treatment with the CAR-expressing cells of the

invention.

PRE-CONDITIONING METHOD

The present invention also provides a method which comprises the following steps:
(i) preconditioning a patient with a calcineurin inhibitor; and
(i) administering to the subject a plurality of cells which express:
(a) a chimeric antigen receptor (CAR); and
(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to

the calcineurin inhibitor.

The patient may be pre-conditioned with a composition or regimen which includes
one or more other agents, such as cyclophosphamide. Cyclophosphamide may, for
example, be given at a dose of 300-500 mg/m? for 2 or 3 days, ending 2 to 4 days

before administration of CAR-expressing cells.
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The preconditioning composition or regimen may lack fludarabine.

ALLOGENEIC METHODS

The methods of the present invention are particularly suited to treatment approaches

using allogeneic cells.

To date, most CAR therapies have been developed using autologous cells. Although
this approach has advantages in terms of immunogenicity, it is associated with
several draw-backs. Cell therapy using autologous cells is a labour-intensive process
with multiple open operations, leading to a very high cost of goods (COGs). Once a
patient is identified, autologous therapies require patient cells to be collected. This is
followed by the manufacturing process, which can often take between 2—4 weeks in
the case of CAR-T, before the therapy can be provided to the patient. Patient cell
performance in the manufacturing process can also vary significantly, leading to batch

failures and therapy unavailability for the patient.

These challenges have led to a strong emphasis on the development of allogeneic
CAR-T therapies, developed from cells of healthy donors, that could be available for
patients immediately in a manner similar to other ‘off-the-shelf drugs. Allogeneic
therapies could be envisioned to serve both as the primary therapy for a disease,
once the desired patient efficacy is achieved, or as an additional line of treatment

before they are ready for an autologous therapy, if efficacy in certain cases is limited.

By their nature, allogeneic CAR-T therapies enable traditional economies of scale -
compared to scale out for autologous therapies - through expansion of batch sizes
and increased productivity, making it possible to reach a larger patient population
sooner. Clinical trials of allogeneic CAR-T therapies are continuing to increase with

approximately 20 therapies currently in the early stages of development.

Rejection of allogeneic cells can be due to minor mismatch or major mismatch both of
which are caused by HLA interacting with TCR. In the same way as calcineurin
inhibitors may be used to prevent rejection of a transplanted organ, calcineurin
inhibitors such as cyclosporine and tacrolimus may be used to prevent rejection of

allogeneic CAR-expressing cells by alloreactive host T-cells.
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As the CAR-expressing cells of the present invention express mutant calcineurin, the
allogeneic CAR-T cells will be resistant to immunosuppression by treatment of the

patient with e.g. tacrolimus whereas the alloreactive host T-cells will be inhibited.

Alloreactive responses are a particular problem for CAR-type therapies which involve
multiple rounds of administration of CAR-T cells presumably due to triggering of a
memory immune response. The method of the invention provides an approach to
avoid stimulation of such an immune response by selective immunosuppression of

the host T-cells, precluding the generation of such a response.

The method of the invention may involve administering a plurality of doses of the
CAR-expressing cells to a subject, in particular, it may involve administration of a
plurality of doses of allogeneic CAR-expressing cells.

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

EXAMPLES

Example 1 - Expression of a calcineurin mutant by CAR-T cells gives resistance to

inhibition of proliferation by a calcineurin inhibitor

PBMCs were transduced with a vector expressing a CAR together with the sort-
suicide gene RQRS8 which is described in W02013/153391. The CARs tested are

summarised below:

CD19 CAR: A second generation CAR having an antigen binding domain derived

from Fmc63, a hinge spacer and a 41BB/CD3z endodomain

TRBC1 CAR: A second generation CAR having an antigen binding domain as
described in W02018/224844, a hinge spacer and a 41BB/CD3z endodomain

TRBC2 CAR: A second generation CAR having an antigen binding domain as
described in W02020/089644, a CD8 stalk spacer and a CD28/CD3z endodomain
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One population of cells were transduced with a tricistronic vector expressing RQRS,
the TRBC2 CAR and the CnB30 calcineurin mutant module described above having
SEQ ID No. 32.

Transduced cells were co-cultured with one of the following target cell types:

Jurkat TRBC1: wild-type Jurkat cells which express TRBC1

Jurkat KO: Jurkat cells engineered to lack TRBC1 expression

Jurkat TRBC2: Jurkat cells in which the TRBC1 gene is replaced by the TRBC2 gene
using CRISPR-Cas9 technology so that the expression of TRBC2 is the same as that
of TRBC1 on the wild-type cell.

Cells were co-cultured for 96 hours at a 1:4 E:T ratio in the presence or absence of
20ng/ml of Tacrolimus. Transduced effector cells were identified based on their
expression of RQR8 and their proliferation analysed using cell-trace violet (CTV)
dilution. The results are shown in Figures 2 and 3. As expected, in the absence of
Tacrolimus, cells expressing the TRBC1 CAR showed an increase in the percentage
and number of proliferating cells following co-culture with TRBC1-expressing target
cells; and cells expressing the TRBC2 CAR showed an increase in the percentage
and number of proliferating cells following co-culture with TRBC2-expressing target
cells (Figure 2). In the presence of Tacrolimus, proliferation of CAR-T cells is
inhibited as can be seen by comparing "TRBC2 CAR" in Figure 2B (without
Tacrolimus) and in Figure 3B (with Tacrolimus). Only the cells co-expressing the
TRBC2 CAR and the CnB30 calcineurin mutant showed an increase in the absolute
number (Figure 3B) of transduced effector cells following co-culture with TRBC2-
expressing targets. This population also showed the highest percentage of

transduced proliferating cells (Figure 3A).

Proliferation analysis was also calculated on single/live/CellTrace Violet-positive cells
using the FlowdJo proliferation tool using CD19 CAR as the negative control. The cell
number in each division was plotted for each CAR + target combination described
above and the results are shown in Figures 4 (without Tacrolimus) and 5 (with
tacrolimus). The results for two separate donors are also shown in the histogram
plots of Figure 6. Again, in the presence of Tacrolimus, only the cells co-expressing
the TRBC2 CAR and the CnB30 calcineurin mutant showed an increase in
proliferation of effector cells following co-culture with TRBC2-expressing targets

(Figure 5, bottom graph; and Figure 6).
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In a similar study, cells transduced to express either TRBC2 CAR alone or TRBC2
CAR in combination with a calcineurin mutant (CnB30) were co-cultured for 4 days
with TRBC2+ positive targets in the presence or absence of 20ng/ml of Tacrolimus.
The number CAR-expressing cells after 4 days' co-culture is shown in Figure 7. The
only cell population with a high number of cells expressing TRBC2 CAR after co-
culture in the presence of Tacrolimus were the cells co-expressing TRBC2 CAR with
the calcineurin mutant (TRBC2 CAR+CnB30).

Figure 8 shows the percentage of RQR8-expressing cells. While the percentage of
CD19-expressing cells stayed constant, the percentage of cells expressing TRBC2
CAR increased following co-culture with TRBC2+ targets in the absence of
Tacrolimus. This was true for cells expressing TRBC2 CAR alone or co-expressing
TRBC2 CAR in combination with the calcineurin mutant. In the presence of
Tacrolimus, the percentage of RQR8+ cells expressing TRBC2 CAR alone was
reduced, showing that Tacrolimus inhibits proliferation of these cells. By contrast, the
percentage of RQR8+ cells co-expressing TRBC2 CAR/CnB30 was the same as in
the co-culture without Tacrolimus, indicating that these cells show resistance to

calcineurin inhibition.

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

to be within the scope of the following claims.
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CLAIMS

1. A method for treating a disease in a subject who is receiving or has received
treatment with a calcineurin inhibitor, which method comprises the step of
administering to the subject a plurality of cells which express:

(a) a chimeric antigen receptor (CAR); and

(b) a mutant version of calcineurin A and/or calcineurin B which is resistant to

the calcineurin inhibitor.

2. A method according to claim 1, wherein the subject is receiving or has
received treatment with a calcineurin inhibitor in order to treat and/or prevent an

autoimmune disease.

3. A method according to claim 2, wherein the CAR binds an autoantigen

associated with the autoimmune disease.

4 A method according to claim 1, wherein the subject is post-transplant and is
receiving or has received treatment with a calcineurin inhibitor in order to prevent

transplant rejection.

5. A method according to claim 4, wherein CAR binds a cancer antigen and

method is to treat and/or prevent a transplant-associated cancer.

6. A method according to claim 5, wherein the transplant-associated cancer is a

post-transplant lymphoproliferative disorder (PTLD) or a melanoma.

7. A method for treating a disease in a subject, which comprises the following
steps:
(i) preconditioning a patient with a calcineurin inhibitor; and
(i) administering to the subject a plurality of cells which express:
(a) a chimeric antigen receptor (CAR); and
(b) a mutant version of calcineurin A and/or calcineurin B which is

resistant to the calcineurin inhibitor.

8. A method according to any preceding claim wherein the CAR-expressing cells

are allogeneic.
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9. A method according to any preceding claim which involves administering a

plurality of doses of the CAR-expressing cells to the subject.

10. A method according to any preceding claim, wherein the calcineurin inhibitor

is selected from cyclosporine A (CsA), and tacrolimus.

11. A method according to any preceding claim wherein the CAR binds a B-cell

antigen or a plasma cell antigen.

12. A method according to claim 11, wherein the CAR binds CD19, CD20, CD22
or BCMA.

13. A method according to claim 12, wherein the CAR binds CD19 and comprises
a CD19-binding domain which comprises a) a heavy chain variable region (VH)
having complementarity determining regions (CDRs) with the following sequences:
CDR1 - GYAFSSS (SEQ ID No. 1);

CDR2 - YPGDED (SEQ ID No. 2)

CDR3 - SLLYGDYLDY (SEQ ID No. 3); and

b) a light chain variable region (VL) having CDRs with the following sequences:

CDR1 - SASSSVSYMH (SEQ ID No. 4);

CDR2 - DTSKLAS (SEQ ID No. 5)

CDR3 — QQWNINPLT (SEQ ID No. 6).

14. A method according to any preceding claim, wherein the cells express one of
the following mutant versions of calcineurin A and/or calcineurin B:

calcineurin A comprising mutations T351E and L354A with reference to the
shown as SEQ ID No. 30;

calcineurin A comprising mutations V314R and Y341F and with reference to
shown as SEQ ID No 30; or

calcineurin B comprising mutation L124T and K-125-LA-Ins with reference to
shown as SEQ ID No. 31.

15. A method according to claim 14, wherein the cells express mutant calcineurin

B having the sequence shown as SEQ ID No. 32.



PCT/GB2021/050863
1/9

WO 2021/205173

L Ol

oA
N .w.c oo% sejouoid susg supioikn
{ o~ -Tmmo
B-4N1
A-N4|
il
Al

{3
®
.W vondiosuel|
3
@

D

_

CCHadD

UOHBALDY
10108 uondiosuel |

4

uonebaju; epeasen
sseuly

wiseldoiin

C XXX X XX XKLL KX

e 1]

cmmw%gz

SUBSTITUTE SHEET (RULE 26)



WO 2021/205173 PCT/GB2021/050863
A 150
S 400+
5 Ay Ch
= Il / 30 A ¥
& A
S 50- ./ A
o 0 A B b [l
;% t v o
]
] 2 &£
0 H f {
Jurkat KO Jurkat TRRC Jurkat TRBC2
O CD19CAR A TRBC2 CAR
1 TRBCY CAR ¥ TRBC2 CAR+CnB30
B 30000+
A w
€ 900004 -
[ o o
g \ 4
X A
[nad
& 10000 v
oy A \ 4

Jurkat KO Jurkat TRRCH1 Jurkat TRBC?
FiG. 2

SUBSTITUTE SHEET (RULE 26)



WO 2021/205173

A 1507

I8

100+

@ H A

PCT/GB2021/050863

3/9

B> e b

S

# RQRB™* Proliferating cslls

Jurkat KO

O CD19CAR
(1 TRBC1CAR

t
Jurkat TRBC1 Jurkat TRBC?

A TRBCZCAR
¥ TRBCZ CAR+CnB30

FIG. 3

SUBSTITUTE SHEET (RULE 26)



PCT/GB2021/050863

WO 2021/205173

4/9

rkat KO

Ju

o L) <
o L) <
o L) <
0 [{o) =¥

$1180 BunRISlold . BHDY #

o
=L
(]
O
(-
o0
oz
Tl

Bl CD19CAR

7 TRBCZ CAR+CnB30

= TRBCTCAR

Jurkat TRBCH

$180 Buleep0ld . Y #

FIG. 4

SUBSTITUTE SHEET (RULE 26)



PCT/GB2021/050863

5/9

Jurkat TRBC?Z

EEEE ey,

%
. 75

SRR

<=
o
o0
[
(-
J._..
o
<g
-
o
-
oo
o
TI

WO 2021/205173

o
<£
% (-
, - %
1 ‘g, 5=
90 § B
H m\\uﬁw a..\mw\ -3 -
: o -]
-4, 0 & B =
Fely, 2 £
% = =
-
by Y <O
2 MO (N TR
N o~
T 5 o
< e
%@ m 2
— o B
& .ﬁ-V ..\
i ¢
- A
;] %.%WW
Gl
w ] m ] i 0, _ w _ w ]
< < o < o> e < < < < <
= = = © = = = & =
oo (4o = [ < jen) (4o =3 T

$1189 BUIBISNOl] LMD # s/j80 Dunesefiold . JHDY #

FIG. 5
SUBSTITUTE SHEET (RULE 26)



PCT/GB2021/050863

WO 2021/205173

6/9

Jurkat TRBCH

(o) <2 ) <
(o) <2 ) <
[ <2 o) )
[ee) <« =¥ (]

Sli80 Bunesefiold 840 #

72 TRECZ CAR
i7222 TRBC2 CAR+CnB30

o
<T
()
(& )]
-
[

il
=T
[
-
o3
o7
T

Jurkat TRBC?

< <2 D o
< <2 D o
L) <2 ] [
jes) <« =¥ (o]

$}i80 buneieyicld 84D #

FI1G. 5 (Continued)

SUBSTITUTE SHEET (RULE 26)



PCT/GB2021/050863

WO 2021/205173

779

Without Tacrolimus

YALDY-LA

g0l 0

Lusianhbb s

9 9l
Y-ALODY YA Y-ALD VLA
¢0b 404 mow 0 mow wmw el 0

SFFTT R AT TYRTR A RN 1 LTS T TTINY

Lstadlliig. n

<y

A m ) ;
N} d B
rw :
_.—-mu M
k) H
1 H
¥ !
1 H
1 i
b4

PR s

...

m
5
B

yOl ¢l

X c/_,w ] ] T : ! waw?\%% “

(01 ! j ”» " 1y -

3 1 N A i | -

i ; ; . , _, ;

000 G O L0 { L o
- < i nn <O i & H : <
-00¢ = _.m. 00 £ = =
W@O@ d ] l@cm m.. - ,H.k:,

- ...:.u H L VD T m
005 v . - o

‘ . 00 i

>
- OO
o=

SAL000 068105010V

RANIRE L AT

YALOC VLA
500 ¢0l m

£33

SIL000G0LNY .
+{OHA L IBHN-Zhh6.(] +{OY L IENRM-Cip6.(
YALD VLA

#0l

AL VLA

o0l 501 o0} 0 _mow 0

mow

S0/ 10606 10O
+ZORAL AT 7976.0

idocfpoort s
5
N f \

,
I
:
¢
H
)
i
i

‘
3

Py

F-Setp—

)

P

SUBSTITUTE SHEET (RULE 26)

@ oo dddobdock ./.m, m w 3 .wF[nlO _...__5.,,_. Lebhiched ot - O r::.. Jidaigh _.fm w:o.»_.a..&r....L.F,._. - m
! \ / = ' 3 v )
i AR 05 ,,_ -7 e -7
i H 1 : - vy 1
004 RNk 00} | - ¥ 0
I W LYY ey ” -0 o =0F o
2 Wi A= = - 2
-1 . 05k 5 =1 =
(107 4 VY R
i L -00¢ g 3
- { L ifaTy] L.NG
o I 062 = -
i -001 -001

S10000E810-C0LNY m&g% QS<

+{ AL -6/

Jequl-¥v0 2084.L



PCT/GB2021/050863

WO 2021/205173

8/9

20ng/mi Tacroiimus

(panuiuog)

9 Old
YALDT YA

+{ORAL AN v6.(
Jegul-dyo £odul

+OGU LB Lyp.(
dY0 208HL

YALDS VLA VAL Y-LA
4 mww wwwmﬁ ,mﬁf mow\ #0l ¢Ol 0 cOb 401 o0} 0
/Ps/awk m% ...\ mno M.ID .......... A W!O
Y b 0 x
I A e 07 o -0y o
LY glas = 2
/ ! & -9~ -(9 =
Wi e 2 09
00 ; i
50} 1000 OR8] YIRBI-S0 LN 005 oeL g aor SR i Ror
) +COBU LN Chpa.( +OHILIBARM-Cbe/0 +(08ul méeimﬁwmmm
Y-ALD VLA VALDS VLA
¢Ol 0L o0l 0 g0l 401 o0) 0
oditbiodiigiopalssionoiiilisidug . 0 TN PTG TP O || R o
\ I - .
d_a__,a =09 w@m
| WAQW\, 0 o o
051 3 09
L & &
e — - SR—
{1000 CIoeL QIR GERi O LY 507 000 0108 Gi-G0 L1y S0} 1000 0J98] GLACT-

+(O8 LN 1pv6.(
d¥3 10ddl

+LOG LN v
4yl 61d0

SOJ'1000°00e] WIM-G 107 00}
+708l m% 7610
YALD LA
50 w? %w wE
P . it " wa
_____< |
“aom
-0t =
g =
-8
S 000 oL G 1

SUBSTITUTE SHEET (RULE 26)



WO 2021/205173 PCT/GB2021/050863

9/9

V4 CD13CAR
.1 TRBC2CAR
P73 TRBC2 CAR+CnB30

NTday0  NTday4d  NTday4 RQRS+ RQR&+ RQR&+
with day 0 day 4 day 4 with
Tacrolimus Tacrolimus
FiG. 7
& CD19CAR
& TRBCZCAR
1004 4 TRBC2 CAR+CnB30 4
80- N
.
o 60-
5 :
== 40“’ %
20~ A
N
O 1 I i
Co-culture day 0 Co-culture day 4 Co-culture day 4
No Tacrolimus 20ng/mi Tacrolimus

FIG. 8

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT

International application No

PCT/GB2021/050863

A. CLASSIFICATION OF SUBJECT MATTER
I

NV. A61K39/00 C12N5/00
CO7K14/705 C12N9/16
ADD.

CO7K14/725

A61P35/00 A61P37/06

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

B. FIELDS SEARCHED

A61K CI2N CO7K A61P

Minimum documentation searched (classification system followed by classification symbols)

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

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

EPO-Internal, WPI Data, EMBASE, BIOSIS

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category™

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

Relevant to claim No.

X BREWIN JENNIFER ET AL:

lymphoproliferative disease",
vol. 114, no. 23,

4792-4803, XP086510838,
ISSN: 0006-4971, DOI:
10.1182/BL0O0D-2009-07-228387
[retrieved on 2020-11-19]
the whole document

31 October 2019 (2019-10-31)
the whole document

BLOOD, AMERICAN SOCIETY OF HEMATOLOGY, US,
26 November 2009 (2009-11-26), pages

"Generation of 1-15
EBV-specific cytotoxic T cells that are
resistant to calcineurin inhibitors for
the treatment of posttransplantation

A WO 2019/210280 Al (CASEBIA THERAPEUTICS 1-15
LTD LIABILITY PARTNERSHIP [US])

D Further documents are listed in the continuation of Box C.

See patent family annex.

* Special categories of cited documents :

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

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

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

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

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

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

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

"Y" document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

"&" document member of the same patent family

Date of the actual completion of the international search

11 August 2021

Date of mailing of the international search report

19/08/2021

Name and mailing address of the ISA/

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk

Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016

Authorized officer

Manu, Dominique

Form PCT/ISA/210 (second sheet) (April 2005)




International application No.

INTERNATIONAL SEARCH REPORT PCT/GB2021/050863
Box No. | Nucleotide and/or amino acid sequence(s) (Continuation of item 1.c of the first sheet)
1. With regard to any nucleotide and/or amino acid sequence disclosed in the international application, the international search was

carried out on the basis of a sequence listing:
a. D forming part of the international application as filed:
D in the form of an Annex C/ST.25 text file.

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

b. furnished together with the international application under PCT Rule 13ter.1(a) for the purposes of international search
only in the form of an Annex C/ST.25 text file.

c. furnished subsequent to the international filing date for the purposes of international search only:

in the form of an Annex G/ST.25 text file (Rule 13ter.1(a)).

D on paper or in the form of an image file (Rule 13ter.1(b) and Administrative Instructions, Section 713).

2. D In addition, in the case that more than one version or copy of a sequence listing has been filed or furnished, the required
statements that the information in the subsequent or additional copies is identical to that forming part of the application as
filed or does not go beyond the application as filed, as appropriate, were furnished.

3. Additional comments:

Form PCT/ISA/210 (continuation of first sheet (1)) (January 2015)




INTERNATIONAL SEARCH REPORT

Information on patent family members

International application No

PCT/GB2021/050863
Patent document Publication Patent family Publication
cited in search report date member(s) date
WO 2019210280 Al 31-10-2019 AU 2019257789 Al 12-11-2020
BR 112020021894 A2 09-03-2021
CA 3098014 Al 31-10-2019
CN 112512557 A 16-03-2021
EP 3784272 Al 03-03-2021
KR 20210005922 A 15-01-2021
SG 11202010233X A 27-11-2020
US 2021228629 Al 29-07-2021
WO 2019210280 Al 31-10-2019

Form PCT/ISA/210 (patent family annex) (April 2005)




	Page 1 - front-page
	Page 2 - description
	Page 3 - description
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - description
	Page 24 - description
	Page 25 - description
	Page 26 - description
	Page 27 - description
	Page 28 - description
	Page 29 - description
	Page 30 - description
	Page 31 - description
	Page 32 - description
	Page 33 - description
	Page 34 - description
	Page 35 - description
	Page 36 - description
	Page 37 - description
	Page 38 - description
	Page 39 - description
	Page 40 - description
	Page 41 - description
	Page 42 - description
	Page 43 - description
	Page 44 - claims
	Page 45 - claims
	Page 46 - drawings
	Page 47 - drawings
	Page 48 - drawings
	Page 49 - drawings
	Page 50 - drawings
	Page 51 - drawings
	Page 52 - drawings
	Page 53 - drawings
	Page 54 - drawings
	Page 55 - wo-search-report
	Page 56 - wo-search-report
	Page 57 - wo-search-report

