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Described are novel immunosuppressant drug resistant
armored (IDRA) T cells that co-express an exogenous T cell
receptor (TCR) and one or more exogenous inhibitors of an
immunosuppressant. The TCR can bind to an antigen
expressed by a tumor cell or virally infected cell. Also
described are methods of producing the modified T cell, and
methods of treating a subject using the modified T cells.
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IMMUNOSUPPRESSANT DRUG RESISTANT
ARMORED TCR T CELLS FOR
IMMUNE-THERAPY OF ORGAN
TRANSPLANT PATIENTS

BACKGROUND OF THE INVENTION

[0001] Therapeutic strategies that harness the power of the
immune system, by the adoptive transfer of T cells engi-
neered to recognize cancer or virus-infected cells through
introduction of specific CAR or TCR, are beginning to show
efficacy. Such T cell therapies, however, are rarely utilized
in patients with organ transplants, since the immunosup-
pressant regimens that are required to avoid organ rejection
can suppress their function. The instant disclosure provides
Immunosuppressant Drug Resistant Armored (IDRA) TCR
T cells of desired specificity (including but not limited to
HBYV and EBV) that are transiently resistant to immunosup-
pressants. Such cells are useful for treating diseases occur-
ring in patients receiving immunosuppressants. For
example, while HBV-TCR T cells have shown anti-tumour
efficacy in some liver transplanted patients with HCC recur-
rence, their effectiveness is limited by the immunosuppres-
sant drugs administered to prevent liver graft rejection.
IDRA HBV-TCR T cells can be used in this setting to
enhance the in vivo function of the adoptively transferred
TCRT cells. The IDRA TCR T cells can also be used to treat
other common pathologies associated with immunosuppres-
sant treatment, such as the reactivation of Epstein Barr virus
or cytomegalovirus in patients receiving immunosuppres-
sants after stem cell or organ transplantation.

BRIEF SUMMARY OF THE INVENTION

[0002] Described herein are compositions and methods
that are useful to engineer the specificity of T-cells and make
them resistant to immunosuppressants. In one aspect, a
modified T cell is described, the modified T cell comprising
an exogenous inhibitor of an immunosuppressant and an
exogenous T-cell receptor (TCR). Such modified T cells are
sometimes referred to herein as Immunosuppressant Drug
Resistant Armored (IDRA)-TCR T cells. In some embodi-
ments, the modified T cell comprises an mRNA (e.g., a first
mRNA) encoding an exogenous inhibitor of an immuno-
suppressant and an mRNA (e.g., a second mRNA) encoding
an exogenous T-cell receptor (TCR). In some embodiments,
the immunosuppressant is selected from Tacrolimus, Myco-
phenolate mofetil (MMF), or a combination thereof.
[0003] In some embodiments, the exogenous inhibitor is a
mutant calcineurin (CN) subunit B (CnB) protein. In some
embodiments, the mutant CnB is CnB30. In some embodi-
ments, the mutant CnB is encoded by a nucleic acid
sequence comprising SEQ ID NO:1 or SEQ ID NO:2, or a
sequence having at least 90% sequence identity (e.g., at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity) to SEQ ID NO:1 or SEQ ID NO:2. In
some embodiments, the mutant CnB protein comprises the
amino acid sequence of SEQ ID NO:5, or a sequence having
at least 90% sequence identity (e.g., at least 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, or 99% sequence iden-
tity) to SEQ ID NO:5.

[0004] In some embodiments, the exogenous inhibitor is a
mutant inosine 5'-monophosphate dehydrogenase (IMPDH)
protein. In some embodiments, the mutant IMPDH protein
is encoded by a nucleic acid sequence comprising SEQ ID
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NO:3 or SEQ ID NO:4 or a sequence having at least 90%
sequence identity (e.g., at least 90%, 91%, 92%, 93%, 94%,
95%, 96%, 97%, 98%, or 99% sequence identity) to SEQ ID
NO:3 or SEQ ID NO:4. In some embodiments, the mutant
IMPDH protein comprises the amino acid sequence of SEQ
ID NO:6, or a sequence having at least 90% sequence
identity (e.g., at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity) to SEQ ID
NO:6.

[0005] In some embodiments, the exogenous TCR spe-
cifically binds to a viral antigen selected from a hepatitis B
virus (HBV) antigen, a CMV antigen, an EBV antigen, an
influenza antigen, or a SARS antigen. In some embodi-
ments, the exogenous TCR specifically binds to the HBV
envelope 183-191 antigen, the HBV core 18-27 antigen, or
the EBV-LMP2 antigen. In some embodiments, the exog-
enous TCR specifically binds to an antigen in Table 1.
[0006] In some embodiments, the T cell is isolated from a
subject. In some embodiments, the subject has a liver
disease. In some embodiments, the subject has received an
organ transplant and is administered an immunosuppressant.
In some embodiments, the subject additionally has a viral
infection or a tumor. In some embodiments, the subject is
immunocompromised.

[0007] In another aspect, a method for producing a modi-
fied T cell, e.g., an IDRA TCR T cell, is described, the
method comprising introducing an mRNA encoding an
exogenous inhibitor of an immunosuppressant and an
mRNA encoding an exogenous TCR into the T cell. In some
embodiments, the exogenous inhibitor is a mutant calcineu-
rin (CN) subunit B (CnB) protein. In some embodiments, the
mutant CnB protein comprises the amino acid sequence of
SEQ ID NO:5, or a sequence having at least 90% sequence
identity (e.g., at least 90%, 91%, 92%, 93%, 94%, 95%,
96%, 97%, 98%, or 99% sequence identity) to SEQ ID
NO:5. In some embodiments, the exogenous inhibitor is a
mutant inosine 5'-monophosphate dehydrogenase (IMPDH)
protein. In some embodiments, the mutant IMPDH protein
comprises the amino acid sequence of SEQ ID NO:6, or a
sequence having at least 90% sequence identity (e.g., at least
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99%
sequence identity) to SEQ ID NO:6. In some embodiments,
the immunosuppressant is selected from Tacrolimus, Myco-
phenolate mofetil (MMF), or a combination thereof.
[0008] In another aspect, a method of treating disease in a
subject who has been administered an immunosuppressant is
described, the method comprising introducing a modified T
cell, for example, an IDRA TCR T cell, described herein into
the subject. In some embodiments, the disease is liver
disease. In some embodiments, the liver disease is hepato-
cellular carcinoma (HCC). In some embodiments, the sub-
ject has previously received a liver transplant. In some
embodiments, the subject has a viral infection, for example
an HBV, CMV, EBY, influenza or SARS infection. In some
embodiments, the subject has previously received an organ
transplant. In some embodiments, the T cell is an autologous
T cell.

[0009] In some embodiments, the immunosuppressant
administered to the subject is selected from Tacrolimus,
Mycophenolate mofetil (MMF), or a combination thereof.
[0010] Inanother aspect, a method of treating liver disease
in a subject in need thereof is described, the method com-
prising introducing mRNA into a T cell isolated from the
subject, wherein the mRNA encodes a mutant CnB protein,
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or the mRNA encodes a mutant IMPDH protein, or different
mRNAs, where one mRNA encodes a mutant CnB protein
and a second mRNA encodes a mutant IMPDH protein; and
mRNA encoding an exogenous T-cell receptor, and reintro-
ducing the T cell into the subject, wherein the subject is
administered an immunosuppressant. Thus, in some
embodiments, the mRNA introduced into the isolated T cell
comprises different species of mRNAs or a plurality of
different mRNAs, where one or a first mRNA encodes a
mutant CnB protein, a different or second mRNA encodes a
mutant IMPDH protein, and a different or third mRNA
encodes an exogenous T-cell receptor. In some embodi-
ments, the mutant CnB protein comprises the amino acid
sequence of SEQ ID NO:5, or a sequence having at least
90% sequence identity (e.g., at least 90%, 91%, 92%, 93%,
94%, 95%, 96%, 97%, 98%, or 99% sequence identity) to
SEQ ID NO:5. In some embodiments, the mutant IMPDH
protein comprises the amino acid sequence of SEQ ID NO:6,
or a sequence having at least 90% sequence identity (e.g., at
least 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% sequence identity) to SEQ ID NO:6.

[0011] In some embodiments, the mRNA is transiently
expressed.
[0012] In some embodiments, the liver disease is hepato-

cellular carcinoma (HCC). In some embodiments, the sub-
ject has previously received a liver transplant. In some
embodiments, the immunosuppressant is Tacrolimus, Myco-
phenolate mofetil (MMF), or a combination thereof.
[0013] In some embodiments of the method, the exog-
enous TCR specifically binds to a viral antigen selected from
a hepatitis B virus (HBV) antigen, a CMV antigen, or an
EBV antigen. In some embodiments, the exogenous TCR
specifically binds to the HBV envelope 183-191 antigen, the
HBV core 18-27 antigen, or the EBV-LMP2 antigen. In
some embodiments, the exogenous TCR specifically binds
to an antigen in Table 1.

BRIEF DESCRIPTION OF THE DRAWINGS

[0014] FIGS. 1A and 1B show functional profiles of
5183-electroporated T cells treated with tacrolimus. Cyto-
kine production (TNF-a as a representative) of drug-treated
S183 TCR-T cells was evaluated following overnight co-
culture with HepG2.215 cells. FIG. 1A: Concatenated dot
plots (left panel) from representative experiments stained for
TNF-a production. Bar graphs (right panel) demonstrate the
percentage of cytokine-positive cells in 3 different healthy
donors. Non-treated electroporated T cells used as negative
control. FIG. 1B: Drug effect on T cell cytolysis determined
through impedance measurement. The Normalized Cell
Index plot was converted to an area under the curve, and
quantified to measure the percentage of cytolysis ~45 hours
after S183-TCR T cell addition. Each dot represents one
individual experiment in bar graphs. Statistical significance
was evaluated by 2-tailed t test. (P-value: *0.01 to 0.05,
*#0.001 to 0.01, ***0.0001 to 0.001, ****<(0.0001, n.s., not
significant).

[0015] FIG. 2 shows a schematic representation of the
Calcineurin pathway after T cell activation in the presence
or absence of Tacrolimus. Antigen-mediated stimulation of
the T cell receptor (TCR) results in Ca2+ signalling activa-
tion. Increasing cytoplasmic Ca2+ concentration subse-
quently activates serine and threonine phosphatase calcineu-
rin, which dephosphorylates NFAT transcription factor. As a
result, NFAT translocates to the nucleus and induces expres-
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sion of T cell-associated genes including TNF-a, IFN-y and
IL-2. On the other hand, Tacrolimus complex with FKBP1A
can interact with CnB subunit at calcineurin complex, which
inhibits phosphatase activity and subsequent NFAT pathway
activation.

[0016] FIGS. 3A, 3B and 3C show overexpression of
mutant CnB does not impair s183 TCR expression and
recovered T cell function in the presence of therapeutic
concentrations of Tacrolimus. FIG. 3A: S183 TCR and
mutant CnB m-RNA were co-electroporated and T cell
function was evaluated following overnight co-culture with
HepG2.2.15 cells. FIG. 3B: Viability and TCR expression of
engineered T cells evaluated 24 hours post-electroporation.
Non-electroporated (NEP) T cells used as a negative control
in the experiments. FIG. 3C: Frequency of TNF-a-produc-
ing CD8+ cells out of total live CD8+ T cells were quantified
following overnight incubation with the targets (n=3). Con-
catenated dot plots from representative experiments stained
for TNF-a production. Non-electroporated T cells consid-
ered as control.

[0017] FIGS. 4A, 4B, and 4C show overexpression of
mutant IMPDH* recover T cell viability in the presence of
therapeutic concentration of MMF. FIG. 4A: Schematic
representation of MMF signaling and effect on T cells.
Active form of the drug, MPA, inhibits inosine 5'-mono-
phosphate dehydrogenase (IMPDH) in the cytoplasm which
is essential for de novo purine synthesis and selectively
inhibits lymphocyte proliferation. FIG. 4B: Frequency of
TNF-a-producing CD8+ cells out of total live CD8+ T cells
were quantified following overnight incubation with the
targets (n=3). Concatenated dot plots from representative
experiments stained for TNF-a production. Non-electropo-
rated T cells considered as control. FIG. 4C: Viability of
IMPDH electroporated T cells evaluated 72 hours after
exposure to clinically relevant concentration of MMF.
(P-value: *0.01 to 0.05, **0.001 to 0.01, ***0.0001 to
0.001, ****<(0.0001, n.s., not significant).

[0018] FIGS. 5A and 5B show FKBP12 si-RNA-mediated
knockdown partially recovers T cell function in the presence
of Tacrolimus. FIG. 5A: Sequence information of siRNA
specific for FKBP1A. FIG. 5B: Frequency of TNF-a-pro-
ducing CD8+ cells out of total live CD8+ T cells were
quantified following overnight incubation with the targets
and different concentrations of Tacrolimus (n=3). Concat-
enated dot plots from representative experiments stained for
TNF-a production. Non-electroporated T cells considered as
control.

[0019] FIGS. 6A, 6B and 6C show dual-resistant TCR-
redirected T cells were produced by -electroporating 3
mRNAs (HBV TCR, CnB mutant and IMPDH mutant) into
the T cells. FIG. 6 A: Frequency of TNF-a-producing CD8+
cells out of total live CD8 T cells was quantified following
overnight incubation with the targets (n=3). Concatenated
dot plots from representative experiments stained for TNF-a
production. Non-treated mock electroporated T cells from
same donor served as negative control. FIG. 6B: T cell
cytolysis determined by real time killing assay in the pres-
ence and absence of both drugs. Bar graphs in the right panel
demonstrate percentage of T cell cytolysis up to 45 hours
after TCR-T cell addition to the targets. The lines in the
graph in the left panel correspond to the treatments on the
X-axis in the right panel of FIG. 6B. FIG. 6C: Viability of
dual resistant TCR-T cells evaluated 72 hours after exposure
to clinically relevant concentration of both drugs.
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[0020] FIGS. 7A and 7B show engineering IDRA EBV-
specific TCR-redirected T cells. FIG. 7A: IDRA EBV
TCR-T cells were developed by electroporating m-RNA
encoding EBV-specific TCR, mutant CnB and mutant
IMPDH. Engineered T cells were co-incubated with HLA-
A2+EBV-specific peptide pulsed (+) or non-pulsed (-) T2
cells overnight. Intracellular cytokine staining and viability
analysis were performed at the indicated time after treat-
ment. Concatenated dot plots from representative experi-
ments stained for TNF-a.. Bar graphs demonstrate the per-
centage of TNF-a-positive CD8+ T cells (n=3). Non-treated
mock electroporated T cells from same donor served as
negative control. FIG. 7B: Viability of dual resistant TCR-T
cells evaluated 72 hours after exposure to clinically relevant
concentration of both drugs.

DEFINITIONS

[0021] Abbreviations: TCR stands for T cell receptor.
CAR stands for chimeric antigen receptor.

[0022] The term “IDRA TCR T cell” as used herein refers
to an immunosuppressant drug resistant armored T-cell that
co-expresses an exogenous T cell receptor (TCR) and one or
more exogenous inhibitors of an immunosuppressant.
[0023] As used herein, “activated T cell” refers to a T cell
that expresses cytokines after binding of the TCR to an
antigen presented by an antigen presenting cell (APC). The
APC can present the antigen in the context of a MHC class
I or class II molecule. In some embodiments, the APC can
present the antigen in the context of a MHC class I mol-
ecules.

[0024] The term “exogenous” refers to a polynucleotide or
protein that is not naturally present in a cell or not naturally
present in a given context in the cell.

[0025] The term “comprising” is open ended and does not
exclude other components, ingredients, or steps. Accord-
ingly, the term “comprising” encompasses the more restric-
tive terms “consisting essentially of”” and “consisting of.”
[0026] With the term “consisting essentially of” it is
understood that the exogenous TCR polypeptide and/or
polynucleotide “substantially” comprises the indicated
sequence as an “essential” element. Additional sequences
may be included at the 5' end and/or at the 3' end. Accord-
ingly, a polypeptide “consisting essentially of” sequence X
will be novel in view of a known polypeptide accidentally
comprising the sequence X.

[0027] With the term “consisting of” it is understood that
the polypeptide and/or polynucleotide according to the
invention corresponds to at least one of the indicated
sequences (for example a specific sequence indicated with a
SEQ ID Number or a homologous sequence or fragment
thereof).

[0028] The term “exogenous T cell receptor” (TCR) is
herein defined as a recombinant TCR which is expressed in
a cell by introduction of exogenous nucleic acid coding
sequences for a TCR. In particular, the epitope-reactive TCR
may be expressed in a cell in which the TCR is either not
natively expressed or is expressed at levels that are insuf-
ficient to induce a response by the cell or a responder cell
upon TCR-ligand binding.

[0029] The term “fragment” is herein defined as an incom-
plete or isolated portion of the full sequence of the antigen
or epitope-reactive exogenous TCR which comprises the
active site(s) that confers the sequence with the character-
istics and function of the HBV epitope-reactive exogenous
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TCR. In particular, it may be shorter by at least one
nucleotide or amino acid. The fragment comprises the active
site(s) that enable the epitope-reactive exogenous TCR to
recognise and bind to the epitope.

[0030] The term “HBV epitope-reactive T Cell Receptor
(TCR)” is herein defined as a TCR which binds to an HBV
epitope in the context of a Major Histocompatibility Com-
plex (MHC) molecule to induce a helper or cytotoxic
response in the cell expressing the recombinant TCR. In
particular, the HBV epitope may be HBs 183-191, HBs
370-79 or HBc 18-27. More particularly, the HBV epitope
may comprise the sequence of SEQ ID NO:25. The HBV
epitope may be HBs 370-79. More particularly, the HBV
epitope may comprise the sequence of SEQ ID NO:56, SEQ
ID NO:57 or SEQ ID NO:58.

[0031] The term “HBc 18-27 epitope” is herein defined as
an epitope that can stimulate HL A class I restricted T cells.
It may be used interchangeably in the present invention as
HBc18, HBc18-27, and HBc18-27 peptide. The sequence of
the epitope may be “FLPSDFFPSV” (SEQ ID NO:25). In
the present invention, the term HBc18-27 is used to refer to
the HBc18-27 epitope of genotype A/D prevalent amongst
Caucasians of sequence SEQ ID NO:25 unless otherwise
stated. The region of the T cell receptor that binds to the
epitope is referred to as HBc18-27 TCR or HBc18 TCR.
[0032] The term “HBs 370-79 epitope” is herein defined
as an epitope that can stimulate HLA class I restricted T
cells. The sequence of the epitope may be “SIVSPFIPLL”
(SEQ ID NO:56). In the present invention, the term HBs
370-79 is used to refer to the HBs 370-79 epitope of
genotype A/D prevalent amongst Caucasians of sequence
SEQ ID NO:56 unless otherwise stated. The region of the T
cell receptor that binds to the epitope is referred to as
HBs370-79 TCR.

[0033] The term “immunotherapeutically effective
amount” is herein defined as an amount which results in an
immune-mediated prophylactic or therapeutic effect in the
subject, i.e., that amount which will prevent or reduce
symptoms compared to pre-treatment symptoms or com-
pared to a suitable control.

[0034] The term “isolated” is herein defined as a biologi-
cal component (such as a nucleic acid, peptide or protein)
that has been substantially separated, produced apart from,
or purified away from other biological components in the
cell of the organism in which the component naturally
occurs, i.e., other chromosomal and extrachromosomal
DNA and RNA, and proteins. Nucleic acids, peptides and
proteins that have been isolated thus include nucleic acids
and proteins purified by standard purification methods. The
term also embraces nucleic acids, peptides and proteins
prepared by recombinant expression in a host cell as well as
chemically synthesized nucleic acids.

[0035] The term “operably connected” is herein defined as
a functional linkage between regulatory sequences (such as
a promoter and/or array of transcription factor binding sites)
and a second nucleic acid sequence, wherein the regulatory
sequences direct transcription of the nucleic acid corre-
sponding to the second sequence.

[0036] The term “mutant” or “mutant form™ of a TCR
epitope is herein defined as one which has at least one amino
acid sequence that varies from at least one reference
sequence via substitution, deletion or addition of at least one
amino acid, but retains the ability to bind and activate the
TCR bound and activated by the non-mutated epitope. In
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particular, the mutants may be naturally occurring or may be
recombinantly or synthetically produced.

[0037] The term “subject” is herein defined as vertebrate,
particularly mammal, more particularly human. For pur-
poses of research, the subject may particularly be at least one
animal model, e.g., a mouse, rat and the like. In particular,
for the animal models, the sequence of the TCR.alpha.- and
.beta.-chains may be selected based on species. In some
cases, transgenic animals expressing human MHC mol-
ecules may also be useful in evaluating specific aspects of
the present invention.

[0038] A person skilled in the art will appreciate that the
present invention may be practiced without undue experi-
mentation according to the method given herein.

[0039] The term “sequence identity” refers to two or more
nucleic acid or amino acid sequences that are the same. Two
or more nucleic acid or amino acid sequences can also share
a certain percentage of nucleotides or amino acids that are
the same, for example, at least 80%, 85%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or 100% identity
relative to a reference sequence over a specified region. The
percentage of sequence identity can be determined by com-
paring two optimally aligned sequences over a comparison
window. Sequence alignment methods are well known in the
art, for example, the local homology algorithm of Smith and
Waterman (Adv. Appl. Math. 2:482, 1970), the homology
alignment algorithm of Needleman and Wunsch (J. Mol
Biol. 48:443, 1970), the search for similarity method of
Pearson and Lipman (Proc. Natl. Acad. Sci. USA 85:2444,
1988), computerized implementations of these algorithms
(e.g., GAP, BESTFIT, FASTA, and TFASTA in the Wiscon-
sin Genetics Software Package, Genetics Computer Group,
575 Science Dr., Madison, Wis.), or manual alignment and
visual inspection (see, e.g., Ausubel et al., Current Protocols
in Molecular Biology (1995 supplement)). Additional algo-
rithms include the BLAST and BLAST 2.0 algorithms,
which are described in Altschul et al. (Nuc. Acids Res.
25:3389-402, 1977), and Altschul et al. (J. Mol. Biol.
215:403-10, 1990), respectively. Software for performing
BLAST analyses is publicly available through the National
Center for Biotechnology Information (see the internet at
www.ncbi.nlm.nih.gov/). [0040] The terms “bind” and “spe-
cifically binds,” in the context of TCR specificity for an
antigen or antigenic peptide, refers to the binding affinity
between a TCR and a target antigen peptide bound to a major
histocompatibility complex (MEC) molecule, and can be
expressed as the dissociation constant (Kd) between a TCR
and an antigenic peptide-MHC. The Kd can be in the range
of 1-100 puM, with an association rate (kon) of 1000-10000
M~ 57! and a dissociation rate (koff) of 0.01-0.1 s7*, as
determined by surface plasmon resonance (SPR).

DETAILED DESCRIPTION OF THE
INVENTION

[0040] Described herein are compositions and methods
that are useful to engineer the specificity of T-cells and make
them resistant to immunosuppressants. In one aspect,
described herein is a modified T cell that co-expresses an
exogenous T cell receptor (TCR) and one or more exog-
enous inhibitors of an immunosuppressant. In some embodi-
ments, the modified T cell is an immunosuppressant drug
resistant armored T-cell that co-expresses an exogenous T
cell receptor (TCR) and one or more exogenous inhibitors of
an immunosuppressant (referred to as an IDRA TCR T-cell).
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In one aspect, described herein is a method for producing a
modified T cell described herein, the method comprising (i)
modifying a T cell to express T cell receptors (TCR) that
specifically bind to an antigen expressed by a target cell, and
(i1) modifying the T cell to confer resistance to an immu-
nosuppressant, or reduce the activity of an immunosuppres-
sant. In some embodiments, the TCR is an exogenous TCR
that is not normally expressed by the T cell. In some
embodiments, the antigen is expressed by a tumor cell. In
some embodiments, the antigen is a peptide expressed by a
virus. In some embodiments, the antigen is a peptide from
HBV, EBY, or CMV. In some embodiments, the antigen is
expressed by a cell infected with a virus.

[0041] In some embodiments, the method comprises an
adoptive T-cell immunotherapy strategy where autologous
T-cells isolated from the peripheral blood of HCC patients
are modified to comprise (i) T cell receptors (TCR) that
specifically bind HBV peptides presented on the surface of
the HCC cells (HBV-TCR T-cells); and (ii) an agent that
confers resistance to an immunosuppressant, or reduces the
activity of an immunosuppressant. In some embodiments,
the TCR is an exogenous TCR that is not normally expressed
by the autologous T cell. In some embodiments, the agent
comprises a molecule or compound that decreases expres-
sion of a gene or protein in an immunosuppressant pathway.
In some embodiments, the agent comprises a nucleic acid
that inhibits expression of an mRNA encoding a gene or
protein in an immunosuppressant pathway. In some embodi-
ments, the agent comprises a mutated version of the gene or
protein. In some embodiments, the agent is overexpressed in
the modified cell.

[0042] In some embodiments, the immunosuppressant is
tacrolimus (FK506), and the immunosuppressant pathway is
a pathway that activates the NFAT/NF-kappaB pathway or
the calcineurin pathway. In some embodiments, the agent is
a mutant calcineurin (CN) subunit B (CnB) protein.

[0043] In some embodiments, the agent inhibits tacroli-
mus binding protein FKBP1A. In some embodiments, the
agent is si-RNA that decreases expression of FKBP1A
mRNA and thus reduces the amount of FKBP1A protein
expressed by the cell.

[0044] In some embodiments, the immunosuppressant is
Mycophenolate mofetil (MMF). In some embodiments, the
agent comprises a mutant IMPDH protein.

[0045] The methods and compositions described herein
provide the following unexpected advantages.

[0046] First, for safety purposes, mRNA encoding anti-
gen-specific T-cell receptors is introduced into T-cells such
that the exogenous TCR is transiently expressed by the
modified T cell. The method results in limiting the functional
lifespan of the engineered T-cells to about 3-5 days in vivo,
after which the modified T cells revert to non-specific
autologous T-cells.

[0047] In contrast, current methods in the field of chimeric
antigen receptor (CAR)/TCR T-cell immunotherapy have
focused primarily on viral vector transduction methods to
engineer T-cells that are able to stably express the CAR/TCR
transgene to increase the in vivo persistence of the engi-
neered T-cells for increased efficacy (Majzner and Mackall,
2019, Nat. Med.). The instant methods provide improved
safety characteristics. By limiting the CAR/TCR expression
to a few days in vivo, the autologous, engineered T-cells will
revert to their native specificity, which may reduce or
prevent treatment-related adverse events. At the same time,



US 2023/0338532 Al

the transient expression of genes encoding the proteins
described herein produce T cells that are resistant to the
immunosuppressive effect for only a limited temporal win-
dow (about 72 hours). The ability to engineer T-cells with
such transient expression characteristics provides an
advance in the field and solves a problem that is not
addressed by current methods.

[0048] Second, it was not predictable that the transient
expression of the mutant immunosuppressant inhibitors
through mRNA electroporation would have the desired
immunosuppressant resistance effect. In prior studies where
T-cells were made to be resistant to tacrolimus or MMF
(Brewin et al, 2009, Blood) (Jonnalagadda et al, 2013, Plos
One), the expression of the mutated forms of CnB and
IMPDH was constitutive and mediated by the use of viral
vector transduction. The consistent source of the mutant
proteins could clearly out-compete the wild-type protein and
hence confer the resistance to tacrolimus and MMF. There-
fore, when the expression of immunosuppressant inhibitors
occurred only for a short duration, it was not predictable
whether the quantities of mutant protein generated would be
sufficient to out-compete the wild-type protein.

[0049] Third, the methods described herein concurrently
electroporate the mRNA encoding the antigen-specific TCR,
and mRNA encoding one or more immunosuppressant
inhibitors. In some embodiments, the methods described
herein concurrently electroporate the mRNA encoding the
HBV-specific TCR, mutant CnB and mutant IMPDH into a
T cell, where the mRNA exist as 3 independent mRNA
constructs. Similar to above, the effectiveness of simultane-
ously electroporating 3 independent mRNA constructs can-
not be predicted without experimentation.

[0050] Taken together, the instant methods and composi-
tions provide the unexpected advantages of 1) transient
expression of the mutant immunosuppressant inhibitor pro-
teins through mRNA electroporation, and ii) the ability to
electroporate multiple mRNA constructs into a single cell.
Furthermore, the general focus of the field is on viral vector
transduction methods rather than electroporation of mul-
tiple, independent mRNA constructs as in the instant meth-
ods.

Modified T Cells

[0051] Described herein are modified T cells that express
both an exogenous TCR and an exogenous immunosuppres-
sant inhibitor. The modified T cells can be transfected (e.g.,
electroporated) or transduced with mRNA encoding the
exogenous TCR and mRNA encoding the exogenous immu-
nosuppressant inhibitor.

[0052] In some embodiments, the exogenous TCR spe-
cifically binds an antigen expressed by a cell. In some
embodiments, the antigen is expressed by a tumor cell. In
some embodiments, the antigen is a viral antigen. In some
embodiments, the exogenous TCR specifically binds an
epitope from a virus, such as hepatitis B virus (HBV),
cytomegalovirus (CMV) or Epstein-Barr virus (EBV).
[0053] In some embodiments, the TCR comprises alpha
and beta chains that specifically bind the s183-191 peptide
of HCV (referred to herein as s183-TCR). In some embodi-
ments, the TCR specifically binds a HBV core antigen
comprising amino acids 18-27 of the intact protein. In some
embodiments, the TCR binds an epitope from the LMP2
protein of EBV.
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[0054] In some embodiments, the viral antigen is
expressed by a tumor cell. In some embodiments, the tumor
cell is from a liver tumor. In some embodiments, the tumor
cell is from a hepatocellular carcinoma (HCC) tumor. In
some embodiments, the tumor cell comprises a viral DNA
inserted into the cell’s genome. For example, in some
embodiments, HCC tumor cells comprise HBV-DNA inte-
grated into the cell’s genome. In some embodiments, the
viral DNA is an etiologic agent that is associated with or
causative of the transformed or neoplastic tumor cell phe-
notype.

[0055] In some embodiments, the antigen is expressed by
a cell infected with a virus. In some embodiments, the virally
infected cell is present in an immunosuppressed subject or
patient. In some embodiments, the virus is CMV or EBV.

[0056] In some embodiments, the modified T cells com-
prise mRNA encoding an exogenous TCR. In some embodi-
ments, the alpha and beta chains of the TCR are translated
from a single mRNA molecule comprising nucleic acid
sequences encoding the alpha and beta chains of the TCR. In
some embodiments, the modified T cells comprise mRNA
encoding an exogenous TCR that binds to antigens or
epitopes expressed by a tumor cell. In some embodiments,
the modified T cells comprise mRNA encoding an exog-
enous TCR that binds to antigens or epitopes derived from
a virus, such as HBV, CMV, or EBV.

[0057] In some embodiments, the exogenous TCRs
described herein are functional in the modified T cell in
which they are expressed. In particular, the exogenous TCRs
may be functional heterodimers of alpha and beta TCR
chains associated with a CD3 complex that recognize at least
one epitope in the context of at least one Class I or Class 11
MHC molecule. In humans, the MEC restriction of at least
one epitope may be dependent on at least one particular
Human Leukocyte Antigen (HLLA) expressed by at least one
cell presenting the antigen. TCRs that bind viral epitopes can
be restricted to any HL A type (i.e., HLA-A, HLA-B, HLA-
C, HLA-DPA1, HLA-DPB1, HLA-DQA1, HLA-DQBI,
HLA-DRA, and HLA-DRB1). In some embodiments, the
exogenous TCR may recognize at least one epitope in the
context of at least one MEC molecule of at least one species
other than human, e.g., H-2K of mouse.

[0058] In some embodiments, the TCR recognizes and
binds to HBV epitopes that are HLLA-A2 restricted. Approxi-
mately 50% of the general population express the MHC
class I molecule HLA-A2, an HLA-A serotype. Therefore,
HLA-A2-restricted TCRs may find widespread therapeutic
use. In particular, the subtype may identify gene products of
many HLA-A*02 alleles, comprising HLA-A*0201, *0202,
*0203, *0206, and *0207 gene products. There may be
distinct differences in the subtypes between Caucasian and
Asian populations. Whereas more than 95% of the HLA-A2
positive Caucasian population is HLA-A0201, the HLA-A2
positive Chinese population may be broken down into 23%
HLA-A0201; 45% HLA-A0207; 8% HLA-A0206; 23%
HLA-A0203.

[0059] The TCRs described herein may be HBV-epitope
reactive. A list of known immunoreactive HBV epitopes and
their sequences may be found in “Immunodominance: The
choice of the Immune System,” J. A. Frelinger, ed (Wein-
heim: Wiley-VCH) (see page 233, chapter 11 The effect of
pathogens on the immune system: Viral hepatitis), which is
herein incorporated by reference. The HBV epitope may
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comprise at least one core antigen, envelope antigen, surface
antigen and/or mutants thereof.

[0060] In some embodiments, the TCR specifically binds
a viral epitope from an HBV, EBV, CMV, FLU or SARS
virus. In some embodiments, the TCR specifically binds a
viral epitope listed in Table 1 below (see, Banu et al,
Building and Optimizing a Virus-specific T Cell Receptor
Library for Targeted Immunotherapy in Viral Infections, Sci
Rep. 2015; 4: 4166):

TABLE 1
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[0064] In some embodiments, the modified T cell is an
activated T cell. In some embodiments, the activated T cells
are isolated from peripheral blood mononuclear cells
(PBMC) of a subject. Activated T cells can be isolated using
methods know in the art, including flow cytometry and
Fluorescent Activated Cell Sorting (FACS) analysis. Acti-
vated T cells from humans can be identified by expression
of one more markers selected from CDS8, CD39, or HLA-
DR, or by the production of cytokines after antigen specific

Cloned Virus-specific T cell receptors

aa  Peptide Optimal IFN-
# Vius Ag position Sequence HLA orientation Vp* Pent® y°
1 CMV IEl 42-50 KEVNSQLSL B4001  VP27-P2A- 1.2 35 13
Va6
2 CMV pp65 501-09 ATVQGQNLK ~ Al101  VpB9-P2A- 4.1 81 1.6
Va29
3 CMV pp65 495-505 NLVPMVATV A0201  VP12-P2A- 1.1 1 1.2
Vas
4 EBV EBNA- 399-408 AVFDRKSDAK All Vp5-P2A- 2.4 3.2
4NP Val9
5 HBV env 171-80 FLGPLLVLQA  Cw0801 V[20.1- 25 169 63
P2A-Vas5
6 HBV core 18-27 FLPSDFFPSV A0201  Val7-P2A- 2.9 24 37
Vp12-4
7 HBV env 370-379 SIVSPFIPLL A0201  VP7.8-P2A- 9.8 54
Val2
8 HBV env 183-191 FLLTRILTI A0201  VP28-P2A- 1.2 19 1.9
Va34.l
9 SARS NP 216-225 GETALALLLL  B4001  VB4.3-P2A. 1 27 14
Va4l
10 Flu M1 58-66 GILGFVFTL A0201  VpP19.1- 1 13 11
P2A-Va27
Mean 1.9 42 27

“Fold increase based on positive orientation of TCR cassette.

[0061] Antigen-specific T cells can be identified using
matching HLA-pentamers/tetramers or the CD107a
degranulation assay and clonal populations can be derived
by limiting dilution cloning or sorting T cells using anti-
bodies specific for the variable region of TCR beta chains.
The TCRs can be cloned by extracting total RNA from
sorted clones and the wild type TCR alpha and beta genes
cloned using rapid amplification of ¢cDNA ends (RACE)
PCR with TCR constant region gene specific primers. The
TCRs can be cloned into a suitable vector, such as a
retroviral vector, and tested for expression in primary human
T cells.

[0062] In some embodiments, the modified T cells com-
prise mRNA encoding an exogenous polypeptide or protein
inhibitor of an immunosuppressant. In some embodiments,
the immunosuppressant is Tacrolimus or mycophenolate
mofetil (MMF). In some embodiments, the mRNA encodes
an exogenous polypeptide or protein that reduces expression
of the FK506-binding protein (FKBP1A). In some embodi-
ments, the mRNA encodes a mutant calcineurin (CN) sub-
unit B (CnB) protein. In some embodiments, the mRNA
encodes an exogenous polypeptide or protein that blocks or
reduces MPA binding to IMPDH. In some embodiments, the
mRNA encodes a mutant IMPDH protein.

[0063] In some embodiments, the modified T cell com-
prises exogenous nucleic acids that reduce or inhibit expres-
sion of endogenous mRNA expressed by a tumor cell. In
some embodiments, the exogenous nucleic acids comprise
small-interfering RNAs (si-RNA) or micro RNA (miRNA).

stimulation. In some embodiments, the T cell expresses
CDA4. In some embodiments, the modified T cells transiently
express both the native (endogenous) and exogenous TCR.
In some embodiments, the native (endogenous) TCR is not
determined, but knowledge of the endogenous TCR is not
necessarily required for the methods described herein.

Inhibitors of Immunosuppressants

[0065] Described herein are agents that confer resistance
to an immunosuppressant, or reduce the activity of an
immunosuppressant. In some embodiments, the agent com-
prises a molecule or compound that decreases expression of
a gene or protein in an immunosuppressant pathway. In
some embodiments, the agent comprises a nucleic acid that
inhibits expression of an mRNA encoding a gene or protein
in an immunosuppressant pathway. In some embodiments,
the nucleic acid is an interfering RNA, such as siRNA. In
some embodiments, the agent comprises a mutated version
of the gene or protein. In some embodiments, the agent is
overexpressed in the modified cell.

[0066] In some embodiments, the immunosuppressant is
Tacrolimus (FK506), and the inhibitor of Tacrolimus is a
nucleic acid or protein that reduces expression of the
FK506-binding protein (FKBP1A). As shown in FIG. 2, the
FK506-FKBP1A complex binds to the calcineurin (CN)
heterodimer, which subsequently blocks NFAT pathway
activation. Thus, in some embodiments, the immunosup-
pressant pathway is a pathway that normally activates the
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NFAT/NF-kappaB pathway or the calcineurin pathway. In
some embodiments, the inhibitor of Tacrolimus is a nucleic
acid, such as an si-RNA, that inhibits expression of
FKBP1A. In some embodiments, the inhibitor of Tacrolimus
is a mutant calcineurin (CN) subunit B (CnB) protein.
[0067] In some embodiments, the immunosuppressant is
Mycophenolate mofetil (MMF). MMF is an anti-metabolite
drug used as an adjunctive immunosuppressive agent in
combination with tacrolimus. MMF reduces the cytotoxic
effect of tacrolimus particularly in patients with renal dys-
function and neurotoxicity. MMF is a pro-drug that rapidly
hydrolyses to its active form, MPA, within the liver. MPA
inhibits inosine 5'-monophosphate dehydrogenase (IMPDH)
which is essential for de novo purine synthesis and selec-
tively inhibits lymphocyte proliferation (FIG. 4A). Typi-
cally, a standard fixed dose of 1-2 g MMF is given twice a
day to achieve maintenance immunosuppression (serum
trough level—1-3 pg/ml). In some embodiments, the inhibi-
tor of MMF is an agent that blocks or reduces binding of
MPA to IMPDH. As shown in FIG. 4, overexpression of
mutant IMPDH recovers T cells viability in the presence of
therapeutic concentrations of MMF. Thus, in some embodi-
ments, the inhibitor of MMF comprises a mutant IMPDH
protein.

[0068] In some embodiments, the mutant CnB and
IMPDH sequences are codon optimized for expression in T
cells.

Methods for Producing Modified T Cells

[0069] Also described are methods for producing the
modified T cells described herein. In some embodiments, the
methods comprise introducing exogenous nucleic acids into
T cells. Constructs comprising exogenous nucleic acids can
be delivered to cells in vitro, ex vivo or in vivo using any
number of methods known to those of skill in the art. For
example, if the cells are in vitro or ex vivo, they can be
transformed or transduced according to standard protocols,
e.g., those described in Molecular Cloning: A Laboratory
Manual (Fourth Edition), by M. R. Green and J. Sambrook,
(2012). Examples of suitable methods include but are not
limited to, the CaCl,) chemical method or electroporation.
In some embodiments, the exogenous nucleic acids are
introduced into T cells by electroporation. In some embodi-
ments, one or more independent mRNAs are introduced into
one or more T cells. In some embodiments, one, two, three
or more independent mRNAs are introduced into one or
more T cells. In some embodiments, the exogenous nucleic
acids are introduced into T cells in vivo, for example by viral
vectors, nanoparticles, gold particles, lipoplexes and/or
polyplexes.

[0070] In some embodiments, the modified T cell is an
autologous T cell isolated from a subject. In some embodi-
ments, the modified T cell is an autologous T cell isolated
from a subject having a disease. In some embodiments, the
modified T cell is an autologous T cell isolated from a
subject having liver cancer. In some embodiments, the
modified T cell is an autologous T cell isolated from a
subject having HCC.

[0071] In some embodiments, a construct comprising a
polynucleotide encoding an exogenous TCR or immunosup-
pressant inhibitor described herein can be inserted or cloned
into a suitable expression vector. In some embodiments, a
construct comprising a polynucleotide encoding an exog-
enous TCR or immunosuppressant inhibitor described
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herein is operably connected to at least one promoter. The
coding sequences for alpha and beta-chains of the TCR can
be operably connected to at least one promoter functional in
the isolated T cell. Suitable promoters may be constitutive
and inducible promoters, and the selection of an appropriate
promoter is well within the skill in the art. For example,
suitable promoters may comprise, but are not limited to, the
retroviral TR, the SV40 promoter, the CMV promoter and
cellular promoters (e.g., the beta-actin promoter).

[0072] According to one aspect, the present invention
provides at least one method of preparing at least one T cell
comprising at least one HBV epitope-reactive exogenous
TCR for delivery to at least one subject comprising trans-
ducing at least one T cell isolated from the subject with the
construct of and/or the vector of the present invention.
Constructs and vectors according to the present invention
may be delivered to cells in vitro, ex vivo or in vivo using
any number of methods known to those of skill in the art. For
example, if the cells are in vitro or ex vivo, they may be
transformed or transduced according to standard protocols,
e.g., those described in Molecular Cloning: A Laboratory
Manual, 3d ed., Sambrook and Russell, CSHL Press (2001),
incorporated herein by reference. Examples of methods may
comprise but are not limited to, the CaCl,) chemical method,
electroporation and the like. In particular, the constructs
according to the present invention may be delivered into the
cells in vivo. Suitable methods of delivery of polynucleotide
constructs are known in the art, and may comprise but are
not limited to, viral vectors, nanoparticles, gold particles,
lipoplexes and/or polyplexes.

Methods of Treatment and Diagnosis

[0073] Also provided are methods of treating a medical
condition or disease in a subject or patient by administering
the modified immunosuppressant resistant T cells described
herein to the subject or patient. Methods of treatment can
reduce the number or severity of symptoms associated with
a medical condition or disease, or can prevent or completely
eliminate (cure) the medical condition or disease. The sub-
ject or patient can be an animal, a mammal, or a human. In
some embodiments, a modified T cell described herein is
administered to a subject in need of treatment. In some
embodiments, the medical condition or disease is cancer, a
tumor, or a viral infection. In some embodiments, the disease
is HCC. In some embodiments, the treatment may be used
to cure or prevent an acute or chronic HBV infection or an
associated condition, including hepatocellular carcinoma.
[0074] In some embodiments, viral infections can be
treated by administering the immunosuppressant resistant
T-cells described herein. In some embodiments, the viral
infections are HBV, CMV and EBV infections. CMV and
EBYV infect almost all adults globally and while these viruses
remain latent and do not cause overt pathologies under
normal circumstances, immunosuppression of patients with
organ or stem cell transplantation often cause a reactivation
of these viruses, which can lead to the respective virus-
related disorders or graft rejection and consequently
increased mortality. Thus, in some embodiments, modified
immunosuppressant resistant T cells that express TCRs that
bind to antigens or epitopes from HBV, CMV or EBV are
administered to a subject in need of treatment.

[0075] In some embodiments, a therapeutically effective
amount of the modified T cells described herein is admin-
istered to the subject. As will be understood by the skilled
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person, the quantity of cells that make up the immunothera-
peutically effective amount of cells to be administered
depends on the subject to be treated. This may be dependent
on but not limited to, the capacity of the individual’s
immune system to mount TCR-mediated immune response,
the age, sex and weight of the patient and the severity of the
condition being treated. The number of variables in regard to
at least one individual’s prophylactic or treatment regimen
may be large, and a considerable range of doses may be
expected. In particular, cells may be administered in at least
one amount from 5x10° cells/kg body weight to 1x10'°
cells/kg body weight, for example, 5x10° cells/kg body
weight to 1x10° cells/kg body weight may be administered.
The maximal dosage of cells to be administered to the
subject may be the highest dosage that does not cause
undesirable and/or intolerable side effects. Suitable regi-
mens for initial administration and additional treatments
may also be contemplated and may be determined according
to conventional protocols.

[0076] Also provided are modified T cells described
herein for use in the treatment of a tumor or a viral infection.
In some embodiments, the modified T cells described herein
are for use in the treatment of a HBV infection and/or
HBV-related hepatocellular carcinoma.

[0077] According to another aspect, also provided is a
modified immunosuppressant resistant T cell described
herein for the preparation of a medicament for treating a
tumor or viral infection.

[0078] Suitable solid or liquid medicament preparation
forms may be, for example, granules, powders, tablets,
coated tablets, (micro) capsules, suppositories, syrups,
emulsions, suspensions, creams, aerosols, drops or inject-
able solutions in ampule form and also preparations with
protracted release of active compounds, in whose prepara-
tion excipients and additives and/or auxiliaries such as
disintegrants, binders, coating agents, swelling agents, lubri-
cants, flavourings, sweeteners or solubilizers are customar-
ily used as described above. The medicaments may be
suitable for use in a variety of drug delivery systems.

EXAMPLES

Example 1

[0079] An exemplary method for producing the modified
immunosuppressant resistant T cells described herein.

[0080] PBMC of healthy subjects were cultured with 50
ng/ml anti-CD3 and 600 IU/ml IL-2 in T cell media con-
taining AIM-V 2% human AB serum for 7 days. On day 7,
IL-2 concentration was increased to 1000 IU/ml and the T
cells were incubated overnight. On day 8, expanded/acti-
vated T cells were electroporated with 3 mRNAs. In brief,
10x10° activated T cells were washed 3 times with elec-
troporation media. 20 pg of S183 mRNA, 20 ug of mutant
IMPDH mRNA and 10 pg of mutant CnB mRNA were
added to T cells followed by addition of 200 pl of elec-
troporation media. The mixture was transferred to a 4 mm
cuvette and electroporated via customized program of Agile
Pulse electroporation system (Harvard Bioscience). Elec-
troporated T cells were rested for 2 minutes and maintained
overnight in AIM-V media containing 10% human AB
serum plus 100 IU/ml rIL-2 at 37° C. and 5% CO,. TCR
expression was quantified 24 hours post-electroporation.
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Example 2

[0081] Engineered T cells that express an exogenous TCR
and an inhibitor of Tacrolimus.

[0082] As shown in FIG. 2, Tacrolimus diffuses into the T
cell cytoplasm and binds to its 12-kDa chaperone protein
called FK506-binding protein (FKBP1A). This small com-
plex binds to the CN heterodimer, which subsequently
blocks NFAT pathway activation.

[0083] As a first strategy, smart pool si-RNA was used to
knockdown tacrolimus binding protein FKBP1A. Concur-
rent electroporation of si-RNA and engineered TCR mRNA
can partially recover T cell polyfunctionality and cytolytic
activity.

[0084] To improve the response, the CnB binding site in
the CN complex was targeted. Based on previous evidence,
mutation in CnB inhibits docking of either or both FK506/
FKBP12 and CsA/CyPA complexes, but does not affect
NFAT dephosphorylation. Previous studies using viral trans-
duction of mutant CnB30 in EBV-specific T cells showed
resistance to both Tacrolimus and cyclosporine A (CsA) (4).
Hence, mutant CnB30 mRNA was in vitro transcribed and
electroporated into T cells concurrently with the mRNA
coding for the HBV TCR.

[0085] Results: Concurrent electroporation of S-183 TCR
and mutant CnB showed profound functional recovery (ap-
proximately 90%) (FIG. 3C) without any interference in
S183 TCR expression. Notably, this expression only lasted
for about 72 hours post-electroporation, after which the T
cells regained their sensitivity to tacrolimus. The transient
expression of the mRNAs improves safety and reduces the
potential risk of liver graft rejection when used in HBV-
HCC patients who have received liver transplantation.
[0086] This example demonstrates that concurrent over-
expression of CnB mutant protein, through mRNA elec-
troporation, in HBV-TCR engineered T-cells results in T
cells that are transiently resistant to Tacrolimus, and have
improved functional activity compared to T cells that
express HBV-TCR alone.

Example 3

[0087] Engineered T cells that express an exogenous TCR
and an inhibitor of Mycophenolate mofetil (MMF).

[0088] Mycophenolate mofetil (MMF) is a common
immunosuppressant frequently used as an adjunctive immu-
nosuppressive agent in combination with tacrolimus. It
reduces the cytotoxic effect of tacrolimus, particularly in
patients with renal dysfunction and neurotoxicity. MMF is a
pro-drug that rapidly hydrolyses to its active form, MPA,
within the liver. MPA inhibits inosine 5'-monophosphate
dehydrogenase (IMPDH), which is essential for de novo
purine synthesis and selectively inhibits lymphocyte prolif-
eration (FIG. 4A). Typically, a standard fixed dose of 1-2 g
MMF has been given twice a day to achieve maintenance
immunosuppression (serum trough level approximately 1-3
pg/ml).

[0089] According to the data shown in FIGS. 4B and 4C,
a clinically relevant concentration of MMF does not impair
T cell function and killing, but markedly decreases the
viability of the modified TCR-T cells’ viability after 48
hours exposure to the drug (see FIG. 4C. “Mock EP”).
Therefore, T cells were concurrently electroporated with
mRNA encoding the HBV-TCR (s183) and mRNA encoding
a mutant IMPDH.
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[0090] Results: T cells engineered to express both HBV-
TCR and a mutated IMPDH showed dramatic improvement
in cell viability (FIG. 4C, “IMPDH*”).

[0091] This example demonstrates that using mRNA elec-
troporation, the engineered HBV-TCR T cells that express
mutated IMPDH can markedly maintain their viability for
up to 72 hours in the presence of MMF.

Example 4
[0092] A representative method of treating a patient with
HCC.
[0093] An adoptive T-cell immunotherapy strategy has

been developed, wherein autologous T-cells isolated from
the peripheral blood of HCC patients were engineered to be
specific for HBV peptides presented on the surface of the
HCC cells (HBV-TCR T-cells). As a proof-of-concept, two
patients with HBV-HCC relapses after liver transplantation
have been treated with the modified T cells in a compas-
sionate setting, and in one patient, a prominent anti-tumour
response was observed, followed by a stabilization of dis-
ease progression for almost two years. However, such
patients will also need to be administered life-long immu-
nosuppressant to prevent rejection of the liver graft. The
present disclosure provides an alternative method for treat-
ing patients with HCC.

[0094] Recent in vitro data showed that the immunosup-
pressants can profoundly inhibit the function of engineered
HBV-TCR T-cells. As such, we determined if a clinically
used immunosuppressant could interfere with the function of
the HBV-TCR T-cells, and whether immunosuppressant
resistant HBV-TCR T-cells could be engineered.

[0095] First, the function of HBV-TCR T-cells in the
presence of a widely used immunosuppressant, Tacrolimus,
at clinically relevant doses was assessed. The presence of
Tacrolimus can potently inhibit both the cytotoxic function
and cytokine secretion of HBV-TCR T-cells. As shown in
FIG. 1A, a clinically relevant concentration of Tacrolimus
can impair T cell TNF-a production following 12 hours
incubation with the HBV-antigen-expressing target cells (i.e.
HepG2.2.15 cells). Tacrolimus-treated T cells also lost their
cytolytic activity up to a maximum of 50% of the non-
treated control (FIG. 1B).

[0096] To overcome the negative effects of Tacrolimus on
the engineered T cells, autologous T cells that have been
modified to express both an exogenous TCR and an exog-
enous immunosuppressant inhibitor are tested in vitro and in
vivo. In vitro assays described above are used to determine
the cytotoxic function and cytokine secretion of HBV-TCR
T-cells. The modified T cells are tested in an in vivo model
of HCC, such as those described in Heindryckx F, Colle I,
Van Vlierberghe H. Experimental mouse models for hepa-
tocellular carcinoma research. Int J Exp Pathol. 2009; 90(4):
367-386. Examples of suitable models include xenograft
models, which develop HCC by implanting hepatoma cell
lines in mice, either ectopically or orthotopically. A suitable
animal model is described in Koh, S. et al., “A Practical
Approach to Immunotherapy of Hepatocellular Carcinoma
Using T Cells Redirected Against Hepatitis B Virus,” Mol
Ther Nucleic Acids. 2013; 2(8):el14.

[0097] The autologous T cells that are tested for efficacy
can be modified to express both a HBV-specific TCR and a
mutant protein. The modified autologous T cells that show
efficacy in vitro and/or in vivo are then administered to a
subject to determine if they produce an anti-tumor response.
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Example 5

[0098] Reducing the Expression of FKBP1A in T Cells
Provides Resistance to Tacrolimus

[0099] An si-RNA electroporation system was adopted to
make HBV-TCR T cells transiently resistant to tacrolimus.
In the si-RNA approach, FKBP12 ON-TARGET plus si-
RNA and m-RNA encoding HBV envelope s183-TCR were
concomitantly delivered to the T cells, using nucleofection.
With this strategy, FKBP1A m-RNA expression was
knocked down by close to 100% 24 hours after electropo-
ration, with no impairment to T cell viability or HBV-TCR
kinetics. As shown in FIG. 5B, siRNA-mediated knockdown
of FKBP1A can only partially recover (~20% recovery with
5 ng/ml of Tacrolimus; 10% Scramble VS 30% FKBP12) T
cell function in the presence of Tacrolimus. This partial
recovery is perhaps explained by the long half-life of
previous FKBP1A protein inside the cells, which may have
reduced the si-RNA-mediated effect. Comparing these find-
ings with the data obtained through overexpression of
mutant CnB, where functional recovery of HBV-TCR T cells
in the presence of Tacrolimus is ~90% (FIG. 3C), shows that
the latter approach has significant advantages over FKBP1A
siRNA knockdown for developing Tacrolimus-resistant
TCR-T cells.

Example 6

[0100] T cells concurrently electroporated with mRNAs
encoding an HBV-specific TCR, a mutant CnB and a mutant
IMPDH are resistant to both TAC and MMF.

[0101] To check the possibility that dual resistant T cell for
MMF and Tacrolimus could be developed, all 3 m-RNA
including mutant CnB, mutant IMPDH and env-183 TCR
were concomitantly electroporated to the T cells, and their
function and viability evaluated in the presence and absence
of drugs. Concomitant electroporation of s183-TCR, CnB
and IMPDH had only a minor impact on TCR expression
(~10-20% reduction) and viability (up to 15%) of engi-
neered T cells 24 hours post-electroporation. Cytokine
analysis of these T cells showed that 3 m-RNA electropo-
rated T cells can retain their Ag-specific function in the
presence of both immunosuppressants (FIG. 6A). This fea-
ture remains transiently, and engineered T cells subsequently
become sensitive to drugs after 5 days. As described earlier,
MMF’s major effect is on the viability of T cells. Viability
analysis of cells after a 72-hour exposure with both drugs
showed that dual-resistant T cells retain viability almost the
same as non-treated T cells (FIG. 6B). Herein is described,
for the first time, dual-resistant T cell that can be used for
cell therapy applications in obligate immunosuppression.

Example 7

[0102] T cells concurrently electroporated with mRNAs
encoding an EBV-specific TCR, a mutant CnB and a mutant
IMPDH are resistant to both TAC and MMF.

[0103] To demonstrate the broad applicability of the pres-
ent invention in the context of T cell therapies in obligate
immunosuppression, IDRA EBV-redirected T cells were
genetically developed. As expected, in the presence of
clinically relevant concentration of tacrolimus and MMF,
EBV redirected T cells lost their polyfunctionality and
viability (FIGS. 7A and 7B). Concomitant electroporation of
EBV TCR m-RNA together with mutant CnB and IMPDH
could dramatically recover the function and viability of
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these T cells in the presence of immunosuppressants agents
(FIGS. 7A and 7B). These findings show that the approach
of'the present invention may be successfully applied in other
cell therapy situations where the use of immunosuppression
is indispensable.

[0104] All patents, patent applications, and other publica-
tions, including GenBank Accession Numbers, cited in this
application are incorporated by reference in the entirety for
all purposes.
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INFORMAL SEQUENCE LISTING:
CnB30 coding region sequence (SEQ ID NO: 1):

ATGGGCAACGAGGCCAGCTACCCTCTGGAGATGTGCTCCCACTTCGACGCCGACGA
GATCAAGCGGCTGGGCAAGCGCTTCAAGAAGCTGGACCTGGACAACAGCGGCAGCC
TGAGCGTGGAGGAGTTTATGTCTCTGCCCGAGCTGCAGCAGAACCCCCTGGTGCAGC
GCGTGATCGACATCTTCGACACCGACGGCAACGGCGAGGTGGACTTCAAGGAGTTC
ATCGAGGGCGTGAGCCAGTTCAGCGTGAAGGGCGACAAGGAGCAGAAGCTGCGGTT
CGCCTTCCGGATCTACGATATGGATAAAGATGGCTATATTTCTAATGGCGAGCTGTT
CCAGGTGCTGAAGATGATGGTGGGCAACAATACCAAGCTGGCCGATACCCAGCTGC
AGCAGATCGTGGACAAGACCATCATCAACGCCGACAAGGACGGCGACGGCAGAAT
CAGCTTCGAGGAGTTCTGTGCCGTGGTGGGAGGCCTGGATATTCACAAAAARATGG
TGGTGGACGTGTGA

CnB30 coding region sequence, codon optimized (SEQ ID NO:
ATGGGGAATGAGGCATCCTATCCACTGGAAATGTGCAGCCACTTCGACGCCGACGA

AATCAAAAGACTGGGGAAAAGGTTCAAAAAGCTGGACCTGGATAACAGCGGCTCCC
TGTCTGTGGAGGAGTTCATGTCCCTGCCCGAGCTGCAGCAGAACCCTCTGGTGCAGA
GAGTGATCGACATCTTTGACACCGATGGCAATGGCGAGGTGGATTTCAAGGAGTTTA
TCGAGGGCGTGAGCCAGTTCTCCGTGAAGGGCGACAAGGAGCAGAAGCTGCGGTTC
GCCTTTAGAATCTACGACATGGATAAGGACGGCTATATCTCTAACGGCGAGCTGTTT

CAGGTGCTGAAGATGATGGTGGGCAACAATACCAAGCTGGCCGACACACAGCTGCA

2):
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-continued
GCAGATCGTGGATAAGACAATCATCAATGCCGATAAGGACGGCGATGGCCGGATCA

GCTTCGAGGAGTTCTGTGCCGTGGTCGGAGGGCTGGATATTCATAAAAAGATGGTCG
TCGATGTCTGA

M-IMPDH2%; T333I, $351Y CDS (SEQ ID NO: 3):
ATGGCCGACTACCTGATTAGTGGGGGCACGTCCTACGTGCCAGACGACGGACTCAC

AGCACAGCAGCTCTTCAACTGCGGAGACGGCCTCACCTACAATGACTTTCTCATTCT
CCCTGGGTACATCGACTTCACTGCAGACCAGGTGGACCTGACTTCTGCTCTGACCAA
GAAAATCACTCTTAAGACCCCACTGGTTTCCTCTCCCATGGACACAGTCACAGAGGC
TGGGATGGCCATAGCAATGGCGCTTACAGGCGGTATTGGCTTCATCCACCACAACTG
TACACCTGAATTCCAGGCCAATGAAGTTCGGAAAGTGAAGAAATATGAACAGGGAT
TCATCACAGACCCTGTGGTCCTCAGCCCCAAGGATCGCGTGCGGGATGTTTTTGAGG
CCAAGGCCCGGCATGGTTTCTGCGGTATCCCAATCACAGACACAGGCCGGATGGGG
AGCCGCTTGGTGGGCATCATCTCCTCCAGGGACATTGATTTTCTCAAAGAGGAGGAA
CATGACTGTTTCTTGGAAGAGATAATGACAAAGAGGGAAGACTTGGTGGTAGCCCC
TGCAGGCATCACACTGAAGGAGGCAAATGAAATTCTGCAGCGCAGCAAGAAGGGA
AAGTTGCCCATTGTAAATGAAGATGATGAGCTTGTGGCCATCATTGCCCGGACAGAC
CTGAAGAAGAATCGGGACTACCCACTAGCCTCCAAAGATGCCAAGAAACAGCTGCT
GTGTGGGGCAGCCATTGGCACTCATGAGGATGACAAGTATAGGCTGGACTTGCTCG
CCCAGGCTGGTGTGGATGTAGTGGTTTTGGACTCTTCCCAGGGAAATTCCATCTTCC
AGATCAATATGATCAAGTACATCAAAGACAAATACCCTAATCTCCAAGTCATTGGA
GGCAATGTGGTCACTGCTGCCCAGGCCAAGAACCTCATTGATGCAGGTGTGGATGCC
CTGCGGGTGGGCATGGGAAGTGGCTCCATCTGCATTATCCAGGAAGTGCTGGCCTGT
GGGCGGCCCCAAGCAACAGCAGTGTACAAGGTGTACGAGTATGCACGGCGCTTTGG
TGTTCCGGTCATTGCTGATGGAGGAATCCAAAATGTGGGTCATATTGCGAAAGCCTT
GGCCCTTGGGGCCTCCACAGTCATGATGGGCTCTCTCCTGGCTGCCACCACTGAGGC
CCCTGGTGAATACTTCTTTTCCGATGGGATCCGGCTAAAGAAATATCGCGGTATGGG
TTCTCTCGATGCCATGGACAAGCACCTCAGCAGCCAGAACAGATATTTCAGTGAAGC
TGACAAAATCAAAGTGGCCCAGGGAGTGTCTGGTGCTGTGCAGGACAAAGGGTCAA
TCCACAAATTTGTCCCTTACCTGATTGCTGGCATCCAACACTCATGCCAGGACATTG
GTGCCAAGAGCTTGACCCAAGTCCGAGCCATGATGTACTCTGGGGAGCTTAAGTTTG
AGAAGAGAACGTCCTCAGCCCAGGTGGAAGGTGGCGTCCATAGCCTCCATTCGTAT
GAGAAGCGGCTTTTCTGA

M-IMPDH2R; T333I, S351Y codon optimized CDS (SEQ ID NO: 4):
ATGGCCGATTACCTGATCTCCGGCGGCACCTCTTATGTGCCCGACGATGGCCTGACA

GCCCAGCAGCTGTTTAACTGTGGCGACGGCCTGACCTACAATGATTTCCTGATCCTG
CCTGGCTATATCGACTTTACAGCCGACCAGGTGGATCTGACCAGCGCCCTGACARAG
AAGATCACCCTGAAGACACCACTGGTGAGCTCCCCTATGGACACCGTGACAGAGGC
CGGCATGGCCATCGCTATGGCCCTGACCGGCGGCATCGGCTTCATCCACCACAACTG
CACACCAGAGTTTCAGGCCAATGAGGTGAGAAAGGTGAAGAAGTACGAGCAGGGCT

TCATCACCGACCCTGTGGTGCTGAGCCCAAAGGACAGGGTGCGCGACGTGTTCGAG
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-continued
GCCAAGGCCAGGCACGGCTTTTGCGGCATCCCCATCACCGATACAGGCCGGATGEE

CTCCAGACTGGTGGGCATCATCTCTAGCAGGGACATCGATTTCCTGAAGGAGGAGG
AGCACGACTGTTTTCTGGAGGAGATCATGACCAAGAGGGAGGATCTGGTGGTGGCA
CCTGCAGGCATCACACTGAAGGAGGCCAACGAGATCCTGCAGCGGTCTAAGAAGGG
CAAGCTGCCAATCGTGAATGAGGACGATGAGCTGGTGGCCATCATCGCCCGGACCG
ACCTGAAGAAGAACAGAGATTACCCTCTGGCCAGCAAGGACGCCAAGAAGCAGCTG
CTGTGCGGAGCAGCAATCGGCACACACGAGGACGATAAGTATCGGCTGGATCTGCT
GGCCCAGGCAGGAGTGGACGTGGTGGTGCTGGATTCCTCTCAGGGCAACAGCATCT
TCCAGATCAATATGATCAAGTACATCAAGGACAAGTATCCAAACCTGCAGGTCATC
GGAGGAAATGTGGTGACCGCAGCACAGGCCAAGAACCTGATCGACGCAGGAGTGG
ATGCACTGAGGGTGGGCATGGGCTCCGGCTCTATCTGCATCATCCAGGAGGTGCTGG
CCTGTGGCAGACCACAGGCAACCGCCGTGTATAAGGTGTACGAGTATGCCCGGAGA
TTTGGCGTGCCCGTGATCGCAGACGGAGGCATCCAGAATGTGGGACACATCGCAAA
GGCCCTGGCCCTGGGCGCCTCTACAGTGATGATGGGCAGCCTGCTGGCCGCAACCA
CAGAGGCACCAGGCGAGTACTTCTTTTCCGATGGCATCAGGCTGAAGAAGTATCGC
GGCATGGGCTCTCTGGACGCTATGGACAAGCACCTGAGCTCCCAGAATCGCTACTTC
TCCGAGGCCGACAAGATCAAGGTGGCACAGGGCGTGAGCGGAGCAGTGCAGGATA
AGGGCTCCATCCACAAGTTTGTGCCTTACCTGATCGCCGGCATCCAGCACTCTTGTC
AGGACATCGGAGCAAAGAGCCTGACCCAGGTGAGGGCCATGATGTATAGCGGCGAG
CTGAAGTTCGAGAAGCGCACATCTAGCGCCCAGGTGGAGGGAGGAGTGCACTCTCT
GCACAGCTACGAGAAGCGGCTGTTTTGA

Mutant CnB amino acid sequence (SEQ ID NO: 5):
MGNEASYPLEMCSHFDADEIKRLGKRFKKLDLDNSGSLSVEEFMSLPELQONPLVQRVIDIFDTD

GNGEVDFKEFIEGVSQFSVKGDKEQKLRFAFRIYDMDKDGY ISNGELFQVLKMMVGNNTKLAD
TQLQQIVDKTIINADKDGDGRISFEEFCAVVGGLDIHKKMVVDV

Mutant IMPDH amino acid sequence (SEQ ID NO: 6) :
MADYLISGGTSYVPDDGLTAQQLFNCGDGLTYNDFLILPGYIDFTADQVDLTSALTKKITLKTPL

VSSPMDTVTEAGMAIAMALTGGIGF IHHNCTPEFQANEVRKVKKYEQGF ITDPVVLSPKDRVRD
VFEAKARHGFCGIPITDTGRMGSRLVGIISSRDIDFLKEEEHDCFLEEIMTKREDLVVAPAGITL
KEANEILQRSKKGKLPIVNEDDELVAIIARTDLKKNRDYPLASKDAKKQLLCGAAIGTHEDDKYR
LDLLAQAGVDVVVLDSSQGNSIFQINMIKYIKDKYPNLQVIGGNVVTAAQAKNLIDAGVDALRVG
MGSGSICIIQEVLACGRPQATAVYKVYEYARRFGVPVIADGGIQNVGHIAKALALGAS TVMMGS
LLAATTEAPGEYFFSDGIRLKKYRGMGSLDAMDKHLSSQNRYFSEADKIKVAQGVSGAVQDKG

SIHKFVPYLIAGIQHSCQDIGAKSLTQVRAMMYSGELKFEKRTSSAQVEGGVHSLHSYEKRLF
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SEQUENCE LISTING

<160> NUMBER OF SEQ ID NOS: 70

<210> SEQ ID NO 1

<211> LENGTH: 519

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence
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-continued

<220> FEATURE:
<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 1

atgggcaacg aggccagcta ccctctggag atgtgctecee acttcgacge cgacgagatce 60
aagcggetgg gcaagegett caagaagetg gacctggaca acagcggcag cctgagegtg 120
gaggagttta tgtctctgee cgagetgcag cagaacccce tggtgcageg cgtgatcgac 180
atcttcgaca ccgacggcaa cggcgaggtg gacttcaagyg agttcatcga gggegtgage 240
cagttcageg tgaagggcga caaggagcag aagctgeggt tegecttecyg gatctacgat 300
atggataaag atggctatat ttctaatgge gagcetgttece aggtgctgaa gatgatggtg 360
ggcaacaata ccaagctgge cgatacccag ctgcagcaga tcgtggacaa gaccatcatce 420
aacgccgaca aggacggcga cggcagaatce agettcegagg agttetgtge cgtggtggga 480
ggcctggata ttcacaaaaa aatggtggtg gacgtgtga 519

<210> SEQ ID NO 2

<211> LENGTH: 519

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 2

atggggaatg aggcatccta tccactggaa atgtgcagec acttcgacge cgacgaaatce 60
aaaagactgg ggaaaaggtt caaaaagctg gacctggata acagcggcetce cctgtetgtg 120
gaggagttca tgtccctgee cgagetgcag cagaacccte tggtgcagag agtgatcgac 180
atctttgaca ccgatggcaa tggcgaggtg gatttcaagg agtttatcga gggegtgage 240
cagttctceeg tgaagggcga caaggagcag aagctgeggt tegectttag aatctacgac 300
atggataagg acggctatat ctctaacgge gagetgttte aggtgctgaa gatgatggtg 360
ggcaacaata ccaagctgge cgacacacag ctgcagcaga tcgtggataa gacaatcatce 420
aatgccgata aggacggcga tggccggatce agettcegagyg agttetgtge cgtggtegga 480
gggctggata ttcataaaaa gatggtcgtc gatgtctga 519

<210> SEQ ID NO 3

<211> LENGTH: 1545

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polynucleotide

<400> SEQUENCE: 3

atggccgact acctgattag tgggggcacyg tcctacgtge cagacgacgg actcacagca 60
cagcagctet tcaactgegg agacggecte acctacaatg actttetcat tcetceecetggg 120
tacatcgact tcactgcaga ccaggtggac ctgacttetg ctctgaccaa gaaaatcact 180
cttaagacce cactggttte cteteccatg gacacagteca cagaggetgg gatggcecata 240
gcaatggege ttacaggcegg tattggette atccaccaca actgtacacce tgaattccag 300

gccaatgaag ttcggaaagt gaagaaatat gaacagggat tcatcacaga ccetgtggte 360
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-continued
ctcagcccca aggatcgegt gegggatgtt tttgaggcca aggcccggca tggtttetge 420
ggtatcccaa tcacagacac aggccggatg gggagccget tggtgggecat catctectcec 480
agggacattg attttctcaa agaggaggaa catgactgtt tcttggaaga gataatgaca 540
aagagggaag acttggtggt agcccctgca ggcatcacac tgaaggaggc aaatgaaatt 600
ctgcagcgca gcaagaaggg aaagttgccc attgtaaatg aagatgatga gecttgtggec 660
atcattgccc ggacagacct gaagaagaat cgggactacc cactagcctc caaagatgcc 720
aagaaacagc tgctgtgtgg ggcagccatt ggcactcatg aggatgacaa gtataggcetg 780
gacttgcteg cccaggetgg tgtggatgta gtggttttgg actcttcecca gggaaattcec 840
atcttccaga tcaatatgat caagtacatc aaagacaaat accctaatct ccaagtcatt 900
ggaggcaatg tggtcactgc tgcccaggcec aagaacctca ttgatgcagg tgtggatgec 960

ctgcgggtgg gcatgggaag tggctceccatce tgcattatcce aggaagtgct ggcctgtggg 1020
cggccccaag caacagcagt gtacaaggtg tacgagtatg cacggcgctt tggtgttecg 1080
gtcattgctyg atggaggaat ccaaaatgtg ggtcatattg cgaaagcctt ggceccttggg 1140
gcctecacag tcatgatggg ctectcectectg getgccacca ctgaggcccce tggtgaatac 1200
ttectttteeg atgggatccyg gctaaagaaa tatcgcggta tgggttctet cgatgccatg 1260
gacaagcacc tcagcagcca gaacagatat ttcagtgaag ctgacaaaat caaagtggec 1320
cagggagtgt ctggtgctgt gcaggacaaa gggtcaatcc acaaatttgt cccttacctg 1380
attgctggca tccaacactc atgccaggac attggtgcca agagcttgac ccaagtccga 1440
gccatgatgt actctgggga gcttaagttt gagaagagaa cgtcctcagce ccaggtggaa 1500
ggtggcgtec atagectcca ttegtatgag aagcggcttt tetga 1545
<210> SEQ ID NO 4

<211> LENGTH: 1545

<212> TYPE: DNA

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic

polynucleotide

<400> SEQUENCE: 4

atggccgatt acctgatcte cggeggeace tcttatgtge cegacgatgg cctgacagece 60
cagcagctgt ttaactgtgg cgacggectg acctacaatg atttcetgat cctgectgge 120
tatatcgact ttacagccga ccaggtggat ctgaccageg cectgacaaa gaagatcacce 180
ctgaagacac cactggtgag ctccectatg gacaccgtga cagaggeegg catggecate 240
getatggece tgaccggegg catceggette atccaccaca actgcacacce agagtttcag 300
gccaatgagg tgagaaaggt gaagaagtac gagcagggct tcatcaccga ccetgtggtg 360
ctgagcccaa aggacagggt gegegacgtg ttegaggeca aggecaggca cggettttge 420
ggcatccecca tcaccgatac aggccggatg ggctccagac tggtgggeat catctcetage 480
agggacatcg atttecctgaa ggaggaggag cacgactgtt ttctggagga gatcatgacce 540
aagagggagyg atctggtggt ggcacctgca ggcatcacac tgaaggagge caacgagatce 600
ctgcageggt ctaagaaggg caagctgeca ategtgaatg aggacgatga getggtggece 660
atcatcgece ggaccgacct gaagaagaac agagattacce ctctggecag caaggacgcec 720

aagaagcagce tgctgtgegg agcagcaatce ggcacacacg aggacgataa gtatcggetg 780
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-continued
gatctgctgg cccaggcagg agtggacgtg gtggtgctgg attcctctca gggcaacagce 840
atcttccaga tcaatatgat caagtacatc aaggacaagt atccaaacct gcaggtcatc 900
ggaggaaatg tggtgaccgc agcacaggcc aagaacctga tcgacgcagg agtggatgca 960

ctgagggtgg gcatgggctce cggctctatce tgcatcatcce aggaggtgct ggcctgtggce 1020

agaccacagg caaccgccegt gtataaggtg tacgagtatg cccggagatt tggecgtgecce 1080

gtgatcgcag acggaggcat ccagaatgtg ggacacatcg caaaggccct ggecctggge 1140

gectcectacag tgatgatggg cagectgetg gecgcaacca cagaggcacce aggcgagtac 1200

ttectttteecg atggcatcag gectgaagaag tatcgcggca tgggctctet ggacgctatg 1260

gacaagcacce tgagctccca gaatcgctac ttctceegagg ccgacaagat caaggtggea 1320

cagggcgtga gcggagcagt gcaggataag ggctccatcce acaagtttgt gecttacctg 1380

atcgecggea tccagcacte ttgtcaggac atcggagcaa agagectgac ccaggtgagg 1440

gccatgatgt atagcggcga gctgaagttc gagaagcgca catctagegce ccaggtggag 1500

ggaggagtgc actctctgca cagctacgag aagcggctgt tttga 1545

<210> SEQ ID NO 5

<211> LENGTH: 172

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence

<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 5

Met Gly Asn Glu Ala Ser Tyr Pro Leu Glu Met Cys Ser His Phe Asp
1 5 10 15

Ala Asp Glu Ile Lys Arg Leu Gly Lys Arg Phe Lys Lys Leu Asp Leu
20 25 30

Asp Asn Ser Gly Ser Leu Ser Val Glu Glu Phe Met Ser Leu Pro Glu
35 40 45

Leu Gln Gln Asn Pro Leu Val Gln Arg Val Ile Asp Ile Phe Asp Thr
50 55 60

Asp Gly Asn Gly Glu Val Asp Phe Lys Glu Phe Ile Glu Gly Val Ser
65 70 75 80

Gln Phe Ser Val Lys Gly Asp Lys Glu Gln Lys Leu Arg Phe Ala Phe
85 90 95

Arg Ile Tyr Asp Met Asp Lys Asp Gly Tyr Ile Ser Asn Gly Glu Leu
100 105 110

Phe Gln Val Leu Lys Met Met Val Gly Asn Asn Thr Lys Leu Ala Asp
115 120 125

Thr Gln Leu Gln Gln Ile Val Asp Lys Thr Ile Ile Asn Ala Asp Lys
130 135 140

Asp Gly Asp Gly Arg Ile Ser Phe Glu Glu Phe Cys Ala Val Val Gly
145 150 155 160

Gly Leu Asp Ile His Lys Lys Met Val Val Asp Val
165 170

<210> SEQ ID NO 6

<211> LENGTH: 514

<212> TYPE: PRT

<213> ORGANISM: Artificial Sequence
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Artificial Sequence: Synthetic
polypeptide

<400> SEQUENCE: 6

Met Ala Asp Tyr Leu Ile Ser Gly Gly Thr Ser Tyr Val Pro Asp Asp
1 5 10 15

Gly Leu Thr Ala Gln Gln Leu Phe Asn Cys Gly Asp Gly Leu Thr Tyr
Asn Asp Phe Leu Ile Leu Pro Gly Tyr Ile Asp Phe Thr Ala Asp Gln
35 40 45

Val Asp Leu Thr Ser Ala Leu Thr Lys Lys Ile Thr Leu Lys Thr Pro
50 55 60

Leu Val Ser Ser Pro Met Asp Thr Val Thr Glu Ala Gly Met Ala Ile
65 70 75 80

Ala Met Ala Leu Thr Gly Gly Ile Gly Phe Ile His His Asn Cys Thr
85 90 95

Pro Glu Phe Gln Ala Asn Glu Val Arg Lys Val Lys Lys Tyr Glu Gln
100 105 110

Gly Phe Ile Thr Asp Pro Val Val Leu Ser Pro Lys Asp Arg Val Arg
115 120 125

Asp Val Phe Glu Ala Lys Ala Arg His Gly Phe Cys Gly Ile Pro Ile
130 135 140

Thr Asp Thr Gly Arg Met Gly Ser Arg Leu Val Gly Ile Ile Ser Ser
145 150 155 160

Arg Asp Ile Asp Phe Leu Lys Glu Glu Glu His Asp Cys Phe Leu Glu
165 170 175

Glu Ile Met Thr Lys Arg Glu Asp Leu Val Val Ala Pro Ala Gly Ile
180 185 190

Thr Leu Lys Glu Ala Asn Glu Ile Leu Gln Arg Ser Lys Lys Gly Lys
195 200 205

Leu Pro Ile Val Asn Glu Asp Asp Glu Leu Val Ala Ile Ile Ala Arg
210 215 220

Thr Asp Leu Lys Lys Asn Arg Asp Tyr Pro Leu Ala Ser Lys Asp Ala
225 230 235 240

Lys Lys Gln Leu Leu Cys Gly Ala Ala Ile Gly Thr His Glu Asp Asp
245 250 255

Lys Tyr Arg Leu Asp Leu Leu Ala Gln Ala Gly Val Asp Val Val Val
260 265 270

Leu Asp Ser Ser Gln Gly Asn Ser Ile Phe Gln Ile Asn Met Ile Lys
275 280 285

Tyr Ile Lys Asp Lys Tyr Pro Asn Leu Gln Val Ile Gly Gly Asn Val
290 295 300

Val Thr Ala Ala Gln Ala Lys Asn Leu Ile Asp Ala Gly Val Asp Ala
305 310 315 320

Leu Arg Val Gly Met Gly Ser Gly Ser Ile Cys Ile Ile Gln Glu Val
325 330 335

Leu Ala Cys Gly Arg Pro Gln Ala Thr Ala Val Tyr Lys Val Tyr Glu
340 345 350

Tyr Ala Arg Arg Phe Gly Val Pro Val Ile Ala Asp Gly Gly Ile Gln
355 360 365

Asn Val Gly His Ile Ala Lys Ala Leu Ala Leu Gly Ala Ser Thr Val
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370 375 380

Met Met Gly Ser Leu Leu Ala Ala Thr Thr Glu Ala Pro Gly Glu Tyr
385 390 395 400

Phe Phe Ser Asp Gly Ile Arg Leu Lys Lys Tyr Arg Gly Met Gly Ser
405 410 415

Leu Asp Ala Met Asp Lys His Leu Ser Ser Gln Asn Arg Tyr Phe Ser
420 425 430

Glu Ala Asp Lys Ile Lys Val Ala Gln Gly Val Ser Gly Ala Val Gln
435 440 445

Asp Lys Gly Ser Ile His Lys Phe Val Pro Tyr Leu Ile Ala Gly Ile
450 455 460

Gln His Ser Cys Gln Asp Ile Gly Ala Lys Ser Leu Thr Gln Val Arg
465 470 475 480

Ala Met Met Tyr Ser Gly Glu Leu Lys Phe Glu Lys Arg Thr Ser Ser
485 490 495

Ala Gln Val Glu Gly Gly Val His Ser Leu His Ser Tyr Glu Lys Arg
500 505 510

Leu Phe

<210> SEQ ID NO 7
<400> SEQUENCE: 7

000

<210> SEQ ID NO 8
<400> SEQUENCE: 8

000

<210> SEQ ID NO 9
<400> SEQUENCE: 9

000

<210> SEQ ID NO 10
<400> SEQUENCE: 10

000

<210> SEQ ID NO 11
<400> SEQUENCE: 11

000

<210> SEQ ID NO 12
<400> SEQUENCE: 12

000

<210> SEQ ID NO 13
<400> SEQUENCE: 13

000
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<210> SEQ ID NO 14

<400> SEQUENCE: 14

000

<210> SEQ ID NO 15

<400> SEQUENCE: 15

000

<210> SEQ ID NO 16

<400> SEQUENCE: 16

000

<210> SEQ ID NO 17

<400> SEQUENCE: 17

000

<210> SEQ ID NO 18

<400> SEQUENCE: 18

000

<210> SEQ ID NO 19

<400> SEQUENCE: 19

000

<210> SEQ ID NO 20

<400> SEQUENCE: 20

000

<210> SEQ ID NO 21

<400> SEQUENCE: 21

000

<210> SEQ ID NO 22

<400> SEQUENCE: 22

000

<210> SEQ ID NO 23

<400> SEQUENCE: 23

000

<210> SEQ ID NO 24

<400> SEQUENCE: 24
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-continued

000

<210> SEQ ID NO 25

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus
<400> SEQUENCE: 25

Phe Leu Pro Ser Asp Phe Phe Pro Ser Val
1 5 10
<210> SEQ ID NO 26

<400> SEQUENCE: 26

000

<210> SEQ ID NO 27
<400> SEQUENCE: 27

000

<210> SEQ ID NO 28
<400> SEQUENCE: 28

000

<210> SEQ ID NO 29
<400> SEQUENCE: 29

000

<210> SEQ ID NO 30
<400> SEQUENCE: 30

000

<210> SEQ ID NO 31
<400> SEQUENCE: 31

000

<210> SEQ ID NO 32
<400> SEQUENCE: 32

000

<210> SEQ ID NO 33
<400> SEQUENCE: 33

000

<210> SEQ ID NO 34
<400> SEQUENCE: 34

000
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-continued

<210> SEQ ID NO 35

<400> SEQUENCE: 35

000

<210> SEQ ID NO 36

<400> SEQUENCE: 36

000

<210> SEQ ID NO 37

<400> SEQUENCE: 37

000

<210> SEQ ID NO 38

<400> SEQUENCE: 38

000

<210> SEQ ID NO 39

<400> SEQUENCE: 39

000

<210> SEQ ID NO 40

<400> SEQUENCE: 40

000

<210> SEQ ID NO 41

<400> SEQUENCE: 41

000

<210> SEQ ID NO 42

<400> SEQUENCE: 42

000

<210> SEQ ID NO 43

<400> SEQUENCE: 43

000

<210> SEQ ID NO 44

<400> SEQUENCE: 44

000

<210> SEQ ID NO 45

<400> SEQUENCE: 45

000
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-continued
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<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<400>

000

<210>

<211>

<212>
<213>

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO

SEQUENCE :

SEQ ID NO
LENGTH: 10
TYPE: PRT

ORGANISM: Hepatitis B virus

46

46

47

47

48

48

49

49

50

50

51

51

52

52

53

53

54

54

55

55

56
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<400> SEQUENCE:
Ser Ile Val Ser
1

<210> SEQ ID NO
<400> SEQUENCE:

000

<210> SEQ ID NO
<400> SEQUENCE:
000

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:
<400> SEQUENCE:
Lys Glu Val Asn

1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Ala Thr Val Gln

1

<210> SEQ ID NO
<211> LENGTH: 9
<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:
Asn Leu Val Pro

1

<210> SEQ ID NO

<211> LENGTH: 10

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Ala Val Phe Asp
1

<210> SEQ ID NO

<211> LENGTH: 10

<212> TYPE: PRT
<213> ORGANISM:

<400> SEQUENCE:

Phe Leu Gly Pro
1

56

Pro Phe Ile Pro Leu Leu
5 10

57

57

58

58

59

Human betaherpesvirus 5
59

Ser Gln Leu Ser Leu

5

60

Human betaherpesvirus 5
60

Gly Gln Asn Leu Lys
5

61

Human betaherpesvirus 5
61

Met Val Ala Thr Val

5

62

Human gammaherpesvirus 4
62

Arg Lys Ser Asp Ala Lys
5 10

63

Hepatitis B virus
63

Leu Leu Val Leu Gln Ala
5 10
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<210> SEQ ID NO 64

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Hepatitis B virus

<400> SEQUENCE: 64

Phe Leu Leu Thr Arg Ile Leu Thr Ile
1 5

<210> SEQ ID NO 65

<211> LENGTH: 10

<212> TYPE: PRT

<213> ORGANISM: Severe acute respiratory syndrome-related coronavirus

<400> SEQUENCE: 65

Gly Glu Thr Ala Leu Ala Leu Leu Leu Leu
1 5 10

<210> SEQ ID NO 66

<211> LENGTH: 9

<212> TYPE: PRT

<213> ORGANISM: Influenza virus

<400> SEQUENCE: 66

Gly Ile Leu Gly Phe Val Phe Thr Leu
1 5

<210> SEQ ID NO 67

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
FKBP1A siRNA sequence

<400> SEQUENCE: 67

gagccaaacu gacuauauc 19

<210> SEQ ID NO 68

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
FKBP1A siRNA sequence

<400> SEQUENCE: 68

gacagaaaca agcccuuua 19

<210> SEQ ID NO 69

<211> LENGTH: 19

<212> TYPE: RNA

<213> ORGANISM: Unknown

<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
FKBP1A siRNA sequence

<400> SEQUENCE: 69

aaacuggaau gacaggaau 19
<210> SEQ ID NO 70

<211> LENGTH: 19

<212> TYPE: RNA
<213> ORGANISM: Unknown
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<220> FEATURE:

<223> OTHER INFORMATION: Description of Unknown:
FKBP1A siRNA sequence

<400> SEQUENCE: 70

gaaauuugau uccucccgg

19

1. A modified T cell comprising an exogenous inhibitor of
an immunosuppressant and an exogenous T-cell receptor
(TCR).

2. The modified T cell of claim 1, comprising mRNA
encoding the exogenous inhibitor of an immunosuppressant
and mRNA encoding the exogenous T-cell receptor (TCR).

3. The modified T cell of claim 1, wherein the immuno-
suppressant is selected from Tacrolimus, Mycophenolate
mofetil (MMF), or a combination thereof.

4. The modified T cell of claim 1, wherein the exogenous
inhibitor is a mutant calcineurin (CN) subunit B (CnB)
protein or a mutant inosine 5'-monophosphate dehydroge-
nase (IMPDH) protein.

5. (canceled)

6. The modified T cell of claim 4, wherein the mutant CnB
comprises the amino acid sequence of SEQ ID NO:5 or an
amino acid sequence having at least 90% sequence identity
to SEQ ID NO:5; or

wherein the mutant IMPDH protein comprises the amino

acid sequence of SEQ ID NO:6, or an amino acid
sequence having at least 90% sequence identity to SEQ
1D NO:6.

7. (canceled)

8. (canceled)

9. The modified T cell of claim 1, wherein the TCR
specifically binds to a viral antigen selected from a hepatitis
B virus (HBV) antigen, a CMV antigen, an EBV antigen,
and influenza antigen, or a SARS antigen; or

wherein the TCR specifically binds to a viral antigen in

Table 1.

10. (canceled)

11. (canceled)

12. The modified T cell of claim 1, wherein the T cell is
isolated from a subject.

13. The modified T cell of claim 12, wherein the subject
has a liver disease, has received an organ transplant or a stem
cell transplant and is administered an immunosuppressant,
has a viral infection or a tumor, and/or is immunocompro-
mised.

14-16. (canceled)

17. A method for producing a modified T cell, comprising
introducing an mRNA encoding an exogenous inhibitor of
an immunosuppressant and an mRNA encoding an exog-
enous TCR into the T cell.

18. The method of claim 17, wherein the exogenous
inhibitor is a mutant calcineurin (CN) subunit B (CnB)
protein or a mutant IMIPDH protein.

19. The method of claim 18, wherein the mutant CnB
comprises the amino acid sequence of SEQ ID NO:5 or an
amino acid sequence having at least 90% sequence identity
to SEQ ID NO:5; or

wherein the mutant IMPDH protein comprises the amino
acid sequence of SEQ ID NO:6, or an amino acid
sequence having at least 90% sequence identity to SEQ
1D NO:6.

20. (canceled)

21. (canceled)

22. A method of treating a liver disease in a subject who
has been administered an immunosuppressant, comprising
introducing the T cell of claim 1 into the subject.

23-25. (canceled)

26. The method of claim 22, wherein the subject has a
viral infection or has previously received an organ transplant
or a stem cell transplant.

27. (canceled)

28. (canceled)

29. The method of claim 22, wherein the T cell is an
autologous T cell.

30. The method of claim 22, wherein the immunosup-
pressant is Tacrolimus, Mycophenolate mofetil (MMF), or a
combination thereof.

31. A method of treating liver disease in a subject in need
thereof, comprising introducing mRNA into a T cell isolated
from the subject, wherein the mRNA encodes a mutant CnB
protein, a mutant IMPDH protein, or both, and mRNA
encoding an exogenous T-cell receptor, and reintroducing
the T cell into the subject, wherein the subject is adminis-
tered an immunosuppressant.

32. (canceled)

33. (canceled)

34. The method of claim 31, wherein the subject has
previously received a liver transplant.

35. The method of claim 31, wherein the immunosup-
pressant is selected from Tacrolimus, Mycophenolate
mofetil (MMF), or a combination thereof.

36. The method of claim 31, wherein the exogenous T-cell
receptor specifically binds to a viral antigen selected from a
hepatitis B virus (HBV) antigen, a CMV antigen, or an EBV
antigen; or

wherein the exogenous T-cell receptor specifically binds

to an antigen in Table 1.

37. (canceled)

38. (canceled)

39. The method of claim 31, wherein the mutant CnB
comprises the amino acid sequence of SEQ ID NO:5 or an
amino acid sequence having at least 90% sequence identity
to SEQ ID NO:5; or

wherein the mutant IMPDH protein comprises the amino

acid sequence of SEQ ID NO:6, or an amino acid
sequence having at least 90% sequence identity to SEQ
1D NO:6.

40. (canceled)



