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COMPOSITIONS AND METHODS FOR
TCR REPROGRAMMING USING FUSION PROTEINS

CROSS-REFERENCE
[0001] This application claims the benefit of U.S. Provisional Application No. 62/163,342, filed

May 18, 2015, which is incorporated herein by reference in its entirety.

BACKGROUND OF THE INVENTION
[0002] Most patients with hematological malignancies or with late-stage solid tumors are
incurable with standard therapy. In addition, traditional treatment options often have serious side
effects. Numerous attempts have been made to engage a patient’s immune system for rejecting
cancerous cells, an approach collectively referred to as cancer immunotherapy. However,
several obstacles make it rather difficult to achieve clinical effectiveness. Although hundreds of
so-called tumor antigens have been identified, these are often derived from self and thus can
direct the cancer immunotherapy against healthy tissue, or are poorly immunogenic.
Furthermore, cancer cells use multiple mechanisms to render themselves invisible or hostile to
the initiation and propagation of an immune attack by cancer immunotherapies.
[0003] Recent developments using chimeric antigen receptor (CAR) modified autologous T-cell
therapy, which relies on redirecting genetically engineered T-cells to a suitable cell-surface
molecule on cancer cells, show promising results in harnessing the power of the immune system
to treat B cell malignancies (see, e.g., Sadelain et al., Cancer Discovery 3:388-398 (2013)). The
clinical results with CD19-specific CAR T-cells (called CTLO19) have shown complete
remissions in patients suffering from chronic lymphocytic leukemia (CLL) as well as in
childhood acute lymphoblastic leukemia (ALL) (see, e.g., Kalos et al., Sci Transl Med 3:95ra73
(2011), Porter et al., NEJM 365:725-733 (2011), Grupp et al., NEJM 368:1509-1518 (2013)).
An alternative approach is the use of T-cell receptor (TCR) alpha and beta chains selected for a
tumor-associated peptide antigen for genetically engineering autologous T-cells. These TCR
chains will form complete TCR complexes and provide the T-cells with a TCR for a second
defined specificity. Encouraging results were obtained with engineered autologous T-cells
expressing NY-ESO-1-specific TCR alpha and beta chains in patients with synovial carcinoma.
[0004] Besides the ability for genetically modified T-cells expressing a CAR or a second TCR
to recognize and destroy respective target cells in vitro/ex vivo, successful patient therapy with
engineered T-cells requires the T-cells to be capable of strong activation, expansion, persistence
over time, and, in case of relapsing disease, to enable a ‘memory’ response. High and
manageable clinical efficacy of CAR T-cells is currently limited to CD19-positive B cell

malignancies and to NY-ESO-1-peptide expressing synovial sarcoma patients expressing HLA-
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A2. There is a clear need to improve genetically engineered T-cells to more broadly act against
various human malignancies. Described herein are novel fusion proteins of TCR subunits,
including CD3 epsilon, CD3gamma and CD3 delta, and of TCR alpha and TCR beta chains with
binding domains specific for cell surface antigens that have the potential to overcome limitations
of existing approaches. Described herein are novel fusion proteins that more efficiently kill
target cells than CARs, but release comparable or lower levels of pro-inflammatory cytokines.
These fusion proteins and methods of their use represent an advantage for TFPs relative to
CARs because elevated levels of these cytokines have been associated with dose-limiting

toxicities for adoptive CAR-T therapies.

SUMMARY OF THE INVENTION
[0005] Provided herein are T-cell receptor (TCR) fusion proteins (TFPs), T-cells engineered to
express one or more TFPs, and methods of use thereof for the treatment of diseases.
[0006] In one aspect, provided herein is an isolated recombinant nucleic acid molecule encoding
a T-cell receptor (TCR) fusion protein (TFP) comprising a TCR subunit comprising at least a
portion of a TCR extracellular domain, and a TCR intracellular domain comprising a stimulatory
domain from an intracellular signaling domain of CD3 epsilon; and a human or humanized
antibody domain comprising an antigen binding domain wherein the TCR subunit and the
antibody domain are operatively linked, and wherein the TFP incorporates into a TCR when
expressed in a T-cell.
[0007] In one aspect, provided herein is an isolated recombinant nucleic acid molecule encoding
a T-cell receptor (TCR) fusion protein (TFP) comprising a TCR subunit comprising at least a
portion of a TCR extracellular domain, and a TCR intracellular domain comprising a stimulatory
domain from an intracellular signaling domain of CD3 gamma, and a human or humanized
antibody domain comprising an antigen binding domain wherein the TCR subunit and the
antibody domain are operatively linked, and wherein the TFP incorporates into a TCR when
expressed in a T-cell.
[0008] In one aspect, provided herein is an isolated recombinant nucleic acid molecule encoding
a T-cell receptor (TCR) fusion protein (TFP) comprising a TCR subunit comprising at least a
portion of a TCR extracellular domain, and a TCR intracellular domain comprising a stimulatory
domain from an intracellular signaling domain of CD3 delta; and a human or humanized
antibody domain comprising an antigen binding domainwherein the TCR subunit and the
antibody domain are operatively linked, and wherein the TFP incorporates into a TCR when

expressed in a T-cell.
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[0009] In one aspect, provided herein is an isolated recombinant nucleic acid molecule encoding
a T-cell receptor (TCR) fusion protein (TFP) comprising a TCR subunit comprising at least a
portion of a TCR extracellular domain, and a TCR intracellular domain comprising a stimulatory
domain from an intracellular signaling domain of TCR alpha; and a human or humanized
antibody domain comprising an antigen binding domain wherein the TCR subunit and the
antibody domain are operatively linked, and wherein the TFP incorporates into a TCR when
expressed in a T-cell.

[0010] In one aspect, provided herein is an isolated recombinant nucleic acid molecule encoding
a T-cell receptor (TCR) fusion protein (TFP) comprising a TCR subunit comprising at least a
portion of a TCR extracellular domain, and a TCR intracellular domain comprising a stimulatory
domain from an intracellular signaling domain of TCR beta; and a human or humanized
antibody domain comprising an antigen binding domain wherein the TCR subunit and the
antibody domain are operatively linked, and wherein the TFP incorporates into a TCR when
expressed in a T-cell.

[0011] In one aspect, provided herein is an isolated recombinant nucleic acid molecule encoding
a T-cell receptor (TCR) fusion protein (TFP) comprising a TCR subunit and a human or
humanized antibody domain comprising an antigen binding domain that is an anti-CD19 binding
domain.

[0012] In one aspect, provided herein is an isolated recombinant nucleic acid molecule encoding
a T-cell receptor (TCR) fusion protein (TFP) comprising a TCR subunit and a human or
humanized antibody domain comprising an antigen binding domain that is an anti-B-cell
maturation antigen (BCMA) binding domain.

[0013] In some instances, the TCR subunit and the antibody domain are operatively linked. In
some instances, the TFP incorporates into a TCR when expressed in a T-cell. In some instances,
the encoded antigen binding domain is connected to the TCR extracellular domain by a linker
sequence. In some instances, the encoded linker sequence comprises (G4S),, wherein n=1 to 4.
In some instances, the TCR subunit comprises a TCR extracellular domain. In some instances,
the TCR subunit comprises a TCR transmembrane domain. In some instances, the TCR subunit
comprises a TCR intracellular domain. In some instances, the TCR subunit comprises (1) a TCR
extracellular domain, (ii) a TCR transmembrane domain, and (iii) a TCR intracellular domain,
wherein at least two of (1), (ii), and (iii) are from the same TCR subunit. In some instances, the
TCR subunit comprises a TCR intracellular domain comprising a stimulatory domain selected
from an intracellular signaling domain of CD3 epsilon, CD3 gamma or CD3 delta, or an amino
acid sequence having at least one, two or three modifications thereto. In some instances, the

TCR subunit comprises an intracellular domain comprising a stimulatory domain selected from
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a functional signaling domain of 4-1BB and/or a functional signaling domain of CD3 zeta, or an
amino acid sequence having at least one modification thereto. In some instances, the human or
humanized antibody domain comprises an antibody fragment. In some instances, the human or
humanized antibody domain comprises a scFv or a Vg domain. In some instances, the isolated
nucleic acid molecule encodes (1) a light chain (LC) CDR1, LC CDR2 and LC CDR3 of an anti-
CD19 light chain binding domain amino acid sequence with 70-100% sequence identity to SEQ
ID NO: 25, SEQ ID NO: 27 and SEQ ID NO: 29, repectively, and/or (ii) a heavy chain (HC)
CDRI1, HC CDR2 and HC CDR3 of an anti-CD19 heavy chain binding domain amino acid
sequence with 70-100% sequence identity to SEQ ID NO: 31, SEQ ID NO: 33 and SEQ ID NO:
35, respectively. In some instances, the isolated nucleic acid molecule encodes a light chain
variable region, wherein the light chain variable region comprises an amino acid sequence
having at least one but not more than 30 modifications of a light chain variable region amino
acid sequence of SEQ ID NO: 49, or a sequence with 95-99% identity to a light chain variable
region amino acid sequence of SEQ ID NO: 49. In some instances, the isolated nucleic acid
molecule encodes a heavy chain variable region, wherein the heavy chain variable region
comprises an amino acid sequence having at least one but not more than 30 modifications of a
heavy chain variable region amino acid sequence of SEQ ID NO: 51, or a sequence with 95-99%
identity to a heavy chain variable region amino acid sequence of SEQ ID NO: 51. In some
instances, the isolated nucleic acid molecule encodes (i) a light chain (LC) CDR1, LC CDR2
and LC CDR3 of an anti-BCMA light chain binding domain amino acid sequence with 70-100%
sequence identity to SEQ ID NO: 37, SEQ ID NO: 39and SEQ ID NO: 41, repectively, and/or
(i1) a heavy chain (HC) CDR1, HC CDR2 and HC CDR3 of an anti-BCMA heavy chain binding
domain amino acid sequence with 70-100% sequence identity to SEQ ID NO: 43, SEQ ID NO:
45 and SEQ ID NO: 47, respectively. In some instances, the isolated nucleic acid molecule
encodes a light chain variable region, wherein the light chain variable region comprises an
amino acid sequence having at least one but not more than 30 modifications of a light chain
variable region amino acid sequence of SEQ ID NO: 53, or a sequence with 95-99% identity to a
light chain variable region amino acid sequence of SEQ ID NO: 53. In some instances, the
isolated nucleic acid molecule encodes a heavy chain variable region, wherein the heavy chain
variable region comprises an amino acid sequence having at least one but not more than 30
modifications of a heavy chain variable region amino acid sequence of SEQ ID NO: 55, or a
sequence with 95-99% identity to a heavy chain variable region amino acid sequence of SEQ ID
NO: 55. In some instances, the TFP includes an extracellular domain of a TCR subunit that
comprises an extracellular domain or portion thereof of a protein selected from the group

consisting of a TCR alpha chain, a TCR beta chain, a CD3 epsilon TCR subunit, a CD3 gamma
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TCR subunit, a CD3 delta TCR subunit, functional fragments thereof, and amino acid sequences
thereof having at least one but not more than 20 modifications. In some instances, the encoded
TFP includes a transmembrane domain that comprises a transmembrane domain of a protein
selected from the group consisting of a TCR alpha chain, a TCR beta chain, a CD3 epsilon TCR
subunit, a CD3 gamma TCR subunit, a CD3 delta TCR subunit, functional fragments thereof,
and amino acid sequences thereof having at least one but not more than 20 modifications. In
some instances, the encoded TFP includes a transmembrane domain that comprises a
transmembrane domain of a protein selected from the group consisting of a TCR alpha chain, a
TCR beta chain, a TCR zeta chain, a CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, a
CD3 delta TCR subunit, CD45, CD4, CD5, CDS, CD9, CD16, CD22, CD33, CD28, CD37,
CDo64, CD80, CD86, CD134, CD137, CD154, functional fragments thereof, and amino acid
sequences thereof having at least one but not more than 20 modifications. In some instances, the
isolated nucleic acid molecule further comprises a sequence encoding a costimulatory domain.
In some instances, the costimulatory domain is a functional signaling domain obtained from a
protein selected from the group consisting of 0X40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1
(CD11a/CD18), ICOS (CD278), and 4-1BB (CD137), and amino acid sequences thereof having
at least one but not more than 20 modifications thereto. In some instances, the isolated nucleic
acid molecule further comprises a leader sequence. In some instances, the isolated nucleic acid
molecule is mRNA.

[0014] In some instances, the TFP includes an immunoreceptor tyrosine-based activation motif
(ITAM) of a TCR subunit that comprises an ITAM or portion thereof of a protein selected from
the group consisting of CD3 zeta TCR subunit, CD3 epsilon TCR subunit, CD3 gamma TCR
subunit, CD3 delta TCR subunit, TCR zeta chain, Fc epsilon receptor 1 chain, Fc epsilon
receptor 2 chain, Fc gamma receptor 1 chain, Fc gamma receptor 2a chain, Fc gamma receptor
2b1 chain, Fc gamma receptor 2b2 chain, Fc gamma receptor 3a chain, Fc gamma receptor 3b
chain, Fc beta receptor 1 chain, TYROBP (DAP12), CDS5, CD16a, CD16b, CD22, CD23, CD32,
CDo64, CD79a, CD79b, CD89, CD278, CD66d, functional fragments thereof, and amino acid
sequences thereof having at least one but not more than 20 modifications thereto. In some
instances, the ITAM replaces an ITAM of CD3 gamma, CD3 delta, or CD3 epsilon. In some
instances, the ITAM is selected from the group consisting of CD3 zeta TCR subunit, CD3
epsilon TCR subunit, CD3 gamma TCR subunit, and CD3 delta TCR subunit and replaces a
differenct ITAM selected from the group consisting of CD3 zeta TCR subunit, CD3 epsilon
TCR subunit, CD3 gamma TCR subunit, and CD3 delta TCR subunit.

[0015] In some instances, the nucleic acid comprises a nucleotide analog. In some instances, the

nucleotide analog is selected from the group consisting of 2’-O-methyl, 2’-O-methoxyethyl (2’-
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O-MOE), 2’-O-aminopropyl, 2’-deoxy, T-deoxy-2’-fluoro, 2’-O-aminopropyl (2’-O-AP),
2'-O-dimethylaminoethyl (2’-O-DMAQE), 2’-O-dimethylaminopropyl (2’-O-DMAP), T-
O-dimethylaminoethyloxyethyl (2°-O-DMAEOE), 2’-O-N-methylacetamido (2’-O-
NMA) modified, a locked nucleic acid (LNA), an ethylene nucleic acid (ENA), a peptide
nucleic acid (PNA), a 1°,5’- anhydrohexitol nucleic acid (HNA), a morpholino, a
methylphosphonate nucleotide, a thiolphosphonate nucleotide, and a 2’-fluoro N3-P5’-
phosphoramidite
[0016] In one aspect, provided herein is an isolated polypeptide molecule encoded by a
nucleic acid molecule provided herein.
[0017] In one aspect, provided herein is an isolated TFP molecule comprising a human or
humanized anti-CD19 binding domain, a TCR extracellular domain, a transmembrane
domain, and an intracellular domain.
[0018] In one aspect, provided herein is an isolated TFP molecule comprising a human or
humanized anti-CD19 binding domain, a TCR extracellular domain, a transmembrane
domain, and an intracellular signaling domain, wherein the TFP molecule is capable of
functionally interacting with an endogenous TCR complex and/or at least one endogenous
TCR polypeptide.
[0018A] In one aspect, provided herein is an isolated recombinant TFP molecule
comprising a murine, human or humanized antibody domain comprising

1) an anti-CD19 binding domain or an anti-BCMA binding domain,

i1) a TCR extracellular domain, and

1i1) a transmembrane domain, and an intracellular signaling domain,
wherein the TFP molecule is capable of functionally

a) interacting with an endogenous TCR complex and/or at least one endogenous TCR
polypeptide, or

b) integrating into an endogenous TCR complex.
[0019] In one aspect, provided herein is an isolated TFP molecule comprising a human or
humanized anti-CD19 binding domain, a TCR extracellular domain, a transmembrane
domain, and an intracellular signaling domain, wherein the TFP molecule is capable of
functionally integrating into an endogenous TCR complex
[0020] In some instances, the isolated TFP molecule comprises an antibody or antibody
fragment comprising a human or humanized anti-CD19 binding domain, a TCR
extracellular domain, a transmembrane domain, and an intracellular domain. In some
instances, the anti-CD19 binding domain is a scFv or a Vu domain. In some instances, the
anti-CD19 binding domain comprises a heavy chain with 95-100% identity to an amino

acid sequence of SEQ ID NO: 51, a functional fragment thereof, or an amino acid
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sequence thereof having at least one but not more than 30 modifications. In some
instances, the anti-CD19 binding domain comprises a light chain with 95-100% identity
to an amino acid sequence of SEQ ID NO: 49, a functional fragment thereof, or an amino
acid sequence thereof having at least one but not more than 30 modifications.In some
instances, the isolated TFP molecule comprises a TCR extracellular domain that
comprises an extracellular domain or portion thereof of a protein selected from the group
consisting of a TCR alpha chain, a TCR beta chain, a CD3 epsilon TCR subunit, a CD3
gamma TCR subunit, a CD3 delta TCR subunit, functional fragments thereof, and amino
acid sequences thereof having at least one but not more than 20 modifications.In some
instances, the anti-CD19 binding domain is connected to the TCR extracellular domain by
a linker sequence. In some instances, the linker region comprises (GaS), wherein n=1 to
4.

[0021] In one aspect, provided herein is an isolated TFP molecule comprising a human or
humanized anti-BCMA binding domain, a TCR extracellular domain, a transmembrane
domain, and an intracellular domain.

[0021A] In one aspect, provided herein is an isolated TFP molecule comprising a
murine, human or humanized antibody domain comprising an anti-BCMA binding
domain, a TCR extracellular domain, a transmembrane domain, and an intracellular
domain.

[0022] In one aspect, provided herein is an isolated TFP molecule comprising a human or
humanized anti-BCMA binding domain, a TCR extracellular domain, a transmembrane
domain, and an intracellular signaling domain, wherein the TFP molecule is capable of
functionally interacting with an endogenous TCR complex and/or at least one endogenous
TCR polypeptide.

[0023] In one aspect, provided herein is an isolated TFP molecule comprising a human or
humanized anti-BCMA binding domain, a TCR extracellular domain, a transmembrane
domain, and an intracellular signaling domain, wherein the TFP molecule is capable of
functionally integrating into an endogenous TCR complex.

[0024] In some instances, the isolated TFP molecule comprises an antibody or antibody
fragment comprising a human or humanized anti- BCMA binding domain, a TCR
extracellular domain, a transmembrane domain, and an intracellular domain. In some
instances, the anti-BCMA binding domain is a scFv or a Vi domain. In some instances,
the anti-BCMA binding domain comprises a heavy chain with 95-100% identity to an
amino acid sequence of SEQ ID NO: 55, a functional fragment thereof, or an amino acid
sequence thereof having at least one but not more than 30 modifications. In some

instances, the anti-BCMA binding domain comprises a light chain with 95-100% identity
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to an amino acid sequence of SEQ ID NO: 53, a functional fragment thereof, or an amino
acid sequence thereof having at least one but not more than 30 modifications. In some
instances, the isolated TFP molecule comprises a TCR extracellular domain that
comprises an extracellular domain or portion thereof of a protein selected from the group
consisting of a TCR alpha chain, a TCR beta chain, a CD3 epsilon TCR subunit, a CD3
gamma TCR subunit, a CD3 delta TCR subunit, functional fragments thereof, and amino
acid sequences thereof having at least one but not more than 20 modifications. In some
instances, the anti-BCMA binding domain is connected to the TCR extracellular domain
by a linker sequence. In some instances, the linker region comprises (GaS), wherein n=1
to 4. In some instances, the isolated TFP molecule further comprises a sequence encoding
a costimulatory domain. In some instances, the isolated TFP molecule further comprises
a sequence encoding an intracellular signaling domain. In some instances, the isolated
TFP molecule further comprises a leader sequence.

[0025] In one aspect, provided herein is a vector comprising a nucleic acid molecule
encoding a TFP provided herein. In some instances, the vector is selected from the group
consisting of a DNA, a RNA, a plasmid, a lentivirus vector, adenoviral vector, a Rous
sarcoma viral (RSV) vector, or a retrovirus vector. In some instances, the vector further
comprises a promoter. In some instances, the vector is an in vitro transcribed vector. In
some instances, a nucleic acid sequence in the vector further comprises a poly(A) tail. In
some instances, a nucleic acid sequence in the vector further comprises a 3’'UTR.

[0026] In one aspect, provided herein is a cell comprising a vector provided herein. In
some instances, the cell is a human T-cell. In some instances, the T-cell is a CD8+ or
CD4+ T-cell. In some instances, the cell further comprises a nucleic acid encoding an
inhibitory molecule that comprises a first polypeptide that comprises at least a portion of
an inhibitory molecule, associated with a second polypeptide that comprises a positive
signal from an intracellular signaling domain. In some instances, the inhibitory molecule
comprise first polypeptide that comprises at least a portion of PD1 and a second
polypeptide comprising a costimulatory domain and primary signaling domain.

[0027] In one aspect, provided herein is a human CD8+ or CD4+ T-cell comprising at
least two TFP molecules, the TFP molecules comprising a human or humanized anti-
CD19 binding domain, a TCR extracellular domain, a transmembrane domain, and an
intracellular domain, wherein the TFP molecule is capable of functionally interacting with
an endogenous TCR complex and/or at least one endogenous TCR polypeptide in, at
and/or on the surface of the human CD8+ or CD4+ T-cell.
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[0027A] In one aspect, provided herein is a human CD8+ or CD4+ T cell, or a
population of human CD8+ or CD4+ T cells, comprising at least two TFP molecules, the
at least two TFP molecules comprising a murine, human or humanized antibody domain
comprising an anti-CD19 or anti-BCMA binding domain, a TCR extracellular domain, a
TCR transmembrane domain, and a TCR intracellular domain comprising a stimulatory
domain from an intracellular signaling domain of CD3 delta, CD3 gamma, or CD3
epsilon, wherein each TFP molecule of the at least two TFP molecules is capable of
functionally interacting with an endogenous TCR complex and/or at least one endogenous
TCR polypeptide in, at and/or on the surface of the human CD8+ or CD4+ T- cell.
[0027B] In a further aspect, provided herein is a human CD8+ or CD4+ T cell
comprising at least two TFP molecules, the at least two TFP molecules comprising a
human or humanized anti-CD19 or anti-BCMA binding domain, a TCR extracellular
domain, a TCR transmembrane domain, and a TCR intracellular domain comprising a
stimulatory domain from an intracellular signaling domain of CD3 delta, CD3 gamma, or
CD3 epsilon, wherein each TFP molecule of the at least two TFP molecules is capable of
functionally interacting with an endogenous TCR complex and/or at least one endogenous
TCR polypeptide in, at and/or on the surface of the human CD8+ or CD4+ T-cell.
[0027C] In arelated aspect, provided herein is a pharmaceutical composition
comprising
(I) a T cell from a human subject, wherein the T cell comprises a recombinant
nucleic acid molecule encoding a T-cell receptor (TCR) fusion protein (TFP)
comprising
(a) a TCR subunit comprising
(1) at least a portion of a TCR extracellular domain, and
(i) a TCR intracellular domain comprising a stimulatory domain from an
intracellular signaling domain of CD3 epsilon, CD3 gamma, or CD3 delta; and
(b) a murine, human or humanized antibody domain comprising an antigen
binding domain;
(IT) a pharmaceutically acceptable carrier;
wherein the TCR subunit and the murine, human or humanized antibody domain are
operatively linked, and
wherein the TFP functionally interacts with a TCR when expressed in a T cell.
[0028] In one aspect, provided herein is a protein complex comprising: a TFP molecule
comprising a human or humanized anti-CD19 binding domain, a TCR extracellular
domain, a transmembrane domain, and an intracellular domain; and at least one

endogenous TCR complex.
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[0029] In some instances, the TCR comprises an extracellular domain or portion thereof
of a protein selected from the group consisting of TCR alpha chain, a TCR beta chain, a
CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, and a CD3 delta TCR subunit. In
some instances, the anti-CD19 binding domain is connected to the TCR extracellular
domain by a linker sequence. In some instances, the linker region comprises (G4S)n,
wherein n=1 to 4.

[0030] In one aspect, provided herein is a protein complex comprising: a TFP molecule
comprising a human or humanized anti-BCMA binding domain, a TCR extracellular
domain, a transmembrane domain, and an intracellular domain; and at least one
endogenous TCR complex.

[0031] In some instances, the TCR comprises an extracellular domain or portion thereof
of a protein selected from the group consisting of TCR alpha chain, a TCR beta chain, a
CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, and a CD3 delta TCR subunit. In
some instances, the anti-BCMA binding domain is connected to the TCR extracellular
domain by a linker sequence. In some instances, the linker region comprises (GaS)n,
wherein n=1 to 4.

[0032] In one aspect, provided herein is a human CD8+ or CD4+ T-cell comprising at

least two different TFP proteins per a protein complex provided herein.
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[0033] In one aspect, provided herein is a method of making a cell comprising transducing a T-
cell with a vector provided herein.

[0034] In one aspect, provided herein is a method of generating a population of RNA-
engineered cells comprising introducing an in vitro transcribed RNA or synthetic RNA into a
cell, where the RNA comprises a nucleic acid encoding a TFP molecule provided herein.
[0035] In one aspect, provided herein is a method of providing an anti-tumor immunity in a
mammal comprising administering to the mammal an effective amount of a cell expressing a
TFP molecule provided herein, or expressing a polypeptide molecule provided herein.

[0036] In some instances, the cell is an autologous T-cell. In some instances, the cell is an
allogeneic T-cell. In some instances, the mammal is a human.

[0037] In one aspect, provided herein is a method of treating a mammal having a disease
associated with expression of CD19 or BCMA comprising administering to the mammal an
effective amount of a TFP molecule provided herein, a cell provided herein, or a polypeptide
molecule provided herein.

[0038] In some instances, the disease associated with CD19 or BCMA expression is selected
from the group consisting of a proliferative disease, a cancer, a malignancy, myelodysplasia, a
myelodysplastic syndrome, a preleukemia, a non-cancer related indication associated with
expression of CD19. In some instances, the disease is a hematologic cancer selected from the
group consisting of B-cell acute lymphoid leukemia (B-ALL), T-cell acute lymphoid leukemia
(T-ALL), acute lymphoblastic leukemia (ALL); chronic myelogenous leukemia (CML), chronic
lymphocytic leukemia (CLL), B cell prolymphocytic leukemia, blastic plasmacytoid dendritic
cell neoplasm, Burkitt’s lymphoma, diffuse large B cell lymphoma, follicular lymphoma, hairy
cell leukemia, small cell-follicular lymphoma, large cell-follicular lymphoma, malignant
lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma, Marginal zone
lymphoma, multiple myeloma, myelodysplasia, myelodysplastic syndrome, non-Hodgkin’s
lymphoma, plasmablastic lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom
macroglobulinemia, preleukemia, a disease associated with CD19 or BCMA expression, and
combinations thereof. In some instances, the cells expressing a TFP molecule are administered
in combination with an agent that increases the efficacy of a cell expressing a TFP molecule. In
some instances, less cytokines are released in the mammal compared a mammal administered an
effective amount of a T-cell expressing an anti-CD19 chimeric antigen receptor (CAR) or an
anti-BCMA CAR. In some instances, the cells expressing a TFP molecule are administered in
combination with an agent that ameliorates one or more side effects associated with

administration of a cell expressing a TFP molecule. In some instances, the cells expressing a
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TFP molecule are administered in combination with an agent that treats the disease
associated with CD19 or BCMA.

[0039] In one aspect, an isolated nucleic acid molecule provided herein, an isolated
polypeptide molecule provided herein, an isolated TFP provided herein, a complex
provided herein, a vector provided herein, or a cell provided herein, is for use as a
medicament.

[0040] In one aspect, provided herein is a method of treating a mammal having a
disease associated with expression of CD19 or BCMA comprising administering to the
mammal an effective amount of a TFP molecule provided herein, a cell provided herein,
or a polypeptide molecule provided herein, wherein less cytokines are released in the
mammal compared a mammal administered an effective amount of a T-cell expressing an
anti-CD19 chimeric antigen receptor (CAR) or an anti-BCMA CAR.

[0040A] Throughout this specification the word "comprise", or variations such as
"comprises" or "comprising", will be understood to imply the inclusion of a stated
element, integer or step, or group of elements, integers or steps, but not the exclusion of
any other element, integer or step, or group of elements, integers or steps.

[0040B]  Any discussion of documents, acts, materials, devices, articles or the like
which has been included in the present specification is not to be taken as an admission
that any or all of these matters form part of the prior art base or were common general
knowledge in the field relevant to the present disclosure as it existed before the priority

date of each of the appended claims.

INCORPORATION BY REFERENCE
[0041] All publications, patents, and patent applications mentioned in this specification
are herein incorporated by reference to the same extent as if each individual publication,
patent, or patent application was specifically and individually indicated to be incorporated

by reference.

BRIEF DESCRIPTION OF THE DRAWINGS
[0042] The novel features of the invention are set forth with particularity in the appended
claims. A better understanding of the features and advantages of the present invention
will be obtained by reference to the following detailed description that sets forth
illustrative embodiments, in which the principles of the invention are utilized, and the
accompanying drawings of which:
[0043] FIG. 1 is a schematic illustration demonstrating the use of T-cell receptor fusion
polypeptides (TFPs) of the invention. An exemplary TFP contains an anti-CD19 scFv and
a full-length CD3 epsilon polypeptide fused via a (G4S)3 linker sequence. When produced
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by or introduced into a T-cell, the TFP associates with other polypeptides of the
endogenous T-cell receptor (TCR) (shown to include two CD3 epsilon polypeptides, one
CD3 gamma polypeptide, one CD3 delta polypeptide, two CD3 zeta polypeptides, one
TCR alpha subunit and one TCR beta subunit, where the horizontal grey segment
represents the plasma membrane) to form a reprogrammed TCR in which one or both of
the endogenous CD3 epsilon polypeptides are substituted by the TFP.

[0044] FIG. 2A represents schematic illustrations demonstrating exemplary variations of
reprogrammed T-cell receptor fusion polypeptides (TFPs) of the invention.

[0045] Figure 2A illustrates an exemplary reprogrammed TCR containing a TFP that
contains an anti-CD19 scFv and a full-length TCR Va polypeptide fused via a (G4S)3
linker sequence.

10A
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[0046] FIG. 2B illustrates a series of exemplary reprogrammed TCRs that contain multiple

TFPs including 1) an anti-CD19 scFv and a full-length TCR Va polypeptide fused via a (G4S);
linker sequence and ii) an anti-CD19 scFv and a full-length TCR V[ polypeptide fused via a
(G4S); linker sequence.

[0047] FIG. 2C illustrates an exemplary reprogrammed TCR that contains multiple TFPs
including 1) an anti-CD19 scFv and a truncated (A) TCR polypeptide fused via a (G4S); linker
sequence and i1) an anti-CD19 scFv and a full-length CD3 epsilon polypeptide fused via a
(G4S); linker sequence. The truncated (A) TCR polypeptide is truncated by the deletion of the
Vo

[0048] FIG. 2D illustrates an exemplary reprogrammed TCR that contains multiple TFPs
including 1) an anti-CD19 scFv and a truncated (A) TCR Va polypeptide fused via a (G4S);
linker sequence and ii) an anti-CD19 scFv and a truncated (A) TCR Vp polypeptide fused via a
(G4S)s linker sequence. The truncated (A) TCR polypeptide is truncated by the deletion of the
VB.

[0049] FIG. 3 is a schematic illustration demonstrating the use of T-cell receptor fusion
polypeptides (TFPs) of the invention. An exemplary TFP contains an anti-CD19 Vy domain and
a full-length CD3 epsilon polypeptide fused via a (G4S); linker sequence. When produced by a
T-cell or introduced into a T-cell, the TFP associates with other polypeptides of the endogenous
T-cell receptor (TCR) (shown to include two CD3 epsilon polypeptides, one CD3 gamma
polypeptide, one CD3 delta polypeptide, two CD3 zeta polypeptides, one TCR alpha subunit and
one TCR beta subunit, where the horizontal grey segment represents the plasma membrane) to
form a reprogrammed TCR in which one or both of the endogenous CD3 epsilon polypeptides
are substituted by the TFP.

[0050] FIG. 4 is a series of schematic illustrations demonstrating DNA constructs encoding
various TFPs.

[0051] FIG. S is an exemplary bar graph depicting surface expression of anti-CD19 LL (long
linker) TFPs on T-cells after lentiviral transduction. Effector T-cells were either un-transduced
or transduced with either anti-CD19-28{ CAR or the indicated anti-CD19 LL TFP constructs.
After being expanded for 10 days in IL-2, their surface expression of the appropriate CAR or
TFP construct was determined by flow cytometry.

[0052] FIG. 6 is an exemplary bar graph depicting surface expression of anti-CD19 SL (short
linker) TFPs on T-cells after lentiviral transduction. Effector T-cells were either un-transduced
or transduced with either anti-CD19-28 L CAR or the indicated anti-CD19 SL TFP constructs.
After being expanded for 7 days in IL-2, their surface expression of the appropriate CAR or TFP

construct was determined by flow cytometry.
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[0053] FIG. 7 is an exemplary bar graph depicting surface expression of anti-BCMA TFPs on
T-cells after lentiviral transduction. Effector T-cells were either un-transduced or transduced
with either anti-BCMA-CD3¢ or anti-BCMA-CD3y TFP constructs. After being expanded for
10 days in IL-2, their surface TFP expression was determined by flow cytometry.

[0054] FIG. 8 is an exemplary bar graph depicting killing of CD19-expressing Raji target cells
by anti-CD19 LL TFPs. Transduced effector T-cells were expanded for 14 days prior to
incubation for 18 hours with 1x10* Raji target cells at E:T ratios of 20:1, 10:1, or 5:1. The
percentage cytotoxicity was determined in a flow-cytometric cytotoxicity assay.

[0055] FIG. 9 is an exemplary bar graph depicting killing of BCMA-expressing RPMI8226
target cells by anti-BCMA TFPs. Transduced effector T-cells were expanded for 12 days prior to
incubation for 4 hours with 1x10* RPMI8226 target cells at E:T ratios of 10:1, or 5:1. The
percentage cytotoxicity was determined in a flow-cytometric cytotoxicity assay.

[0056] FIG. 10A is an exemplary graph depicting killing of CD19-transduced HeLa target cells
by an anti-CD19-28C CAR construct over time. Transduced effector T-cells were expanded for
14 days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined in a RTCA assay.

[0057] FIG. 10B is an exemplary graph depicting killing of CD19-transduced HelL a target cells
by an anti-CD19-CD3¢ LL TFP construct over time. Transduced effector T-cells were expanded
for 14 days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined in a RTCA assay.

[0058] FIG. 10C is an exemplary graph depicting killing of CD19-transduced HeLa target cells
by an anti-CD19-CD3y LL TFP construct over time. Transduced effector T-cells were expanded
for 14 days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined in a RTCA assay.

[0059] FIG. 10D is an exemplary graph depicting killing of CD19-transduced HeLa target cells
by anti-CD19-TCRac LL TFP construct over time. Transduced effector T-cells were expanded
for 14 days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined in a RTCA assay.

[0060] FIG. 10E is an exemplary graph depicting killing of CD19-transduced HelL a target cells
by anti-CD19-TCRBc LL TFP construct over time. Transduced effector T-cells were expanded
for 14 days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined in a RTCA assay.

[0061] FIG. 10F is an exemplary graph depicting killing of CD19-transduced HeLa target cells
by anti-CD19-TCRa LL TFP construct over time. Transduced effector T-cells were expanded
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for 14 days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined in a RTCA assay.
[0062] FIG. 10G is an exemplary graph depicting killing of CD19-transduced HeL a target cells
by anti-CD19-TCR LL TFP construct over time. Transduced effector T-cells were expanded
for 14 days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined in a RTCA assay.
[0063] FIG. 11 is an exemplary graph depicting killing of CD19-transduced HeLa target cells
by anti-CD19 TFPs. Transduced effector T-cells were expanded for 7 days prior to incubation
with 1x10* CD19-transduced HeLa target cells. The cell index, indicative of cytotoxicity, was
determined in a RTCA assay.
[0064] FIG. 12 is an exemplary graph depicting killing of BCMA-transduced HeL a target cells
by anti-BCMA TFPs over time. Effector T-cells that were either non-transduced or transduced
with either anti-BCMA-CD3¢ or anti-BCMA-CD3y TFPs were expanded for 7 days prior to
incubation with either 1x10* HeLa or HeLa-BCMA target cells. The cell index, indicative of
cytotoxicity, was determined in a RTCA assay.
[0065] FIG. 13 is an exemplary graph depicting killing activity of T-cells transduced with
various amounts of lentivirus encoding anti-CD19-CD3¢ LL TFP over time. T-cells transduced
with the indicated MOI of lentivirus encoding anti-CD19-CD3¢e LL TFP were expanded for 14
days prior to incubation with 1x10* CD19-transduced HeLa target cells. The cell index,
indicative of cytotoxicity, was determined.
[0066] FIG. 14 is an exemplary graph depicting killing activity of T-cells transfected by
electroporation with in vifro transcribed (IVT) mRNA encoding anti-CD19-CD3¢ SL or anti-
CD19-CD3y SL TRuCs. Effector T cells were transfected by electroporation of activated
PBMCs with in vitro transcribed (IVT) mRNAs encoding either GFP control, anti-CD19-CD3¢
SL, or anti-CD19-CD3y SL TRuCs. After expansion for 3 days the effectors were incubated for
4 hours with 1x10* Raji cells or K562 cells at E:T ratios of 10:1. The percentage cytotoxicity
was determined in a flow-cytometric cytotoxicity assay.
[0067] FIG. 15A is an exemplary graph depicting IL-2 release by T-cells transduced with anti-
CD19 LL TFPs in response to CD19-bearing target cells. Effector T-cells that were either non-
transduced, transduced with a control CAR, an anti-CD19-28( CAT or the indicated anti-CD19
LL TFP, were expanded for 14 days prior to incubation with either 1x10* Raji or K562 target
cells. IL-2 levels were determined by ELISA.
[0068] FIG. 15B is an exemplary graph depicting IFN-v release by T-cells transduced with anti-
CD19 LL TFPs in response to CD19-bearing target cells. Effector T-cells that were either non-
transduced, transduced with a control CAR, an anti-CD19-28( CAT or the indicated anti-CD19
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LL TFP, were expanded for 14 days prior to incubation with either 1x10* Raji or K562 target
cells. IFN-y levels were determined by ELISA.
[0069] FIG. 15C is an exemplary graph depicting IL-2 release by T-cells transduced with anti-
CD19 LL TFPs in response to CD19-bearing target cells. Effector T-cells that were either non-
transduced, transduced with a control CAR, an anti-CD19-28( CAT or the indicated anti-CD19
LL TFP, were expanded for 14 days prior to incubation with either 1x10* HeLa or CD19-HeLa
target cells. IL-2 levels were determined by ELISA.
[0070] FIG. 15D is an exemplary graph depicting IFN-y release by T-cells transduced with anti-
CD19 LL TFPs in response to CD19-bearing target cells. Effector T-cells that were either non-
transduced, transduced with a control CAR, an anti-CD19-28( CAT or the indicated anti-CD19
LL TFP, were expanded for 14 days prior to incubation with either 1x10* HeLa or CD19-HeLa
target cells. IFN-y levels were determined by ELISA.
[0071] FIG. 16 is an exemplary graph depicting [FN-y release by T-cells transduced with anti-
CD19 TFPs in response to CD19-bearing target cells. Effector T-cells that were either non-
transduced or transduced with the indicated anti-CD19 TFP were expanded for 7 days prior to
incubation with either 1x10* HeLa or CD19-HeLa target cells. IFN-y levels were determined by
ELISA.
[0072] FIG. 17A is an exemplary graph depicting IL-2 release by T-cells transduced with anti-
BCMA TFPs in response to BCMA-bearing target cells. Effector T-cells that were either non-
transduced or transduced with either anti-BCMA-CD3¢ or anti-BCMA-CD3y TFPs were
expanded for 7 days prior to incubation with either 1x10* HeLa or HeLa-BCMA target cells. IL-
2 production was determined by 2-plex Luminex.
[0073] FIG. 17B is an exemplary graph depicting IFN-v release by T-cells transduced with anti-
BCMA TFPs in response to BCMA-bearing target cells. Effector T-cells that were either non-
transduced or transduced with either anti-BCMA-CD3¢ or anti-BCMA-CD3y TFPs were
expanded for 7 days prior to incubation with either 1x10* HeLa or HeLa-BCMA target cells.
IFN-y production was determined by 2-plex Luminex.
[0074] FIG. 18 is an exemplary graph depicting degranulation of T-cells transduced with anti-
CD19 TFPs in response to CD19-bearing target cells. Effector T-cells that were either non-
transduced or transduced with either anti-CD19-28( CAR, anti-BCMA-CD3¢ LL TFP or anti-
BCMA-CD3y LL TFP were expanded for 14 days prior to incubation with 1x10" of the
indicated CD19 +ve or CD19 —ve target cells. The percentage of CD107+ cells in the
CD3+CD8+ gate was determined. Target and effector cells were co-cultured in the presence of a

fluorescently-labelled anti-CD107a antibody. The percentage of T-cells within CD3 and
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CD4/CDS8 gates that stained positively for cell surface CD107a was then determined by flow

cytometry.

[0075] FIG. 19 is an exemplary graph depicting degranulation of T-cells transduced with anti-
BCMA TFPs in response to BCMA-bearing target cells. Effector T-cells that were either non-
transduced or transduced with 50 MOI of either anti-BCMA-CD3¢ or anti-BCMA-CD3y TFPs
were expanded for 13 days prior to incubation with 1x10* of the indicated BCMA +ve
RPMI8226 target cells. The percentage of CD107+ cells in the CD3+CD8+ gate was
determined.

[0076] FIG. 20A depicts exemplary graphs of the in-vivo efficacy of T-cells transduced with
anti-CD19 LL TFPs in disseminated human leukemic xenograft models. NSG mice were
challenged intravenously with either 5 x10° Raji cells three days prior to adoptive transfer of
5x10° T-cells that were either non-transduced or transduced with either anti-CD19-28¢ CAR,
anti-CD19-CD3¢ LL TFP or anti-CD19-CD3y LL TFP.

[0077] FIG. 20B depicts exemplary graphs of the in-vivo efficacy of T-cells transduced with
anti-CD19 LL TFPs in disseminated human leukemic xenograft models. NSG mice were
challenged intravenously with either 1x10° Nalm-6 cells (right) three days prior to adoptive
transfer of 5x10° T-cells that were either non-transduced or transduced with either anti-CD19-
28C CAR, anti-CD19-CD3¢ LL TFP or anti-CD19-CD3y LL TFP. Comparison of survival
curves by the log-rank (Mantel-Cox) test showed a p = 0.0001 (Group 4 vs 1, 2, 3), p=0.0001
(Group 1 vs 2, 3), and p = 0.0004 (Group 2 vs 3). Comparison of survival curves by the Gehan-
Breslow-Wilcoxon testshowed a p =0.0001 (Group 4 vs 1, 2, 3), p=0.0001 (Group 1 vs 2, 3),
and p = 0.0005 (Group 2 vs 3).

DETAILED DESCRIPTION OF THE INVENTION
[0078] In one aspect, described herein are isolated nucleic acid molecules encoding a T-cell
Receptor (TCR) fusion protein (TFP) that comprise a TCR subunit and a human or humanized
antibody domain comprising an anti-CD19 binding domain. In some embodiments, the TCR
subunit comprises a TCR extracellular domain. In other embodiments, the TCR subunit
comprises a TCR transmembrane domain. In yet other embodiments, the TCR subunit comprises
a TCR intracellular domain. In further embodiments, the TCR subunit comprises (1) a TCR
extracellular domain, (ii) a TCR transmembrane domain, and (iii) a TCR intracellular domain,
wherein at least two of (1), (i), and (iii) are from the same TCR subunit. In yet further
embodiments, the TCR subunit comprises a TCR intracellular domain comprising a stimulatory
domain selected from an intracellular signaling domain of CD3 epsilon, CD3 gamma or CD3

delta, or an amino acid sequence having at least one, two or three modifications thereto. In yet
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further embodiments, the TCR subunit comprises an intracellular domain comprising a
stimulatory domain selected from a functional signaling domain of 4-1BB and/or a functional
signaling domain of CD3 zeta, or an amino acid sequence having at least one, two or three
modifications thereto.

[0079] In some embodiments, the human or humanized antibody domain comprises an antibody
fragment. In some embodiments, the human or humanized antibody domain comprises a scFv or
a Vg domain.

[0080] In some embodiments, the isolated nucleic acid molecules comprise (i) a light chain (LC)
CDRI1, LC CDR2 and LC CDR3 of any anti-CD19 light chain binding domain amino acid
sequence provided herein, and/or (ii) a heavy chain (HC) CDR1, HC CDR2 and HC CDR3 of
any anti-CD19 heavy chain binding domain amino acid sequence provided herein.

[0081] In some embodiments, the light chain variable region comprises an amino acid sequence
having at least one, two or three modifications but not more than 30, 20 or 10 modifications of
an amino acid sequence of a light chain variable region provided herein, or a sequence with 95-
99% identity to an amino acid sequence provided herein. In other embodiments, the heavy chain
variable region comprises an amino acid sequence having at least one, two or three
modifications but not more than 30, 20 or 10 modifications of an amino acid sequence of a
heavy chain variable region provided herein, or a sequence with 95-99% identity to an amino
acid sequence provided herein.

[0082] In some embodiments, the TFP includes an extracellular domain of a TCR subunit that
comprises an extracellular domain or portion thereof of a protein selected from the group
consisting of the alpha or beta chain of the T-cell receptor, CD3 delta, CD3 epsilon, or CD3
gamma, or a functional fragment thereof, or an amino acid sequence having at least one, two or
three modifications but not more than 20, 10 or 5 modifications thereto. In other embodiments,
the encoded TFP includes a transmembrane domain that comprises a transmembrane domain of
a protein selected from the group consisting of the alpha, beta chain of the TCR or TCR subunits
CD3 epsilon, CD3 gamma and CD3 delta, or a functional fragment thereof, or an amino acid
sequence having at least one, two or three modifications but not more than 20, 10 or 5
modifications thereto.

[0083] In some embodiments, the encoded TFP includes a transmembrane domain that
comprises a transmembrane domain of a protein selected from the group consisting of the alpha,
beta or zeta chain of the TCR or CD3 epsilon, CD3 gamma and CD3 delta CD45, CD4, CDS5,
CD8, CD9, CD16, CD22, CD33, CD28, CD37, CD64, CD80, CD86, CD134, CD137 and
CD154, or a functional fragment thereof, or an amino acid sequence having at least one, two or

three modifications but not more than 20, 10 or 5 modifications thereto.
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[0084] In some embodiments, the encoded anti-CD19 binding domain is connected to the TCR
extracellular domain by a linker sequence. In some instances, the encoded linker sequence
comprises (G4S),, wherein n=1 to 4. In some instances, the encoded linker sequence comprises a
long linker (LL) sequence. In some instances, the encoded long linker sequence comprises
(G4S)n, wherein n=2 to 4. In some instances, the encoded linker sequence comprises a short
linker (SL) sequence. In some instances, the encoded short linker sequence comprises (G4S)y,
wherein n=1 to 3.

[0085] In some embodiments, the isolated nucleic acid molecules further comprise a sequence
encoding a costimulatory domain. In some instances, the costimulatory domain is a functional
signaling domain obtained from a protein selected from the group consisting of 0X40, CD2,
CD27, CD28, CDS, ICAM-1, LFA-1 (CD11a/CD18), ICOS (CD278), and 4-1BB (CD137), or
an amino acid sequence having at least one, two or three modifications but not more than 20, 10
or 5 modifications thereto.

[0086] In some embodiments, the isolated nucleic acid molecules further comprise a leader
sequence.

[0087] Also provided herein are isolated polypeptide molecules encoded by any of the
previously described nucleic acid molecules.

[0088] Also provided herein in another aspect, are isolated T-cell receptor fusion protein (TFP)
molecules that comprise a human or humanized anti-CD19 binding domain, a TCR extracellular
domain, a transmembrane domain, and an intracellular domain. In some embodiments, the
isolated TFP molecules comprises an antibody or antibody fragment comprising a human or
humanized anti-CD19 binding domain, a TCR extracellular domain, a transmembrane domain,
and an intracellular domain.

[0089] In some embodiments, the anti-CD19 binding domain is a scFv or a Vg domain. In other
embodiments, the anti-CD19 binding domain comprises a light chain and a heavy chain of an
amino acid sequence provided herein, or a functional fragment thereof, or an amino acid
sequence having at least one, two or three modifications but not more than 30, 20 or 10
modifications of an amino acid sequence of a light chain variable region provided herein, or a
sequence with 95-99% identity with an amino acid sequence provided herein.

[0090] In some embodiments, the isolated TFP molecules comprise a TCR extracellular domain
that comprises an extracellular domain or portion thereof of a protein selected from the group
consisting of the alpha or beta chain of the T-cell receptor, CD3 delta, CD3 epsilon, or CD3
gamma, or an amino acid sequence having at least one, two or three modifications but not more

than 20, 10 or 5 modifications thereto.
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[0091] In some embodiments, the anti-CD19 binding domain is connected to the TCR
extracellular domain by a linker sequence. In some instances, the linker region comprises
(G4S),, wherein n=1 to 4. In some instances, the linker sequence comprises a long linker (LL)
sequence. In some instances, the long linker sequence comprises (G4S),, wherein n=2 to 4. In
some instances, the linker sequence comprises a short linker (SL) sequence. In some instances,
the short linker sequence comprises (G4S),, wherein n=1 to 3.

[0092] In some embodiments, the isolated TFP molecules further comprise a sequence encoding
a costimulatory domain. In other embodiments, the isolated TFP molecules further comprise a
sequence encoding an intracellular signaling domain. In yet other embodiments, the isolated
TFP molecules further comprise a leader sequence.

[0093] Also provided herein are vectors that comprise a nucleic acid molecule encoding any of
the previously described TFP molecules. In some embodiments, the vector is selected from the
group consisting of a DNA, a RNA, a plasmid, a lentivirus vector, adenoviral vector, or a
retrovirus vector. In some embodiments, the vector further comprises a promoter. In some
embodiments, the vector is an in vitro transcribed vector. In some embodiments, a nucleic acid
sequence in the vector further comprises a poly(A) tail. In some embodiments, a nucleic acid
sequence in the vector further comprises a 3’UTR.

[0094] Also provided herein are cells that comprise any of the described vectors. In some
embodiments, the cell is a human T-cell. In some embodiments, the cell is a CD8+ or CD4+ T-
cell. In other embodiments, the cells further comprise a nucleic acid encoding an inhibitory
molecule that comprises a first polypeptide that comprises at least a portion of an inhibitory
molecule, associated with a second polypeptide that comprises a positive signal from an
intracellular signaling domain. In some instances, the inhibitory molecule comprise first
polypeptide that comprises at least a portion of PD1 and a second polypeptide comprising a
costimulatory domain and primary signaling domain.

[0095] In another aspect, provided herein are isolated TFP molecules that comprise a human or
humanized anti-CD19 binding domain, a TCR extracellular domain, a transmembrane domain,
and an intracellular signaling domain, wherein the TFP molecule is capable of functionally
interacting with an endogenous TCR complex and/or at least one endogenous TCR polypeptide.
[0096] In another aspect, provided herein are isolated TFP molecules that comprise a human or
humanized anti-CD19 binding domain, a TCR extracellular domain, a transmembrane domain,
and an intracellular signaling domain, wherein the TFP molecule is capable of functionally
integrating into an endogenous TCR complex.

[0097] In another aspect, provided herein are human CD8+ or CD4+ T-cells that comprise at

least two TFP molecules, the TFP molecules comprising a human or humanized anti-CD19
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binding domain, a TCR extracellular domain, a transmembrane domain, and an
intracellular domain, wherein the TFP molecule is capable of functionally interacting with
an endogenous TCR complex and/or at least one endogenous TCR polypeptide in, at
and/or on the surface of the human CD8+ or CD4+ T-cell.

[0098] In another aspect, provided herein are protein complexes that comprise 1) a TFP
molecule comprising a human or humanized anti-CD19 binding domain, a TCR
extracellular domain, a transmembrane domain, and an intracellular domain; and ii) at
least one endogenous TCR complex.

[0099] In some embodiments, the TCR comprises an extracellular domain or portion
thereof of a protein selected from the group consisting of the alpha or beta chain of the T-
cell receptor, CD3 delta, CD3 epsilon, or CD3 gamma. In some embodiments, the anti-
CD19 binding domain is connected to the TCR extracellular domain by a linker sequence.
In some instances, the linker region comprises (G4S)n, wherein n=1 to 4. In some
instances, the linker sequence comprises a long linker (LL) sequence. In some instances,
the long linker sequence comprises (GaS)s, wherein n=2 to 4. In some instances, the linker
sequence comprises a short linker (SL) sequence. In some instances, the short linker
sequence comprises (GaS)n, wherein n=1 to 3.

[0100] Also provided herein are human CD8+ or CD4+ T-cells that comprise at least two
different TFP proteins per any of the described protein complexes.

[0101] In another aspect, provided herein is a population of human CD8+ or CD4+ T-
cells, wherein the T-cells of the population individually or collectively comprise at least
two TFP molecules, the TFP molecules comprising a human or humanized anti-CD19 or
anti-BCMA binding domain, a TCR extracellular domain, a transmembrane domain, and
an intracellular domain, wherein the TFP molecule is capable of functionally interacting
with an endogenous TCR complex and/or at least one endogenous TCR polypeptide in, at
and/or on the surface of the human CD8+ or CD4+ T-cell.

[101A] In arelated aspect, provided herein is a population of human CD8+ or CD4+ T
cells, wherein the T cells of the population individually or collectively comprise at least
two TFP molecules, the at least two TFP molecules comprising a human or humanized
anti-CD19 or anti-BCMA binding domain, a TCR extracellular domain, a TCR
transmembrane domain, and a TCR intracellular domain, wherein each TFP molecule of
the at least two TFP molecules is capable of functionally interacting with an endogenous
TCR complex and/or at least one endogenous TCR polypeptide in, at and/or on the
surface of the human CD8+ or CD4+ T-cell.
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[0102] In another aspect, provided herein is a population of human CD8+ or CD4+ T-
cells, wherein the T-cells of the population individually or collectively comprise at least
two TFP molecules encoded by an isolated nucleic acid molecule provided herein.
[0103] In another aspect, provided herein are methods of making a cell that comprise
transducing a T-cell with any of the described vectors.

[0104] In another aspect, provided herein are methods of generating a population of
RNA-engineered cells that comprise introducing an in vitro transcribed RNA or synthetic
RNA into a cell, where the RNA comprises a nucleic acid encoding any of the described
TFP molecules.

[0105] In another aspect, provided herein are methods of providing an anti-tumor
immunity in a mammal that comprise administering to the mammal an effective amount

of a cell expressing
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any of the described TFP molecules. In some embodiments, the cell is an autologous T-cell. In
some embodiments, the cell is an allogeneic T-cell. In some embodiments, the mammal is a
human.

[0106] In another aspect, provided herein are methods of treating a mammal having a disease
associated with expression of CD19 that comprise administering to the mammal an effective
amount of the cell of comprising any of the described TFP molecules. In some embodiments, the
disease associated with CD19 expression is selected from a proliferative disease such as a cancer
or malignancy or a precancerous condition such as a myelodysplasia, a myelodysplastic
syndrome or a preleukemia, or is a non-cancer related indication associated with expression of
CD19. In some embodiments, the disease is a hematologic cancer selected from the group
consisting of one or more acute leukemias including but not limited to B-cell acute lymphoid
leukemia (“B-ALL”), T-cell acute lymphoid leukemia (“T-ALL”), acute lymphoblastic leukemia
(ALL); one or more chronic leukemias including but not limited to chronic myelogenous
leukemia (CML), chronic lymphocytic leukemia (CLL); additional hematologic cancers or
hematologic conditions including, but not limited to B cell prolymphocytic leukemia, blastic
plasmacytoid dendritic cell neoplasm, Burkitt’s lymphoma, diffuse large B cell lymphoma,
follicular lymphoma, hairy cell leukemia, small cell- or a large cell-follicular lymphoma,
malignant lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma, Marginal
zone lymphoma, multiple myeloma, myelodysplasia and myelodysplastic syndrome, non-
Hodgkin’s lymphoma, plasmablastic lymphoma, plasmacytoid dendritic cell neoplasm,
Waldenstrom macroglobulinemia, and “preleukemia” which are a diverse collection of
hematological conditions united by ineffective production (or dysplasia) of myeloid blood cells,
and to disease associated with CD19 expression include, but not limited to atypical and/or non-
classical cancers, malignancies, precancerous conditions or proliferative diseases expressing
CD19; and combinations thereof.

[0107] In some embodiments, the cells expressing any of the described TFP molecules are
administered in combination with an agent that ameliorates one or more side effects associated
with administration of a cell expressing a TFP molecule. In some embodiments, the cells
expressing any of the described TFP molecules are administered in combination with an agent
that treats the disease associated with CD19.

[0108] Also provided herein are any of the described isolated nucleic acid molecules, any of the
described isolated polypeptide molecules, any of the described isolated TFPs, any of the
described protein complexes, any of the described vectors or any of the described cells for use as

a medicament
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Definitions
[0109] Unless defined otherwise, all technical and scientific terms used herein have the same
meaning as commonly understood by one of ordinary skill in the art to which the invention
pertains.
[0110] The term “a” and “an” refers to one or to more than one (i.e., to at least one) of the
grammatical object of the article. By way of example, “an element” means one element or more
than one element.
[0111] As used herein, “about” can mean plus or minus less than 1 or 1,2,3,4,5,6,7, 8,9, 10,
11,12, 13, 14, 15, 16, 17, 18, 19, 20, 25, 30, or greater than 30 percent, depending upon the
situation and known or knowable by one skilled in the art.
[0112] As used herein the specification, “subject” or “subjects” or “individuals” may include,
but are not limited to, mammals such as humans or non-human mammals, e.g., domesticated,
agricultural or wild, animals, as well as birds, and aquatic animals. “Patients” are subjects
suffering from or at risk of developing a disease, disorder or condition or otherwise in need of
the compositions and methods provided herein.
[0113] As used herein, “treating” or “treatment” refers to any indicia of success in the treatment
or amelioration of the disease or condition. Treating can include, for example, reducing,
delaying or alleviating the severity of one or more symptoms of the disease or condition, or it
can include reducing the frequency with which symptoms of a disease, defect, disorder, or
adverse condition, and the like, are experienced by a patient. As used herein, “treat or prevent”
is sometimes used herein to refer to a method that results in some level of treatment or
amelioration of the disease or condition, and contemplates a range of results directed to that end,
including but not restricted to prevention of the condition entirely.
[0114] As used herein, “preventing” refers to the prevention of the disease or condition, e.g.,
tumor formation, in the patient. For example, if an individual at risk of developing a tumor or
other form of cancer is treated with the methods of the present invention and does not later
develop the tumor or other form of cancer, then the disease has been prevented, at least over a
period of time, in that individual.
[0115] As used herein, a “therapeutically effective amount” is the amount of a composition or
an active component thereof sufficient to provide a beneficial effect or to otherwise reduce a
detrimental non-beneficial event to the individual to whom the composition is administered. By
“therapeutically effective dose” herein is meant a dose that produces one or more desired or
desirable (e.g., beneficial) effects for which it is administered, such administration occurring one
or more times over a given period of time. The exact dose will depend on the purpose of the

treatment, and will be ascertainable by one skilled in the art using known techniques (see, e.g.
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Lieberman, Pharmaceutical Dosage Forms (vols. 1-3, 1992); Lloyd, The Art, Science and

Technology of Pharmaceutical Compounding (1999); and Pickar, Dosage Calculations (1999))
[0116] As used herein, a “T-cell receptor (TCR) fusion protein” or “TFP” includes a
recombinant polypeptide derived from the various polypeptides comprising the TCR that is
generally capable of 1) binding to a surface antigen on target cells and ii) interacting with other
polypeptide components of the intact TCR complex, typically when co-located in or on the
surface of a T-cell.

[0117] As used herein, the term “CD19” refers to the Cluster of Differentiation 19 protein,
which is an antigenic determinant detectable on B cell leukemia precursor cells, other malignant
B cells and most cells of the normal B cell lineage. The human and murine amino acid and
nucleic acid sequences can be found in a public database, such as GenBank, UniProt and Swiss-
Prot. For example, the amino acid sequence of human CD19 can be found as UniProt/Swiss-Prot
Accession No. P15391. The human CD19 polypeptide canonical sequence is UniProt Accession
No. P15391 (or P15391-1):
MPPPRLLFFLLFLTPMEVRPEEPLVVKVEEGDNAVLQCLKGTSDGPTQQLTWSRESPLK
PFLKLSLGLPGLGIHMRPLAIWLFIFNVSQQMGGFYLCQPGPPSEKAWQPGWTVNVEGS
GELFRWNVSDLGGLGCGLKNRSSEGPSSPSGKLMSPKLYVWAKDRPEIWEGEPPCLPPR
DSLNQSLSQDLTMAPGSTLWLSCGVPPDSVSRGPLSWTHVHPKGPKSLLSLELKDDRPA
RDMWVMETGLLLPRATAQDAGKYYCHRGNLTMSFHLEITARPVLWHWLLRTGGWKV
SAVTLAYLIFCLCSLVGILHLQRALVLRRKRKRMTDPTRRFFKVTPPPGSGPQNQYGNV
LSLPTPTSGLGRAQRWAAGLGGTAPSYGNPSSDVQADGALGSRSPPGVGPEEEEGEGYE
EPDSEEDSEFYENDSNLGQDQLSQDGSGYENPEDEPLGPEDEDSFSNAESYENEDEELTQ
PVARTMDFLSPHGSAWDPSREATSLGSQSYEDMRGILYAAPQLRSIRGQPGPNHEEDAD
SYENMDNPDGPDPAWGGGGRMGTWSTR (SEQ ID NO: 1).

[0118] The nucleotide sequence encoding of the human CD19 can be found at Accession No.
NMO001178098. CD19 is expressed on most B lineage cancers, including, e.g., ALL, CLL and
non-Hodgkin’s lymphoma (NHL). Other cells that express CD19 are provided below in the
definition of “disease associated with expression of CD19.” It is also an early marker of normal
B cell progenitors. See, e.g., Nicholson et al. Mol. Immun. 34 (16-17): 1157-1165 (1997). In one
example, the antigen-binding portion of TFPs recognizes and binds an epitope within the
extracellular domain of the CD19 protein as expressed on a malignant and normal B cell.

[0119] As used herein, the term “BCMA” refers to the B-cell maturation antigen also known as
tumor necrosis factor receptor superfamily member 17 (TNFRSF17) and Cluster of
Differentiation 269 protein (CD269) is a protein that in humans is encoded by the TNFRSF17
gene. TNFRSF17 is a cell surface receptor of the TNF receptor superfamily which recognizes B-

22



WO 2016/187349 PCT/US2016/033146
cell activating factor (BAFF) (see, e.g., Laabi et al., EMBO 11 (11): 3897-904 (1992). This
receptor is expressed in mature B lymphocytes, and may be important for B-cell development
and autoimmune response. The human and murine amino acid and nucleic acid sequences can be
found in a public database, such as GenBank, UniProt and Swiss-Prot. For example, the amino
acid sequence of human BCMA can be found as UniProt/Swiss-Prot Accession No. Q02223.
The human BCMA polypeptide canonical sequence is UniProt Accession No. Q02223 (or
Q02223-1):
MLOQMAGQCSQNEYFDSLLHACIPCQLRCSSNTPPLTCQRYCNASVTNSVKGTNAILWT
CLGLSLISLAVFVLMFLLRKINSEPLKDEFKNTGSGLLGMANIDLEKSRTGDEIILPRGLE
YTVEECTCEDCIK SKPKVDSDHCFPLPAMEEGATILVTTKTNDYCKSLPAALSATEIEKSI
SAR (SEQ ID NO: 2).
[0120] The nucleotide sequence encoding of the human BCMAcan be found at Accession No.
NMO001192. BCMA is expressed on most B-lineage cancers, including, e.g., leukemia,
lymphomas, and multiple myeloma. Other cells that express BCMA are provided below in the
definition of “disease associated with expression of BCMA.” This receptor has been shown to
specifically bind to the tumor necrosis factor (ligand) superfamily, member 13b
(TNFSF13B/TALL-1/BAFF), and to lead to NF-kappaB and MAPKS8/INK activation. This
receptor also binds to various TRAF family members, and thus may transduce signals for cell
survival and proliferation (see, e.g., Laabi et al., Nucleic Acids Research 22 (7): 1147-54
(1994). In one example, the antigen-binding portion of TFPs recognizes and binds an epitope
within the extracellular domain of the BCMA protein as expressed on a malignant and normal B
cell.
[0121] The term “antibody,” as used herein, refers to a protein, or polypeptide sequences
derived from an immunoglobulin molecule, which specifically binds to an antigen. Antibodies
can be intact immunoglobulins of polyclonal or monoclonal origin, or fragments thereof and can
be derived from natural or from recombinant sources.
[0122] The terms “antibody fragment” or “antibody binding domain” refer to at least one
portion of an antibody, or recombinant variants thereof, that contains the antigen binding
domain, i.e., an antigenic determining variable region of an intact antibody, that is sufficient to
confer recognition and specific binding of the antibody fragment to a target, such as an antigen
and its defined epitope. Examples of antibody fragments include, but are not limited to, Fab,
Fab’, F(ab’),, and Fv fragments, single-chain (sc)Fv (“scFv”) antibody fragments, linear
antibodies, single domain antibodies such as sdAb (either Vi or Vy), camelid Vyy domains, and

multi-specific antibodies formed from antibody fragments.
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[0123] The term “scFv” refers to a fusion protein comprising at least one antibody fragment
comprising a variable region of a light chain and at least one antibody fragment comprising a
variable region of a heavy chain, wherein the light and heavy chain variable regions are
contiguously linked via a short flexible polypeptide linker, and capable of being expressed as a
single polypeptide chain, and wherein the scFv retains the specificity of the intact antibody from
which it is derived.

[0124] “Heavy chain variable region” or “Vyg” with regard to an antibody refers to the fragment
of the heavy chain that contains three CDRs interposed between flanking stretches known as
framework regions, these framework regions are generally more highly conserved than the
CDRs and form a scaffold to support the CDRs.

[0125] Unless specified, as used herein a scFv may have the Vi and Vy variable regions in
either order, e.g., with respect to the N-terminal and C-terminal ends of the polypeptide, the
scFv may comprise Vi-linker-Vy or may comprise Vy-linker-Vi.

[0126] The portion of the TFP composition of the invention comprising an antibody or antibody
fragment thereof may exist in a variety of forms where the antigen binding domain is expressed
as part of a contiguous polypeptide chain including, for example, a single domain antibody
fragment (sdAb), a single chain antibody (scFv) derived from a murine, humanized or human
antibody (Harlow et al., 1999, In: Using Antibodies: A Laboratory Manual, Cold Spring Harbor
Laboratory Press, N.Y.; Harlow et al., 1989, In: Antibodies: A Laboratory Manual, Cold Spring
Harbor, N.Y .; Houston et al., 1988, Proc. Natl. Acad. Sci. USA 85:5879-5883; Bird et al., 1988,
Science 242:423-426). In one aspect, the antigen binding domain of a TFP composition of the
invention comprises an antibody fragment. In a further aspect, the TFP comprises an antibody
fragment that comprises a scFv or a sdAb.

[0127] The term “antibody heavy chain,” refers to the larger of the two types of polypeptide
chains present in antibody molecules in their naturally occurring conformations, and which
normally determines the class to which the antibody belongs.

[0128] The term “antibody light chain,” refers to the smaller of the two types of polypeptide
chains present in antibody molecules in their naturally occurring conformations. Kappa (“k”)
and lambda (“A”) light chains refer to the two major antibody light chain isotypes.

[0129] The term “recombinant antibody” refers to an antibody that is generated using
recombinant DNA technology, such as, for example, an antibody expressed by a bacteriophage
or yeast expression system. The term should also be construed to mean an antibody which has
been generated by the synthesis of a DNA molecule encoding the antibody and which DNA

molecule expresses an antibody protein, or an amino acid sequence specifying the antibody,
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wherein the DNA or amino acid sequence has been obtained using recombinant DNA or amino
acid sequence technology which is available and well known in the art.

[0130] The term “antigen” or “Ag” refers to a molecule that is capable of being bound
specifically by an antibody, or otherwise provokes an immune response. This immune response
may involve either antibody production, or the activation of specific immunologically-
competent cells, or both.

[0131] The skilled artisan will understand that any macromolecule, including virtually all
proteins or peptides, can serve as an antigen. Furthermore, antigens can be derived from
recombinant or genomic DNA. A skilled artisan will understand that any DNA, which comprises
a nucleotide sequences or a partial nucleotide sequence encoding a protein that elicits an
immune response therefore encodes an “antigen” as that term is used herein. Furthermore, one
skilled in the art will understand that an antigen need not be encoded solely by a full length
nucleotide sequence of a gene. It is readily apparent that the present invention includes, but is
not limited to, the use of partial nucleotide sequences of more than one gene and that these
nucleotide sequences are arranged in various combinations to encode polypeptides that elicit the
desired immune response. Moreover, a skilled artisan will understand that an antigen need not
be encoded by a “gene” at all. It is readily apparent that an antigen can be generated synthesized
or can be derived from a biological sample, or might be macromolecule besides a polypeptide.
Such a biological sample can include, but is not limited to a tissue sample, a tumor sample, a cell
or a fluid with other biological components.

[0132] The term “anti-tumor effect” refers to a biological effect which can be manifested by
various means, including but not limited to, e.g., a decrease in tumor volume, a decrease in the
number of tumor cells, a decrease in the number of metastases, an increase in life expectancy,
decrease in tumor cell proliferation, decrease in tumor cell survival, or amelioration of various
physiological symptoms associated with the cancerous condition. An “anti-tumor effect” can
also be manifested by the ability of the peptides, polynucleotides, cells and antibodies of the
invention in prevention of the occurrence of tumor in the first place.

[0133] The term “autologous” refers to any material derived from the same individual to whom
it is later to be re-introduced into the individual.

[0134] The term “allogeneic” refers to any material derived from a different animal of the same
species or different patient as the individual to whom the material is introduced. Two or more
individuals are said to be allogeneic to one another when the genes at one or more loci are not
identical. In some aspects, allogeneic material from individuals of the same species may be
sufficiently unlike genetically to interact antigenically.

[0135] The term “xenogeneic” refers to a graft derived from an animal of a different species.
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[0136] The term “cancer” refers to a disease characterized by the rapid and uncontrolled growth
of aberrant cells. Cancer cells can spread locally or through the bloodstream and lymphatic
system to other parts of the body. Examples of various cancers are described herein and include
but are not limited to, breast cancer, prostate cancer, ovarian cancer, cervical cancer, skin cancer,
pancreatic cancer, colorectal cancer, renal cancer, liver cancer, brain cancer, lymphoma,
leukemia, lung cancer and the like.

[0137] The phrase “disease associated with expression of CD19” and “disease associated with
expression of BCMA” includes, but is not limited to, a disease associated with expression of
CD19 or BCMA or condition associated with cells which express CD19 or BCMA including,
e.g., proliferative diseases such as a cancer or malignancy or a precancerous condition such as a
myelodysplasia, a myelodysplastic syndrome or a preleukemia; or a noncancer related indication
associated with cells which express CD19 or BCMA. In one aspect, a cancer associated with
expression of CD19 or BCMA is a hematological cancer. In one aspect, the hematological
cancer is a leukemia or a lymphoma. In one aspect, a cancer associated with expression of CD19
or BCMA includes cancers and malignancies including, but not limited to, e.g., one or more
acute leukemias including but not limited to, e.g., B cell ALL, T-cell acute lymphoid leukemia
(TALL), one or more chronic leukemias including but not limited to, e.g., CLL or chronic
myelogenous leukemia (CML). Additional cancers or hematologic conditions associated with
expression of CD19 comprise, but are not limited to, e.g., B cell prolymphocytic leukemia,
blastic plasmacytoid dendritic cell neoplasm, Burkitt’s lymphoma, diffuse large B cell
lymphoma, Follicular lymphoma, Hairy cell leukemia, small cell- or a large cell-follicular
lymphoma, malignant lymphoproliferative conditions, MALT lymphoma, mantle cell
lymphoma, Marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplastic
syndrome, non-Hodgkin’s lymphoma, plasmablastic lymphoma, plasmacytoid dendritic cell
neoplasm, Waldenstrom macroglobulinemia, and “preleukemia” which are a diverse collection
of hematological conditions united by ineffective production (or dysplasia) of myeloid blood
cells, and the like. Further diseases associated with expression of CD19 or BCMA expression
include, but are not limited to, e.g., atypical and/or non-classical cancers, malignancies,
precancerous conditions or proliferative diseases associated with expression of CD19 or BCMA.
Non-cancer related indications associated with expression of CD19 or BCMA include, but are
not limited to, e.g., autoimmune disease, (e.g., lupus, rheumatoid arthritis, colitis), inflammatory
disorders (allergy and asthma), and transplantation.

[0138] The term “conservative sequence modifications” refers to amino acid modifications that
do not significantly affect or alter the binding characteristics of the antibody or antibody

fragment containing the amino acid sequence. Such conservative modifications include amino
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acid substitutions, additions and deletions. Modifications can be introduced into an antibody or
antibody fragment of the invention by standard techniques known in the art, such as site-directed
mutagenesis and PCR-mediated mutagenesis. Conservative amino acid substitutions are ones in
which the amino acid residue is replaced with an amino acid residue having a similar side chain.
Families of amino acid residues having similar side chains have been defined in the art. These
families include amino acids with basic side chains (e.g., lysine, arginine, histidine), acidic side
chains (e.g., aspartic acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine,
glutamine, serine, threonine, tyrosine, cysteine, tryptophan), nonpolar side chains (e.g., alanine,
valine, leucine, isoleucine, proline, phenylalanine, methionine), beta-branched side chains (e.g.,
threonine, valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan,
histidine). Thus, one or more amino acid residues within a TFP of the invention can be replaced
with other amino acid residues from the same side chain family and the altered TFP can be
tested using the functional assays described herein.
[0139] The term “stimulation” refers to a primary response induced by binding of a stimulatory
domain or stimulatory molecule (e.g., a TCR/CD3 complex) with its cognate ligand thereby
mediating a signal transduction event, such as, but not limited to, signal transduction via the
TCR/CD3 complex. Stimulation can mediate altered expression of certain molecules, and/or
reorganization of cytoskeletal structures, and the like.
[0140] The term “stimulatory molecule” or “stimulatory domain” refers to a molecule or portion
thereof expressed by a T-cell that provides the primary cytoplasmic signaling sequence(s) that
regulate primary activation of the TCR complex in a stimulatory way for at least some aspect of
the T-cell signaling pathway. In one aspect, the primary signal is initiated by, for instance,
binding of a TCR/CD3 complex with an MHC molecule loaded with peptide, and which leads to
mediation of a T-cell response, including, but not limited to, proliferation, activation,
differentiation, and the like. A primary cytoplasmic signaling sequence (also referred to as a
“primary signaling domain”) that acts in a stimulatory manner may contain a signaling motif
which is known as immunoreceptor tyrosine-based activation motif or “ITAM”. Examples of an
ITAM containing primary cytoplasmic signaling sequence that is of particular use in the
invention includes, but is not limited to, those derived from TCR zeta, FcR gamma, FcR beta,
CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79a, CD79, CD278 (also known as
“ICOS”) and CD66d.
[0141] The term “antigen presenting cell” or “APC” refers to an immune system cell such as an
accessory cell (e.g., a B-cell, a dendritic cell, and the like) that displays a foreign antigen

complexed with major histocompatibility complexes (MHC’s) on its surface. T-cells may
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recognize these complexes using their T-cell receptors (TCRs). APCs process antigens and
present them to T-cells.

[0142] An “intracellular signaling domain,” as the term is used herein, refers to an intracellular
portion of a molecule. The intracellular signaling domain generates a signal that promotes an
immune effector function of the TFP containing cell, e.g., a TFP-expressing T-cell. Examples of
immune effector function, e.g., in a TFP-expressing T-cell, include cytolytic activity and T
helper cell activity, including the secretion of cytokines. In an embodiment, the intracellular
signaling domain can comprise a primary intracellular signaling domain. Exemplary primary
intracellular signaling domains include those derived from the molecules responsible for primary
stimulation, or antigen dependent simulation. In an embodiment, the intracellular signaling
domain can comprise a costimulatory intracellular domain. Exemplary costimulatory
intracellular signaling domains include those derived from molecules responsible for
costimulatory signals, or antigen independent stimulation.

[0143] A primary intracellular signaling domain can comprise an ITAM (“immunoreceptor
tyrosine-based activation motif”’). Examples of ITAM containing primary cytoplasmic signaling
sequences include, but are not limited to, those derived from CD3 zeta, FcR gamma, FcR beta,
CD3 gamma, CD3 delta, CD3 epsilon, CD5, CD22, CD79a, CD79b, and CD66d DAP10 and
DAPI12.

[0144] The term “costimulatory molecule” refers to the cognate binding partner on a T-cell that
specifically binds with a costimulatory ligand, thereby mediating a costimulatory response by
the T-cell, such as, but not limited to, proliferation. Costimulatory molecules are cell surface
molecules other than antigen receptors or their ligands that are required for an efficient immune
response. Costimulatory molecules include, but are not limited to an MHC class 1 molecule,
BTLA and a Toll ligand receptor, as well as 0X40, CD2, CD27, CD28, CDS, ICAM-1, LFA-1
(CD11a/CD18) and 4-1BB (CD137). A costimulatory intracellular signaling domain can be the
intracellular portion of a costimulatory molecule. A costimulatory molecule can be represented
in the following protein families: TNF receptor proteins, Immunoglobulin-like proteins,
cytokine receptors, integrins, signaling lymphocytic activation molecules (SLAM proteins), and
activating NK cell receptors. Examples of such molecules include CD27, CD28, 4-1BB
(CD137), 0X40, GITR, CD30, CD40, ICOS, BAFFR, HVEM, lymphocyte function-associated
antigen-1 (LFA-1), CD2, CD7, LIGHT, NKG2C, SLAMF7, NKp80, CD160, B7-H3, and a
ligand that specifically binds with CD83, and the like. The intracellular signaling domain can
comprise the entire intracellular portion, or the entire native intracellular signaling domain, of
the molecule from which it is derived, or a functional fragment thereof. The term “4-1BB” refers

to a member of the TNFR superfamily with an amino acid sequence provided as GenBank Acc.
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No. AAA62478 .2, or the equivalent residues from a non-human species, e.g., mouse, rodent,
monkey, ape and the like; and a “4-1BB costimulatory domain” is defined as amino acid
residues 214-255 of GenBank Acc. No. AAA62478 .2, or the equivalent residues from a non-
human species, e.g., mouse, rodent, monkey, ape and the like.

[0145] The term “encoding” refers to the inherent property of specific sequences of nucleotides
in a polynucleotide, such as a gene, a cDNA, or an mRNA, to serve as templates for synthesis of
other polymers and macromolecules in biological processes having either a defined sequence of
nucleotides (e.g., IRNA, tRNA and mRNA) or a defined sequence of amino acids and the
biological properties resulting therefrom. Thus, a gene, cDNA, or RNA, encodes a protein if
transcription and translation of mRNA corresponding to that gene produces the protein in a cell
or other biological system. Both the coding strand, the nucleotide sequence of which is identical
to the mRNA sequence and is usually provided in sequence listings, and the non-coding strand,
used as the template for transcription of a gene or cDNA, can be referred to as encoding the
protein or other product of that gene or cDNA.

[0146] Unless otherwise specified, a “nucleotide sequence encoding an amino acid sequence”
includes all nucleotide sequences that are degenerate versions of each other and that encode the
same amino acid sequence. The phrase nucleotide sequence that encodes a protein or an RNA
may also include introns to the extent that the nucleotide sequence encoding the protein may in
some version contain one or more introns.

[0147] The term “effective amount” or “therapeutically effective amount” are used
interchangeably herein, and refer to an amount of a compound, formulation, material, or
composition, as described herein effective to achieve a particular biological or therapeutic result.
[0148] The term “endogenous” refers to any material from or produced inside an organism, cell,
tissue or system.

[0149] The term “exogenous” refers to any material introduced from or produced outside an
organism, cell, tissue or system.

[0150] The term “expression” refers to the transcription and/or translation of a particular
nucleotide sequence driven by a promoter.

[0151] The term “transfer vector” refers to a composition of matter which comprises an isolated
nucleic acid and which can be used to deliver the isolated nucleic acid to the interior of a cell.
Numerous vectors are known in the art including, but not limited to, linear polynucleotides,
polynucleotides associated with ionic or amphiphilic compounds, plasmids, and viruses. Thus,
the term “transfer vector” includes an autonomously replicating plasmid or a virus. The term
should also be construed to further include non-plasmid and non-viral compounds which

facilitate transfer of nucleic acid into cells, such as, for example, a polylysine compound,

29



WO 2016/187349 PCT/US2016/033146

liposome, and the like. Examples of viral transfer vectors include, but are not limited to,
adenoviral vectors, adeno-associated virus vectors, retroviral vectors, lentiviral vectors, and the
like.

[0152] The term “expression vector” refers to a vector comprising a recombinant polynucleotide
comprising expression control sequences operatively linked to a nucleotide sequence to be
expressed. An expression vector comprises sufficient cis-acting elements for expression; other
elements for expression can be supplied by the host cell or in an in vitro expression system.
Expression vectors include all those known in the art, including cosmids, plasmids (e.g., naked
or contained in liposomes) and viruses (e.g., lentiviruses, retroviruses, adenoviruses, and adeno-
associated viruses) that incorporate the recombinant polynucleotide.

[0153] The term “lentivirus” refers to a genus of the Retroviridae family. Lentiviruses are
unique among the retroviruses in being able to infect non-dividing cells; they can deliver a
significant amount of genetic information into the DNA of the host cell, so they are one of the
most efficient methods of a gene delivery vector. HIV, SIV, and FIV are all examples of
lentiviruses.

[0154] The term “lentiviral vector” refers to a vector derived from at least a portion of a
lentivirus genome, including especially a self-inactivating lentiviral vector as provided in
Milone et al., Mol. Ther. 17(8): 1453-1464 (2009). Other examples of lentivirus vectors that
may be used in the clinic, include but are not limited to, e.g., the LENTIVECTOR™ gene
delivery technology from Oxford BioMedica, the LENTIMAX™ vector system from Lentigen,
and the like. Nonclinical types of lentiviral vectors are also available and would be known to one
skilled in the art.

[0155] The term “homologous” or “identity” refers to the subunit sequence identity between two
polymeric molecules, e.g., between two nucleic acid molecules, such as, two DNA molecules or
two RNA molecules, or between two polypeptide molecules. When a subunit position in both of
the two molecules is occupied by the same monomeric subunit; e.g., if a position in each of two
DNA molecules is occupied by adenine, then they are homologous or identical at that position.
The homology between two sequences is a direct function of the number of matching or
homologous positions; e.g., if half (e.g., five positions in a polymer ten subunits in length) of the
positions in two sequences are homologous, the two sequences are 50% homologous; if 90% of
the positions (e.g., 9 of 10), are matched or homologous, the two sequences are 90%
homologous.

[0156] “Humanized” forms of non-human (e.g., murine) antibodies are chimeric
immunoglobulins, immunoglobulin chains or fragments thereof (such as Fv, Fab, Fab’, F(ab’),

or other antigen-binding subsequences of antibodies) which contain minimal sequence derived
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from non-human immunoglobulin. For the most part, humanized antibodies and antibody
fragments thereof are human immunoglobulins (recipient antibody or antibody fragment) in
which residues from a complementary-determining region (CDR) of the recipient are replaced
by residues from a CDR of a non-human species (donor antibody) such as mouse, rat or rabbit
having the desired specificity, affinity, and capacity. In some instances, Fv framework region
(FR) residues of the human immunoglobulin are replaced by corresponding non-human residues.
Furthermore, a humanized antibody/antibody fragment can comprise residues which are found
neither in the recipient antibody nor in the imported CDR or framework sequences. These
modifications can further refine and optimize antibody or antibody fragment performance. In
general, the humanized antibody or antibody fragment thereof will comprise substantially all of
at least one, and typically two, variable domains, in which all or substantially all of the CDR
regions correspond to those of a non-human immunoglobulin and all or a significant portion of
the FR regions are those of a human immunoglobulin sequence. The humanized antibody or
antibody fragment can also comprise at least a portion of an immunoglobulin constant region
(Fc), typically that of a human immunoglobulin. For further details, see Jones et al., Nature, 321:
522-525, 1986; Reichmann et al., Nature, 332: 323-329, 1988; Presta, Curr. Op. Struct. Biol,, 2:
593-596, 1992.

[0157] “Human” or “fully human” refers to an immunoglobulin, such as an antibody or antibody
fragment, where the whole molecule is of human origin or consists of an amino acid sequence
identical to a human form of the antibody or immunoglobulin.

[0158] The term “isolated” means altered or removed from the natural state. For example, a
nucleic acid or a peptide naturally present in a living animal is not “isolated,” but the same
nucleic acid or peptide partially or completely separated from the coexisting materials of its
natural state is “isolated.” An isolated nucleic acid or protein can exist in substantially purified
form, or can exist in a non-native environment such as, for example, a host cell.

[0159] In the context of the present invention, the following abbreviations for the commonly
occurring nucleic acid bases are used. “A” refers to adenosine, “C” refers to cytosine, “G” refers
to guanosine, “T” refers to thymidine, and “U” refers to uridine.

[0160] The term “operably linked” or “transcriptional control” refers to functional linkage
between a regulatory sequence and a heterologous nucleic acid sequence resulting in expression
of the latter. For example, a first nucleic acid sequence is operably linked with a second nucleic
acid sequence when the first nucleic acid sequence is placed in a functional relationship with the
second nucleic acid sequence. For instance, a promoter is operably linked to a coding sequence

if the promoter affects the transcription or expression of the coding sequence. Operably linked
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DNA sequences can be contiguous with each other and, e.g., where necessary to join two protein
coding regions, are in the same reading frame.

[0161] The term “parenteral” administration of an immunogenic composition includes, e.g.,
subcutaneous (s.c.), intravenous (i.v.), intramuscular (i.m.), or intrasternal injection,
intratumoral, or infusion techniques.

[0162] The term “nucleic acid” or “polynucleotide” refers to deoxyribonucleic acids (DNA) or
ribonucleic acids (RNA) and polymers thereof in either single- or double-stranded form. Unless
specifically limited, the term encompasses nucleic acids containing known analogues of natural
nucleotides that have similar binding properties as the reference nucleic acid and are
metabolized in a manner similar to naturally occurring nucleotides. Unless otherwise indicated,
a particular nucleic acid sequence also implicitly encompasses conservatively modified variants
thereof (e.g., degenerate codon substitutions), alleles, orthologs, SNPs, and complementary
sequences as well as the sequence explicitly indicated. Specifically, degenerate codon
substitutions may be achieved by generating sequences in which the third position of one or
more selected (or all) codons is substituted with mixed-base and/or deoxyinosine residues
(Batzer et al., Nucleic Acid Res. 19:5081 (1991); Ohtsuka et al., J. Biol. Chem. 260:2605-2608
(1985); and Rossolini et al., Mol. Cell. Probes 8:91-98 (1994)).

[0163] The terms “peptide,” “polypeptide,” and “protein” are used interchangeably, and refer to
a compound comprised of amino acid residues covalently linked by peptide bonds. A protein or
peptide must contain at least two amino acids, and no limitation is placed on the maximum
number of amino acids that can comprise a protein’s or peptide’s sequence. Polypeptides include
any peptide or protein comprising two or more amino acids joined to each other by peptide
bonds. As used herein, the term refers to both short chains, which also commonly are referred to
in the art as peptides, oligopeptides and oligomers, for example, and to longer chains, which
generally are referred to in the art as proteins, of which there are many types. “Polypeptides”
include, for example, biologically active fragments, substantially homologous polypeptides,
oligopeptides, homodimers, heterodimers, variants of polypeptides, modified polypeptides,
derivatives, analogs, fusion proteins, among others. A polypeptide includes a natural peptide, a
recombinant peptide, or a combination thereof.

[0164] The term “promoter” refers to a DNA sequence recognized by the transcription
machinery of the cell, or introduced synthetic machinery, required to initiate the specific
transcription of a polynucleotide sequence.

[0165] The term “promoter/regulatory sequence” refers to a nucleic acid sequence which is
required for expression of a gene product operably linked to the promoter/regulatory sequence.

In some instances, this sequence may be the core promoter sequence and in other instances, this
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sequence may also include an enhancer sequence and other regulatory elements which are
required for expression of the gene product. The promoter/regulatory sequence may, for
example, be one which expresses the gene product in a tissue specific manner.

[0166] The term “constitutive” promoter refers to a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene product
to be produced in a cell under most or all physiological conditions of the cell.

[0167] The term “inducible” promoter refers to a nucleotide sequence which, when operably
linked with a polynucleotide which encodes or specifies a gene product, causes the gene product
to be produced in a cell substantially only when an inducer which corresponds to the promoter is
present in the cell.

[0168] The term “tissue-specific” promoter refers to a nucleotide sequence which, when
operably linked with a polynucleotide encodes or specified by a gene, causes the gene product to
be produced in a cell substantially only if the cell is a cell of the tissue type corresponding to the
promoter.

[0169] The terms “linker” and “flexible polypeptide linker” as used in the context of a scFv
refers to a peptide linker that consists of amino acids such as glycine and/or serine residues used
alone or in combination, to link variable heavy and variable light chain regions together. In one
embodiment, the flexible polypeptide linker is a Gly/Ser linker and comprises the amino acid
sequence (Gly-Gly-Gly-Ser),, where n is a positive integer equal to or greater than 1. For
example, n=1, n=2, n=3, n=4, n=5, n=6, n=7, n=8, n=9 and n=10. In one embodiment, the
flexible polypeptide linkers include, but are not limited to, (GlysSer)s or (GlysSer)s. In another
embodiment, the linkers include multiple repeats of (Gly,Ser), (GlySer) or (Gly;Ser). Also
included within the scope of the invention are linkers described in W02012/138475
(incorporated herein by reference). In some instances, the linker sequence comprises a long
linker (LL) sequence. In some instances, the long linker sequence comprises (G4S),, wherein
n=2 to 4. In some instances, the linker sequence comprises a short linker (SL) sequence. In some
instances, the short linker sequence comprises (G4S),, wherein n=1 to 3.

[0170] As used herein, a 5° cap (also termed an RNA cap, an RNA 7-methylguanosine cap or an
RNA m7G cap) is a modified guanine nucleotide that has been added to the “front” or 5” end of
a eukaryotic messenger RNA shortly after the start of transcription. The 5” cap consists of a
terminal group which is linked to the first transcribed nucleotide. Its presence is critical for
recognition by the ribosome and protection from RNases. Cap addition is coupled to
transcription, and occurs co-transcriptionally, such that each influences the other. Shortly after
the start of transcription, the 5° end of the mRNA being synthesized is bound by a cap-

synthesizing complex associated with RNA polymerase. This enzymatic complex catalyzes the
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chemical reactions that are required for mRNA capping. Synthesis proceeds as a multi-step
biochemical reaction. The capping moiety can be modified to modulate functionality of mRNA
such as its stability or efficiency of translation.

[0171] As used herein, “in vitro transcribed RNA” refers to RNA, preferably mRNA, which has
been synthesized in vifro. Generally, the in vitro transcribed RNA is generated from an in vifro
transcription vector. The in vifro transcription vector comprises a template that is used to
generate the in vifro transcribed RNA.

[0172] As used herein, a “poly(A)” is a series of adenosines attached by polyadenylation to the
mRNA. In the preferred embodiment of a construct for transient expression, the polyA is
between 50 and 5000, preferably greater than 64, more preferably greater than 100, most
preferably greater than 300 or 400. Poly(A) sequences can be modified chemically or
enzymatically to modulate mRNA functionality such as localization, stability or efficiency of
translation.

[0173] As used herein, “polyadenylation” refers to the covalent linkage of a polyadenylyl
moiety, or its modified variant, to a messenger RNA molecule. In eukaryotic organisms, most
messenger RNA (mRNA) molecules are polyadenylated at the 3° end. The 3” poly(A) tail is a
long sequence of adenine nucleotides (often several hundred) added to the pre-mRNA through
the action of an enzyme, polyadenylate polymerase. In higher eukaryotes, the poly(A) tail is
added onto transcripts that contain a specific sequence, the polyadenylation signal. The poly(A)
tail and the protein bound to it aid in protecting mRNA from degradation by exonucleases.
Polyadenylation is also important for transcription termination, export of the mRNA from the
nucleus, and translation. Polyadenylation occurs in the nucleus immediately after transcription
of DNA into RNA, but additionally can also occur later in the cytoplasm. After transcription has
been terminated, the mRNA chain is cleaved through the action of an endonuclease complex
associated with RNA polymerase. The cleavage site is usually characterized by the presence of
the base sequence AAUAAA near the cleavage site. After the mRNA has been cleaved,
adenosine residues are added to the free 3° end at the cleavage site.

[0174] As used herein, “transient” refers to expression of a non-integrated transgene for a period
of hours, days or weeks, wherein the period of time of expression is less than the period of time
for expression of the gene if integrated into the genome or contained within a stable plasmid
replicon in the host cell.

[0175] The term “signal transduction pathway” refers to the biochemical relationship between a
variety of signal transduction molecules that play a role in the transmission of a signal from one

portion of a cell to another portion of a cell. The phrase “cell surface receptor” includes
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molecules and complexes of molecules capable of receiving a signal and transmitting signal
across the membrane of a cell.

[0176] The term “subject” is intended to include living organisms in which an immune response
can be elicited (e.g., mammals, human).

[0177] The term, a “substantially purified” cell refers to a cell that is essentially free of other
cell types. A substantially purified cell also refers to a cell which has been separated from other
cell types with which it is normally associated in its naturally occurring state. In some instances,
a population of substantially purified cells refers to a homogenous population of cells. In other
instances, this term refers simply to cell that have been separated from the cells with which they
are naturally associated in their natural state. In some aspects, the cells are cultured in vifro. In
other aspects, the cells are not cultured in vitro.

[0178] The term “therapeutic” as used herein means a treatment. A therapeutic effect is obtained
by reduction, suppression, remission, or eradication of a disease state.

[0179] The term “prophylaxis” as used herein means the prevention of or protective treatment
for a disease or disease state.

[0180] In the context of the present invention, “tumor antigen” or “hyperproliferative disorder
antigen” or “antigen associated with a hyperproliferative disorder” refers to antigens that are
common to specific hyperproliferative disorders. In certain aspects, the hyperproliferative
disorder antigens of the present invention are derived from, cancers including but not limited to
primary or metastatic melanoma, thymoma, lymphoma, sarcoma, lung cancer, liver cancer,
NHL, leukemias, uterine cancer, cervical cancer, bladder cancer, kidney cancer and
adenocarcinomas such as breast cancer, prostate cancer, ovarian cancer, pancreatic cancer, and
the like.

[0181] The term “transfected” or “transformed” or “transduced” refers to a process by which
exogenous nucleic acid is transferred or introduced into the host cell. A “transfected” or
“transformed” or “transduced” cell is one which has been transfected, transformed or transduced
with exogenous nucleic acid. The cell includes the primary subject cell and its progeny.

[0182] The term “specifically binds,” refers to an antibody, an antibody fragment or a specific
ligand, which recognizes and binds a cognate binding partner (e.g., CD19) present in a sample,
but which does not necessarily and substantially recognize or bind other molecules in the
sample.

[0183] Ranges: throughout this disclosure, various aspects of the invention can be presented in a
range format. It should be understood that the description in range format is merely for
convenience and brevity and should not be construed as an inflexible limitation on the scope of

the invention. Accordingly, the description of a range should be considered to have specifically
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disclosed all the possible subranges as well as individual numerical values within that range. For
example, description of a range such as from 1 to 6 should be considered to have specifically
disclosed subranges such as from 1 to 3, from 1 to 4, from 1 to 5, from 2 to 4, from 2 to 6, from
3 to 6 etc., as well as individual numbers within that range, for example, 1,2,2.7,3,4, 5,5.3,
and 6. As another example, a range such as 95-99% identity, includes something with 95%,
96%, 97%, 98% or 99% identity, and includes subranges such as 96-99%, 96-98%, 96-97%, 97-
99%, 97-98% and 98-99% identity. This applies regardless of the breadth of the range.
DESCRIPTION

[0184] Provided herein are compositions of matter and methods of use for the treatment of a
disease such as cancer, using T-cell receptor (TCR) fusion proteins. As used herein, a “T-cell
receptor (TCR) fusion protein” or “TFP” includes a recombinant polypeptide derived from the
various polypeptides comprising the TCR that is generally capable of 1) binding to a surface
antigen on target cells and i1) interacting with other polypeptide components of the intact TCR
complex, typically when co-located in or on the surface of a T-cell. As provided herein, TFPs
provide substantial benefits as compared to Chimeric Antigen Receptors. The term “Chimeric
Antigen Receptor” or alternatively a “CAR?” refers to a recombinant polypeptide comprising an
extracellular antigen binding domain in the form of a scFv, a transmembrane domain, and
cytoplasmic signaling domains (also referred to herein as “an intracellular signaling domains”)
comprising a functional signaling domain derived from a stimulatory molecule as defined below.
Generally, the central intracellular signaling domain of a CAR 1is derived from the CD3 zeta
chain that is normally found associated with the TCR complex. The CD3 zeta signaling domain
can be fused with one or more functional signaling domains derived from at least one co-
stimulatory molecule such as 4-1BB (i.e., CD137), CD27 and/or CD28.

T-cell receptor (TCR) fusion proteins (TFP)

[0185] The present invention encompasses recombinant DNA constructs encoding TFPs,
wherein the TFP comprises an antibody fragment that binds specifically to CD19, e.g., human
CD19, wherein the sequence of the antibody fragment is contiguous with and in the same
reading frame as a nucleic acid sequence encoding a TCR subunit or portion thereof. The
present invention encompasses recombinant DNA constructs encoding TFPs, wherein the TFP
comprises an antibody fragment that binds specifically to BCMA, e.g., human BCMA, wherein
the sequence of the antibody fragment is contiguous with and in the same reading frame as a
nucleic acid sequence encoding a TCR subunit or portion thereof. The TFPs provided herein are
able to associate with one or more endogenous (or alternatively, one or more exogenous, or a
combination of endogenous and exogenous) TCR subunits in order to form a functional TCR

complex.
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[0186] In one aspect, the TFP of the invention comprises a target-specific binding element
otherwise referred to as an antigen binding domain. The choice of moiety depends upon the type
and number of target antigen that define the surface of a target cell. For example, the antigen
binding domain may be chosen to recognize a target antigen that acts as a cell surface marker on
target cells associated with a particular disease state. Thus examples of cell surface markers that
may act as target antigens for the antigen binding domain in a TFP of the invention include those
associated with viral, bacterial and parasitic infections; autoimmune diseases; and cancerous
diseases (e.g., malignant diseases).

[0187] In one aspect, the TFP-mediated T-cell response can be directed to an antigen of interest
by way of engineering an antigen-binding domain into the TFP that specifically binds a desired
antigen.

[0188] In one aspect, the portion of the TFP comprising the antigen binding domain comprises
an antigen binding domain that targets CD19. In one aspect, the antigen binding domain targets
human CD19. In one aspect, the portion of the TFP comprising the antigen binding domain
comprises an antigen binding domain that targetsBCMA. In one aspect, the antigen binding
domain targets human BCMA.

[0189] The antigen binding domain can be any domain that binds to the antigen including but
not limited to a monoclonal antibody, a polyclonal antibody, a recombinant antibody, a human
antibody, a humanized antibody, and a functional fragment thereof, including but not limited to
a single-domain antibody such as a heavy chain variable domain (Vy), a light chain variable
domain (VL) and a variable domain (Vyug) of a camelid derived nanobody, and to an alternative
scaffold known in the art to function as antigen binding domain, such as a recombinant
fibronectin domain, anticalin, DARPIN and the like. Likewise a natural or synthetic ligand
specifically recognizing and binding the target antigen can be used as antigen binding domain
for the TFP. In some instances, it is beneficial for the antigen binding domain to be derived from
the same species in which the TFP will ultimately be used in. For example, for use in humans, it
may be beneficial for the antigen binding domain of the TFP to comprise human or humanized
residues for the antigen binding domain of an antibody or antibody fragment.

[0190] Thus, in one aspect, the antigen-binding domain comprises a humanized or human
antibody or an antibody fragment, or a murine antibody or antibody fragment. In one
embodiment, the humanized or human anti-CD19 or anti-BCMA binding domain comprises one
or more (e.g., all three) light chain complementary determining region 1 (LC CDR1), light chain
complementary determining region 2 (LC CDR2), and light chain complementary determining
region 3 (LC CDR3) of a humanized or human anti-CD19 or anti-BCMA binding domain

described herein, and/or one or more (e.g., all three) heavy chain complementary determining
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region 1 (HC CDR1), heavy chain complementary determining region 2 (HC CDR2), and heavy
chain complementary determining region 3 (HC CDR3) of a humanized or human anti-CD19
binding domain described herein, e.g., a humanized or human anti-CD19 or anti-BCMA binding
domain comprising one or more, e.g., all three, LC CDRs and one or more, e.g., all three, HC
CDRs. In one embodiment, the humanized or human anti-CD19 binding domain comprises one
or more (e.g., all three) heavy chain complementary determining region 1 (HC CDR1), heavy
chain complementary determining region 2 (HC CDR2), and heavy chain complementary
determining region 3 (HC CDR3) of a humanized or human anti-CD19 or anti-BCMA binding
domain described herein, e.g., the humanized or human anti-CD19 or anti-BCMA binding
domain has two variable heavy chain regions, each comprising a HC CDR1, a HC CDR2 and a
HC CDR3 described herein. In one embodiment, the humanized or human anti-CD19 or anti-
BCMA binding domain comprises a humanized or human light chain variable region described
herein and/or a humanized or human heavy chain variable region described herein. In one
embodiment, the humanized or human anti-CD19 or anti-BCMA binding domain comprises a
humanized heavy chain variable region described herein, e.g., at least two humanized or human
heavy chain variable regions described herein. In one embodiment, the anti-CD19 or anti-
BCMA binding domain is a scFv comprising a light chain and a heavy chain of an amino acid
sequence provided herein. In an embodiment, the anti-CD19 or anti-BCMA binding domain
(e.g., a scFv) comprises: a light chain variable region comprising an amino acid sequence having
at least one, two or three modifications (e.g., substitutions) but not more than 30, 20 or 10
modifications (e.g., substitutions) of an amino acid sequence of a light chain variable region
provided herein, or a sequence with 95-99% identity with an amino acid sequence provided
herein; and/or a heavy chain variable region comprising an amino acid sequence having at least
one, two or three modifications (e.g., substitutions) but not more than 30, 20 or 10 modifications
(e.g., substitutions) of an amino acid sequence of a heavy chain variable region provided herein,
or a sequence with 95-99% identity to an amino acid sequence provided herein. In one
embodiment, the humanized or human anti-CD19 or anti-BCMA binding domain is a scFv, and
a light chain variable region comprising an amino acid sequence described herein, is attached to
a heavy chain variable region comprising an amino acid sequence described herein, via a linker,
e.g., a linker described herein. In one embodiment, the humanized anti-CD19 or anti-BCMA
binding domain includes a (Gly,-Ser), linker, whereinnis 1, 2, 3, 4, 5, or 6, preferably 3 or 4.
The light chain variable region and heavy chain variable region of a scFv can be, e.g., in any of
the following orientations: light chain variable region-linker-heavy chain variable region or
heavy chain variable region-linker-light chain variable region. In some instances, the linker

sequence comprises a long linker (LL) sequence. In some instances, the long linker sequence
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comprises (G4S),, wherein n=2 to 4. In some instances, the linker sequence comprises a short
linker (SL) sequence. In some instances, the short linker sequence comprises (G4S),, wherein
n=1 to 3.

[0191] In some aspects, a non-human antibody is humanized, where specific sequences or
regions of the antibody are modified to increase similarity to an antibody naturally produced in a
human or fragment thereof. In one aspect, the antigen binding domain is humanized.

[0192] A humanized antibody can be produced using a variety of techniques known in the art,
including but not limited to, CDR-grafting (see, e.g., European Patent No. EP 239,400;
International Publication No. WO 91/09967; and U.S. Pat. Nos. 5,225,539, 5,530,101, and
5,585,089, each of which is incorporated herein in its entirety by reference), veneering or
resurfacing (see, e.g., European Patent Nos. EP 592,106 and EP 519,596; Padlan, 1991,
Molecular Immunology, 28(4/5):489-498; Studnicka et al., 1994, Protein Engineering, 7(6):805-
814; and Roguska et al., 1994, PNAS, 91:969-973, each of which is incorporated herein by its
entirety by reference), chain shuffling (see, e.g., U.S. Pat. No. 5,565,332, which is incorporated
herein in its entirety by reference), and techniques disclosed in, e.g., U.S. Patent Application
Publication No. US2005/0042664, U.S. Patent Application Publication No. US2005/0048617,
U.S. Pat. No. 6,407,213, U.S. Pat. No. 5,766,886, International Publication No. WO 9317105,
Tan et al., J. Immunol., 169:1119-25 (2002), Caldas et al., Protein Eng., 13(5):353-60 (2000),
Morea et al., Methods, 20(3):267-79 (2000), Baca et al ., J. Biol. Chem., 272(16):10678-84
(1997), Roguska et al., Protein Eng., 9(10):895-904 (1996), Couto et al., Cancer Res., 55 (23
Supp):5973s-5977s (1995), Couto et al., Cancer Res., 55(8):1717-22 (1995), Sandhu J S, Gene,
150(2):409-10 (1994), and Pedersen et al., J. Mol. Biol., 235(3):959-73 (1994), each of which is
incorporated herein in its entirety by reference. Often, framework residues in the framework
regions will be substituted with the corresponding residue from the CDR donor antibody to alter,
for example improve, antigen binding. These framework substitutions are identified by methods
well-known in the art, e.g., by modeling of the interactions of the CDR and framework residues
to identify framework residues important for antigen binding and sequence comparison to
identify unusual framework residues at particular positions (see, e.g., Queen et al., U.S. Pat. No.
5,585,089; and Riechmann et al., 1988, Nature, 332:323, which are incorporated herein by
reference in their entireties.)

[0193] A humanized antibody or antibody fragment has one or more amino acid residues
remaining in it from a source which is nonhuman. These nonhuman amino acid residues are
often referred to as “import” residues, which are typically taken from an “import” variable
domain. As provided herein, humanized antibodies or antibody fragments comprise one or more

CDRs from nonhuman immunoglobulin molecules and framework regions wherein the amino
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acid residues comprising the framework are derived completely or mostly from human germline.
Multiple techniques for humanization of antibodies or antibody fragments are well-known in the
art and can essentially be performed following the method of Winter and co-workers (Jones et
al., Nature, 321:522-525 (1986); Riechmann et al., Nature, 332:323-327 (1988); Verhoeyen et
al., Science, 239:1534-1536 (1988)), by substituting rodent CDRs or CDR sequences for the
corresponding sequences of a human antibody, i.e., CDR-grafting (EP 239,400; PCT Publication
No. WO 91/09967; and U.S. Pat. Nos. 4,816,567; 6,331,415; 5,225,539: 5,530,101; 5,585,089;
6,548,640, the contents of which are incorporated herein by reference in their entirety). In such
humanized antibodies and antibody fragments, substantially less than an intact human variable
domain has been substituted by the corresponding sequence from a nonhuman species.
Humanized antibodies are often human antibodies in which some CDR residues and possibly
some framework (FR) residues are substituted by residues from analogous sites in rodent
antibodies. Humanization of antibodies and antibody fragments can also be achieved by
veneering or resurfacing (EP 592,106; EP 519,596; Padlan, 1991, Molecular Inmunology,
28(4/5):489-498; Studnicka et al., Protein Engineering, 7(6):805-814 (1994); and Roguska et al ,
PNAS, 91:969-973 (1994)) or chain shuftling (U.S. Pat. No. 5,565,332), the contents of which
are incorporated herein by reference in their entirety.
[0194] The choice of human variable domains, both light and heavy, to be used in making the
humanized antibodies is to reduce antigenicity. According to the so-called “best-fit” method, the
sequence of the variable domain of a rodent antibody is screened against the entire library of
known human variable-domain sequences. The human sequence which is closest to that of the
rodent is then accepted as the human framework (FR) for the humanized antibody (Sims et al , J.
Immunol., 151:2296 (1993); Chothia et al., J. Mol. Biol., 196:901 (1987), the contents of which
are incorporated herein by reference herein in their entirety). Another method uses a particular
framework derived from the consensus sequence of all human antibodies of a particular
subgroup of light or heavy chains. The same framework may be used for several different
humanized antibodies (see, e.g., Nicholson et al. Mol. Immun. 34 (16-17): 1157-1165 (1997);
Carter et al, Proc. Natl. Acad. Sci. USA, 89:4285 (1992); Presta et al., J. Immunol., 151:2623
(1993), the contents of which are incorporated herein by reference herein in their entirety). In
some embodiments, the framework region, e.g., all four framework regions, of the heavy chain
variable region are derived from a Vy4-4-59 germline sequence. In one embodiment, the
framework region can comprise, one, two, three, four or five modifications, e.g., substitutions,
e.g., from the amino acid at the corresponding murine sequence. In one embodiment, the
framework region, e.g., all four framework regions of the light chain variable region are derived

from a VK3-1.25 germline sequence. In one embodiment, the framework region can comprise,
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one, two, three, four or five modifications, e.g., substitutions, e.g., from the amino acid at the
corresponding murine sequence.

[0195] In some aspects, the portion of a TFP composition of the invention that comprises an
antibody fragment is humanized with retention of high affinity for the target antigen and other
favorable biological properties. According to one aspect of the invention, humanized antibodies
and antibody fragments are prepared by a process of analysis of the parental sequences and
various conceptual humanized products using three-dimensional models of the parental and
humanized sequences. Three-dimensional immunoglobulin models are commonly available and
are familiar to those skilled in the art. Computer programs are available which illustrate and
display probable three-dimensional conformational structures of selected candidate
immunoglobulin sequences. Inspection of these displays permits analysis of the likely role of the
residues in the functioning of the candidate immunoglobulin sequence, e.g., the analysis of
residues that influence the ability of the candidate immunoglobulin to bind the target antigen. In
this way, FR residues can be selected and combined from the recipient and import sequences so
that the desired antibody or antibody fragment characteristic, such as increased affinity for the
target antigen, is achieved. In general, the CDR residues are directly and most substantially
involved in influencing antigen binding.

[0196] A humanized antibody or antibody fragment may retain a similar antigenic specificity as
the original antibody, e.g., in the present invention, the ability to bind human CD19. In some
embodiments, a humanized antibody or antibody fragment may have improved affinity and/or
specificity of binding to human CD19 or human BCMA.

[0197] In one aspect, the anti-CD19 or anti-BCMA binding domain is characterized by
particular functional features or properties of an antibody or antibody fragment. For example, in
one aspect, the portion of a TFP composition of the invention that comprises an antigen binding
domain specifically binds human CD19 pr human BCMA. In one aspect, the antigen binding
domain has the same or a similar binding specificity to human CD19 as the FMC63 scFv
described in Nicholson et al. Mol. Immun. 34 (16-17): 1157-1165 (1997). In one aspect, the
invention relates to an antigen binding domain comprising an antibody or antibody fragment,
wherein the antibody binding domain specifically binds to a CD19 or BCMA protein or
fragment thereof, wherein the antibody or antibody fragment comprises a variable light chain
and/or a variable heavy chain that includes an amino acid sequence provided herein. In certain
aspects, the scFv is contiguous with and in the same reading frame as a leader sequence.

[0198] In one aspect, the anti-CD19 or anti-BCMA binding domain is a fragment, e.g., a single
chain variable fragment (scFv). In one aspect, the anti-CD19 binding domain is a Fv, a Fab, a

(Fab’),, or a bi-functional (e.g. bi-specific) hybrid antibody (e.g., Lanzavecchia et al., Eur. J.
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Immunol. 17, 105 (1987)). In one aspect, the antibodies and fragments thereof of the invention
binds a CD19 protein with wild-type or enhanced affinity.

[0199] Also provided herein are methods for obtaining an antibody antigen binding domain
specific for a target antigen (e.g., CD19, BCMA or any target antigen described elsewhere
herein for targets of fusion moiety binding domains), the method comprising providing by way
of addition, deletion, substitution or insertion of one or more amino acids in the amino acid
sequence of a Vg domain set out herein a Vg domain which is an amino acid sequence variant of
the Vg domain, optionally combining the Vg domain thus provided with one or more Vi
domains, and testing the Vi domain or Vy/Vy, combination or combinations to identify a specific
binding member or an antibody antigen binding domain specific for a target antigen of interest
(e.g., CD19 or BCMA) and optionally with one or more desired properties.

[0200] In some instances, Vg domains and scFvs can be prepared according to method known in
the art (see, for example, Bird et al., (1988) Science 242:423-426 and Huston et al., (1988) Proc.
Natl. Acad. Sci. USA 85:5879-5883). scFv molecules can be produced by linking Vi and Vi
regions together using flexible polypeptide linkers. The scFv molecules comprise a linker (e.g., a
Ser-Gly linker) with an optimized length and/or amino acid composition. The linker length can
greatly affect how the variable regions of a scFv fold and interact. In fact, if a short polypeptide
linker is employed (e.g., between 5-10 amino acids) intra-chain folding is prevented. Inter-chain
folding is also required to bring the two variable regions together to form a functional epitope
binding site. In some instances, the linker sequence comprises a long linker (LL) sequence. In
some instances, the long linker sequence comprises (G4S),, wherein n=2 to 4. In some instances,
the linker sequence comprises a short linker (SL) sequence. In some instances, the short linker
sequence comprises (GsS),, wherein n=1 to 3. For examples of linker orientation and size see,
e.g., Hollinger et al. 1993 Proc Natl Acad. Sci. U.S.A. 90:6444-6448, U.S. Patent Application
Publication Nos. 2005/0100543, 2005/0175606, 2007/0014794, and PCT publication Nos.
W02006/020258 and W0O2007/024715, is incorporated herein by reference.

[0201] A scFv can comprise a linker of about 10, 11, 12, 13, 14, 15 or greater than 15 residues
between its Vi, and Vg regions. The linker sequence may comprise any naturally occurring
amino acid. In some embodiments, the linker sequence comprises amino acids glycine and
serine. In another embodiment, the linker sequence comprises sets of glycine and serine repeats
such as (Gly,Ser),, where n is a positive integer equal to or greater than 1. In one embodiment,
the linker can be (GlysSer)s or (GlysSer);. Variation in the linker length may retain or enhance
activity, giving rise to superior efficacy in activity studies. In some instances, the linker
sequence comprises a long linker (LL) sequence. In some instances, the long linker sequence

comprises (G4S),, wherein n=2 to 4. In some instances, the linker sequence comprises a short
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linker (SL) sequence. In some instances, the short linker sequence comprises (G4S),, wherein
n=1to 3.

Stability and Mutations

[0202] The stability of an anti-CD19 or anti-BCMA binding domain, e.g., scFv molecules (e.g.,
soluble scFv) can be evaluated in reference to the biophysical properties (e.g., thermal stability)
of a conventional control scFv molecule or a full length antibody. In one embodiment, the
humanized or human scFv has a thermal stability that is greater than about 0.1, about 0.25, about
0.5, about 0.75, about 1, about 1.25, about 1.5, about 1.75, about 2, about 2.5, about 3, about 3.5,
about 4, about 4.5, about 5, about 5.5, about 6, about 6.5, about 7, about 7.5, about 8, about 8.5,
about 9, about 9.5, about 10 degrees, about 11 degrees, about 12 degrees, about 13 degrees,
about 14 degrees, or about 15 degrees Celsius than a parent scFv in the described assays.

[0203] The improved thermal stability of the anti-CD19 or anti-BCMA binding domain, e.g.,
scFv is subsequently conferred to the entire CD19-TFP construct, leading to improved
therapeutic properties of the anti-CD19 or anti-BCMA TFP construct. The thermal stability of
the anti-CD19 or anti-BCMA binding domain, e.g., scFv can be improved by at least about 2 °C
or 3 °C as compared to a conventional antibody. In one embodiment, the anti-CD19 or anti-
BCMA binding domain, e.g., scFv has a 1 °C improved thermal stability as compared to a
conventional antibody. In another embodiment, the anti-CD19 binding domain, e.g., scFv has a
2 °C improved thermal stability as compared to a conventional antibody. In another
embodiment, the scFvhasa 4 °C, 5 °C, 6 °C,7°C,8°C,9°C,10°C, 11°C, 12°C, 13 °C, 14
°C, or 15 °C improved thermal stability as compared to a conventional antibody. Comparisons
can be made, for example, between the scFv molecules disclosed herein and scFv molecules or
Fab fragments of an antibody from which the scFv Vg and Vi were derived. Thermal stability
can be measured using methods known in the art. For example, in one embodiment, Ty can be
measured. Methods for measuring Ty and other methods of determining protein stability are
described in more detail below.

[0204] Mutations in scFv (arising through humanization or direct mutagenesis of the soluble
scFv) alter the stability of the scFv and improve the overall stability of the scFv and the anti-
CD19 or anti-BCMA TFP construct. Stability of the humanized scFv is compared against the
murine scFv using measurements such as Ty, temperature denaturation and temperature
aggregation. In one embodiment, the anti-CD19 or anti-BCMA binding domain, e.g., a scFv,
comprises at least one mutation arising from the humanization process such that the mutated
scFv confers improved stability to the Anti-CD19 TFP construct. In another embodiment, the

anti-CD19 binding domain, e.g., scFv comprises at least 1, 2, 3, 4, 5, 6, 7, 8, 9, 10 mutations
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arising from the humanization process such that the mutated scFv confers improved stability to
the CD19-TFP or BCMA-TFP construct.

[0205] In one aspect, the antigen binding domain of the TFP comprises an amino acid sequence
that is homologous to an antigen binding domain amino acid sequence described herein, and the
antigen binding domain retains the desired functional properties of the anti-CD19 or anti-BCMA
antibody fragments described herein. In one specific aspect, the TFP composition of the
invention comprises an antibody fragment. In a further aspect, that antibody fragment comprises
a scFv.

[0206] In various aspects, the antigen binding domain of the TFP is engineered by modifying
one or more amino acids within one or both variable regions (e.g., Vg and/or V), for example
within one or more CDR regions and/or within one or more framework regions. In one specific
aspect, the TFP composition of the invention comprises an antibody fragment. In a further
aspect, that antibody fragment comprises a scFv.

[0207] It will be understood by one of ordinary skill in the art that the antibody or antibody
fragment of the invention may further be modified such that they vary in amino acid sequence
(e.g., from wild-type), but not in desired activity. For example, additional nucleotide
substitutions leading to amino acid substitutions at “non-essential” amino acid residues may be
made to the protein. For example, a nonessential amino acid residue in a molecule may be
replaced with another amino acid residue from the same side chain family. In another
embodiment, a string of amino acids can be replaced with a structurally similar string that differs
in order and/or composition of side chain family members, e.g., a conservative substitution, in
which an amino acid residue is replaced with an amino acid residue having a similar side chain,
may be made.

[0208] Families of amino acid residues having similar side chains have been defined in the art,
including basic side chains (e.g., lysine, arginine, histidine), acidic side chains (e.g., aspartic
acid, glutamic acid), uncharged polar side chains (e.g., glycine, asparagine, glutamine, serine,
threonine, tyrosine, cysteine), nonpolar side chains (e.g., alanine, valine, leucine, isoleucine,
proline, phenylalanine, methionine, tryptophan), beta-branched side chains (e.g., threonine,
valine, isoleucine) and aromatic side chains (e.g., tyrosine, phenylalanine, tryptophan, histidine).
[0209] Percent identity in the context of two or more nucleic acids or polypeptide sequences
refers to two or more sequences that are the same. Two sequences are “substantially identical” if
two sequences have a specified percentage of amino acid residues or nucleotides that are the
same (e.g., 60% identity, optionally 70%, 71% , 72%, 73%, 74%, 75%, 76%, 77%, 78%, 79%,
80%, 81%, 82%. 83%, 84%, 85%, 86%, 87%. 88%, 89%, 90%, 91%, 92%. 93%, 94%_ 95%,
96%, 97%, 98%, or 99% identity over a specified region, or, when not specified, over the entire

44



WO 2016/187349 PCT/US2016/033146

sequence), when compared and aligned for maximum correspondence over a comparison
window, or designated region as measured using one of the following sequence comparison
algorithms or by manual alignment and visual inspection. Optionally, the identity exists over a
region that is at least about 50 nucleotides (or 10 amino acids) in length, or more preferably over
a region that is 100 to 500 or 1000 or more nucleotides (or 20, 50, 200 or more amino acids) in
length.

[0210] For sequence comparison, typically one sequence acts as a reference sequence, to which
test sequences are compared. When using a sequence comparison algorithm, test and reference
sequences are entered into a computer, subsequence coordinates are designated, if necessary,
and sequence algorithm program parameters are designated. Default program parameters can be
used, or alternative parameters can be designated. The sequence comparison algorithm then
calculates the percent sequence identities for the test sequences relative to the reference
sequence, based on the program parameters. Methods of alignment of sequences for comparison
are well known in the art. Optimal alignment of sequences for comparison can be conducted,
e.g., by the local homology algorithm of Smith and Waterman, (1970) Adv. Appl. Math. 2:482c,
by the homology alignment algorithm of Needleman and Wunsch, (1970) J. Mol. Biol. 48:443,
by the search for similarity method of Pearson and Lipman, (1988) Proc. Nat’l. Acad. Sci. USA
85:2444, by computerized implementations of these algorithms (GAP, BESTFIT, FASTA, and
TFASTA in the Wisconsin Genetics Software Package, Genetics Computer Group, 575 Science
Dr., Madison, Wis.), or by manual alignment and visual inspection (see, e.g., Brent et al., (2003)
Current Protocols in Molecular Biology). Two examples of algorithms that are suitable for
determining percent sequence identity and sequence similarity are the BLAST and BLAST 2.0
algorithms, which are described in Altschul et al., (1977) Nuc. Acids Res. 25:3389-3402; and
Altschul et al., (1990) J. Mol. Biol. 215:403-410, respectively. Software for performing BLAST
analyses is publicly available through the National Center for Biotechnology Information.
[0211] In one aspect, the present invention contemplates modifications of the starting antibody
or fragment (e.g., scFv) amino acid sequence that generate functionally equivalent molecules.
For example, the Vg or V. of an anti-CD19 or anti-BCMA binding domain, e.g., scFv,
comprised in the TFP can be modified to retain at least about 70%, 71%. 72%. 73%, 74%, 75%,
76%., T7%, 78%, 79%, 80%, 81%, 82%. 83%., 84%, 85%, 86%, 87%, 88%. 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identity of the starting Vg or V. framework region
of the anti-CD19 binding domain, e.g., scFv. The present invention contemplates modifications
of the entire TFP construct, e.g., modifications in one or more amino acid sequences of the
various domains of the TFP construct in order to generate functionally equivalent molecules.

The TFP construct can be modified to retain at least about 70%, 71%. 72%. 73%, 74%, 75%,
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76%., T7%, 78%, 79%, 80%, 81%, 82%. 83%., 84%, 85%, 86%, 87%, 88%. 89%, 90%, 91%,
92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% identity of the starting TFP construct.
Extracellular domain
[0212] The extracellular domain may be derived either from a natural or from a recombinant
source. Where the source is natural, the domain may be derived from any protein, but in
particular a membrane-bound or transmembrane protein. In one aspect the extracellular domain
is capable of associating with the transmembrane domain. An extracellular domain of particular
use in this invention may include at least the extracellular region(s) of e.g., the alpha, beta or
zeta chain of the T-cell receptor, or CD3 epsilon, CD3 gamma, or CD3 delta, or in alternative
embodiments, CD28, CD45, CD4, CD5, CD8, CD9, CD16, CD22, CD33, CD37, CD64, CDSO0,
CD86, CD134, CD137, CD154.

Transmembrane Domain

[0213] In general, a TFP sequence contains an extracellular domain and a transmembrane
domain encoded by a single genomic sequence. In alternative embodiments, a TFP can be
designed to comprise a transmembrane domain that is heterologous to the extracellular domain
of the TFP. A transmembrane domain can include one or more additional amino acids adjacent
to the transmembrane region, e.g., one or more amino acid associated with the extracellular
region of the protein from which the transmembrane was derived (e.g., 1,2,3,4,5,6,7, 8,9, 10
or up to 15 amino acids of the extracellular region) and/or one or more additional amino acids
associated with the intracellular region of the protein from which the transmembrane protein is
derived (e.g., 1,2,3,4,5,6,7,8,9, 10 or up to 15 amino acids of the intracellular region). In
one aspect, the transmembrane domain is one that is associated with one of the other domains of
the TFP is used. In some instances, the transmembrane domain can be selected or modified by
amino acid substitution to avoid binding of such domains to the transmembrane domains of the
same or different surface membrane proteins, e.g., to minimize interactions with other members
of the receptor complex. In one aspect, the transmembrane domain is capable of
homodimerization with another TFP on the TFP-T-cell surface. In a different aspect the amino
acid sequence of the transmembrane domain may be modified or substituted so as to minimize
interactions with the binding domains of the native binding partner present in the same TFP.
[0214] The transmembrane domain may be derived either from a natural or from a recombinant
source. Where the source is natural, the domain may be derived from any membrane-bound or
transmembrane protein. In one aspect the transmembrane domain is capable of signaling to the
intracellular domain(s) whenever the TFP has bound to a target. A transmembrane domain of

particular use in this invention may include at least the transmembrane region(s) of e.g., the
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alpha, beta or zeta chain of the T-cell receptor, CD28, CD3 epsilon, CD45, CD4, CDS5, CDS,
CD9, CD16, CD22, CD33, CD37, CD64, CD80, CD86, CD134, CD137, CD154.

[0215] In some instances, the transmembrane domain can be attached to the extracellular region
of the TFP, e.g., the antigen binding domain of the TFP, via a hinge, e.g., a hinge from a human
protein. For example, in one embodiment, the hinge can be a human immunoglobulin (Ig) hinge,
e.g., an IgG4 hinge, or a CD8a hinge.

Linkers

[0216] Optionally, a short oligo- or polypeptide linker, between 2 and 10 amino acids in length
may form the linkage between the transmembrane domain and the cytoplasmic region of the
TFP. A glycine-serine doublet provides a particularly suitable linker. For example, in one aspect,
the linker comprises the amino acid sequence of GGGGSGGGGS (SEQ ID NO: 3). In some
embodiments, the linker is encoded by a nucleotide sequence of
GGTGGCGGAGGTTCTGGAGGTGGAGGTTCC (SEQ ID NO: 4).

Cytoplasmic Domain

[0217] The cytoplasmic domain of the TFP can include an intracellular signaling domain, if the
TFP contains CD3 gamma, delta or epsilon polypeptides; TCR alpha and TCR beta subunits are
generally lacking in a signaling domain. An intracellular signaling domain is generally
responsible for activation of at least one of the normal effector functions of the immune cell in
which the TFP has been introduced. The term “effector function” refers to a specialized function
of a cell. Effector function of a T-cell, for example, may be cytolytic activity or helper activity
including the secretion of cytokines. Thus the term “intracellular signaling domain” refers to the
portion of a protein which transduces the effector function signal and directs the cell to perform
a specialized function. While usually the entire intracellular signaling domain can be employed,
in many cases it is not necessary to use the entire chain. To the extent that a truncated portion of
the intracellular signaling domain is used, such truncated portion may be used in place of the
intact chain as long as it transduces the effector function signal. The term intracellular signaling
domain is thus meant to include any truncated portion of the intracellular signaling domain
sufficient to transduce the effector function signal.

[0218] Examples of intracellular signaling domains for use in the TFP of the invention include
the cytoplasmic sequences of the T-cell receptor (TCR) and co-receptors that act in concert to
initiate signal transduction following antigen receptor engagement, as well as any derivative or
variant of these sequences and any recombinant sequence that has the same functional
capability.

[0219] It is known that signals generated through the TCR alone are insufficient for full

activation of naive T-cells and that a secondary and/or costimulatory signal is required. Thus,
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naive T-cell activation can be said to be mediated by two distinct classes of cytoplasmic
signaling sequences: those that initiate antigen-dependent primary activation through the TCR
(primary intracellular signaling domains) and those that act in an antigen-independent manner to
provide a secondary or costimulatory signal (secondary cytoplasmic domain, e.g., a
costimulatory domain).

[0220] A primary signaling domain regulates primary activation of the TCR complex either in a
stimulatory way, or in an inhibitory way. Primary intracellular signaling domains that act in a
stimulatory manner may contain signaling motifs which are known as immunoreceptor tyrosine-
based activation motifs (ITAMs).

[0221] Examples of ITAMs containing primary intracellular signaling domains that are of
particular use in the invention include those of CD3 zeta, FcR gamma, FcR beta, CD3 gamma,
CD3 delta, CD3 epsilon, CDS5, CD22, CD79a, CD79b, and CD66d. In one embodiment, a TFP
of the invention comprises an intracellular signaling domain, e.g., a primary signaling domain of
CD3-epsilon. In one embodiment, a primary signaling domain comprises a modified ITAM
domain, e.g., a mutated ITAM domain which has altered (e.g., increased or decreased) activity
as compared to the native ITAM domain. In one embodiment, a primary signaling domain
comprises a modified ITAM-containing primary intracellular signaling domain, e.g., an
optimized and/or truncated ITAM-containing primary intracellular signaling domain. In an
embodiment, a primary signaling domain comprises one, two, three, four or more ITAM motifs.
[0222] The intracellular signaling domain of the TFP can comprise the CD3 zeta signaling
domain by itself or it can be combined with any other desired intracellular signaling domain(s)
useful in the context of a TFP of the invention. For example, the intracellular signaling domain
of the TFP can comprise a CD3 epsilon chain portion and a costimulatory signaling domain. The
costimulatory signaling domain refers to a portion of the TFP comprising the intracellular
domain of a costimulatory molecule. A costimulatory molecule is a cell surface molecule other
than an antigen receptor or its ligands that is required for an efficient response of lymphocytes to
an antigen. Examples of such molecules include CD27, CD28, 4-1BB (CD137), 0X40, CD30,
CD40, PD1, ICOS, lymphocyte function-associated antigen-1 (LFA-1), CD2, CD7, LIGHT,
NKG2C, B7-H3, and a ligand that specifically binds with CD83, and the like. For example,
CD27 costimulation has been demonstrated to enhance expansion, effector function, and
survival of human TFP-T-cells in vifro and augments human T-cell persistence and antitumor
activity in vivo (Song et al. Blood. 2012; 119(3):696-706).

[0223] The intracellular signaling sequences within the cytoplasmic portion of the TFP of the

invention may be linked to each other in a random or specified order. Optionally, a short oligo-
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or polypeptide linker, for example, between 2 and 10 amino acids (e.g., 2, 3,4, 5,6, 7, 8,9, or
10 amino acids) in length may form the linkage between intracellular signaling sequences.
[0224] In one embodiment, a glycine-serine doublet can be used as a suitable linker. In one
embodiment, a single amino acid, e.g., an alanine, a glycine, can be used as a suitable linker.
[0225] In one aspect, the TFP-expressing cell described herein can further comprise a second
TFP, e.g., a second TFP that includes a different antigen binding domain, e.g., to the same target
(CD19 or BCMA) or a different target (e.g., CD123). In one embodiment, when the TFP-
expressing cell comprises two or more different TFPs, the antigen binding domains of the
different TFPs can be such that the antigen binding domains do not interact with one another.
For example, a cell expressing a first and second TFP can have an antigen binding domain of the
first TFP, e.g., as a fragment, e.g., a scFv, that does not form an association with the antigen
binding domain of the second TFP, e.g., the antigen binding domain of the second TFP is a Vyy.
[0226] In another aspect, the TFP-expressing cell described herein can further express another
agent, e.g., an agent which enhances the activity of a TFP-expressing cell. For example, in one
embodiment, the agent can be an agent which inhibits an inhibitory molecule. Inhibitory
molecules, e.g., PD1, can, in some embodiments, decrease the ability of a TFP-expressing cell to
mount an immune effector response. Examples of inhibitory molecules include PD1, PD-L1,
CTLA4, TIM3, LAG3, VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta. In one
embodiment, the agent which inhibits an inhibitory molecule comprises a first polypeptide, e.g.,
an inhibitory molecule, associated with a second polypeptide that provides a positive signal to
the cell, e.g., an intracellular signaling domain described herein. In one embodiment, the agent
comprises a first polypeptide, e.g., of an inhibitory molecule such as PD1, LAG3, CTLAA4,
CD160, BTLA, LAIR1, TIM3, 2B4 and TIGIT, or a fragment of any of these (e.g., at least a
portion of an extracellular domain of any of these), and a second polypeptide which is an
intracellular signaling domain described herein (e.g., comprising a costimulatory domain (e.g.,
4-1BB, CD27 or CD28, e.g., as described herein) and/or a primary signaling domain (e.g., a
CD3 zeta signaling domain described herein). In one embodiment, the agent comprises a first
polypeptide of PD1 or a fragment thereof (e.g., at least a portion of an extracellular domain of
PD1), and a second polypeptide of an intracellular signaling domain described herein (e.g., a
CD28 signaling domain described herein and/or a CD3 zeta signaling domain described herein).
PD1 is an inhibitory member of the CD28 family of receptors that also includes CD28, CTLA-4,
ICOS, and BTLA. PD-1 is expressed on activated B cells, T-cells and myeloid cells (Agata et al.
1996 Int. Immunol 8:765-75). Two ligands for PD1, PD-L1 and PD-L2 have been shown to
downregulate T-cell activation upon binding to PD1 (Freeman et al. 2000 J Exp Med 192:1027-
34; Latchman et al. 2001 Nat Immunol 2:261-8; Carter et al. 2002 Eur J Immunol 32:634-43).
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PD-L1 is abundant in human cancers (Dong et al. 2003 J Mol Med 81:281-7; Blank et al. 2005
Cancer Immunol. Immunother 54:307-314; Konishi et al. 2004 Clin Cancer Res 10:5094).
Immune suppression can be reversed by inhibiting the local interaction of PD1 with PD-L1.
[0227] In one embodiment, the agent comprises the extracellular domain (ECD) of an inhibitory
molecule, e.g., Programmed Death 1 (PD1) can be fused to a transmembrane domain and
optionally an intracellular signaling domain such as 41BB and CD3 zeta (also referred to herein
as a PD1 TFP). In one embodiment, the PD1 TFP, when used in combinations with an anti-
CD19 TFP described herein, improves the persistence of the T-cell. In one embodiment, the TFP
is a PD1 TFP comprising the extracellular domain of PD 1. Alternatively, provided are TFPs
containing an antibody or antibody fragment such as a scFv that specifically binds to the
Programmed Death-Ligand 1 (PD-L1) or Programmed Death-Ligand 2 (PD-L2).

[0228] In another aspect, the present invention provides a population of TFP-expressing T-cells,
e.g., TFP-T-cells. In some embodiments, the population of TFP-expressing T-cells comprises a
mixture of cells expressing difterent TFPs. For example, in one embodiment, the population of
TFP-T-cells can include a first cell expressing a TFP having an anti-CD19 or anti-BCMA
binding domain described herein, and a second cell expressing a TFP having a different anti-
CD19 or anti-BCMA binding domain, e.g., an anti-CD19 or anti-BCMA binding domain
described herein that differs from the anti-CD19 binding domain in the TFP expressed by the
first cell. As another example, the population of TFP-expressing cells can include a first cell
expressing a TFP that includes an anti-CD19 or anti-BCMA binding domain, e.g., as described
herein, and a second cell expressing a TFP that includes an antigen binding domain to a target
other than CD19 or BCMA (e.g., another tumor-associated antigen).

[0229] In another aspect, the present invention provides a population of cells wherein at least
one cell in the population expresses a TFP having an anti-CD19 or anti-BCMA domain
described herein, and a second cell expressing another agent, e.g., an agent which enhances the
activity of a TFP-expressing cell. For example, in one embodiment, the agent can be an agent
which inhibits an inhibitory molecule. Inhibitory molecules, e.g., can, in some embodiments,
decrease the ability of a TFP-expressing cell to mount an immune effector response. Examples
of inhibitory molecules include PD1, PD-L1, PD-L2, CTLA4, TIM3, LAG3, VISTA, BTLA,
TIGIT, LAIR1, CD160, 2B4 and TGFR beta. In one embodiment, the agent that inhibits an
inhibitory molecule comprises a first polypeptide, e.g., an inhibitory molecule, associated with a
second polypeptide that provides a positive signal to the cell, e.g., an intracellular signaling
domain described herein.

[0230] Disclosed herein are methods for producing in vitro transcribed RNA encoding TFPs.

The present invention also includes a TFP encoding RNA construct that can be directly
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transfected into a cell. A method for generating mRNA for use in transfection can involve in
vitro transcription (IVT) of a template with specially designed primers, followed by polyA
addition, to produce a construct containing 3’ and 5’ untranslated sequence (“UTR”), a 5° cap
and/or Internal Ribosome Entry Site (IRES), the nucleic acid to be expressed, and a polyA tail,
typically 50-2000 bases in length. RNA so produced can efficiently transfect different kinds of
cells. In one aspect, the template includes sequences for the TFP.

[0231] In one aspect the anti-CD19 or anti-BCMA TFP is encoded by a messenger RNA
(mRNA). In one aspect the mRNA encoding the anti-CD19 or anti-BCMA TFP is introduced
into a T-cell for production of a TFP-T-cell. In one embodiment, the in vitro transcribed RNA
TFP can be introduced to a cell as a form of transient transfection. The RNA is produced by in
vitro transcription using a polymerase chain reaction (PCR)-generated template. DNA of interest
from any source can be directly converted by PCR into a template for in vitro mRNA synthesis
using appropriate primers and RNA polymerase. The source of the DNA can be, for example,
genomic DNA, plasmid DNA, phage DNA, cDNA, synthetic DNA sequence or any other
appropriate source of DNA. The desired template for in vifro transcription is a TFP of the
present invention. In one embodiment, the DNA to be used for PCR contains an open reading
frame. The DNA can be from a naturally occurring DNA sequence from the genome of an
organism. In one embodiment, the nucleic acid can include some or all of the 5’ and/or 3’
untranslated regions (UTRs). The nucleic acid can include exons and introns. In one
embodiment, the DNA to be used for PCR is a human nucleic acid sequence. In another
embodiment, the DNA to be used for PCR is a human nucleic acid sequence including the 5’
and 3’ UTRs. The DNA can alternatively be an artificial DNA sequence that is not normally
expressed in a naturally occurring organism. An exemplary artificial DNA sequence is one that
contains portions of genes that are ligated together to form an open reading frame that encodes a
fusion protein. The portions of DNA that are ligated together can be from a single organism or
from more than one organism.

[0232] PCR is used to generate a template for in vifro transcription of mRNA which is used for
transfection. Methods for performing PCR are well known in the art. Primers for use in PCR are
designed to have regions that are substantially complementary to regions of the DNA to be used
as a template for the PCR. “Substantially complementary,” as used herein, refers to sequences of
nucleotides where a majority or all of the bases in the primer sequence are complementary, or
one or more bases are non-complementary, or mismatched. Substantially complementary
sequences are able to anneal or hybridize with the intended DNA target under annealing
conditions used for PCR. The primers can be designed to be substantially complementary to any

portion of the DNA template. For example, the primers can be designed to amplify the portion
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of a nucleic acid that is normally transcribed in cells (the open reading frame), including 5 and
37 UTRs. The primers can also be designed to amplify a portion of a nucleic acid that encodes a
particular domain of interest. In one embodiment, the primers are designed to amplify the coding
region of a human cDNA, including all or portions of the 5” and 3’ UTRs. Primers useful for
PCR can be generated by synthetic methods that are well known in the art. “Forward primers”
are primers that contain a region of nucleotides that are substantially complementary to
nucleotides on the DNA template that are upstream of the DNA sequence that is to be amplified.
“Upstream” is used herein to refer to a location 5, to the DNA sequence to be amplified relative
to the coding strand. “Reverse primers” are primers that contain a region of nucleotides that are
substantially complementary to a double-stranded DNA template that are downstream of the
DNA sequence that is to be amplified. “Downstream” is used herein to refer to a location 3’ to
the DNA sequence to be amplified relative to the coding strand.
[0233] Any DNA polymerase useful for PCR can be used in the methods disclosed herein. The
reagents and polymerase are commercially available from a number of sources.
[0234] Chemical structures with the ability to promote stability and/or translation efficiency
may also be used. The RNA preferably has 5” and 3° UTRs. In one embodiment, the 5> UTR is
between one and 3000 nucleotides in length. The length of 5’ and 3 UTR sequences to be added
to the coding region can be altered by different methods, including, but not limited to, designing
primers for PCR that anneal to different regions of the UTRs. Using this approach, one of
ordinary skill in the art can modify the 5” and 3’ UTR lengths required to achieve optimal
translation efficiency following transfection of the transcribed RNA.
[0235] The 5° and 3° UTRs can be the naturally occurring, endogenous 5” and 3’ UTRs for the
nucleic acid of interest. Alternatively, UTR sequences that are not endogenous to the nucleic
acid of interest can be added by incorporating the UTR sequences into the forward and reverse
primers or by any other modifications of the template. The use of UTR sequences that are not
endogenous to the nucleic acid of interest can be useful for modifying the stability and/or
translation efficiency of the RNA. For example, it is known that AU-rich elements in 3’UTR
sequences can decrease the stability of mRNA. Therefore, 3° UTRs can be selected or designed
to increase the stability of the transcribed RNA based on properties of UTRs that are well known
in the art.
[0236] In one embodiment, the 5 UTR can contain the Kozak sequence of the endogenous
nucleic acid. Alternatively, when a 5° UTR that is not endogenous to the nucleic acid of interest
is being added by PCR as described above, a consensus Kozak sequence can be redesigned by
adding the 5 UTR sequence. Kozak sequences can increase the efficiency of translation of some

RNA transcripts, but does not appear to be required for all RNAs to enable efficient translation.
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The requirement for Kozak sequences for many mRNAs is known in the art. In other
embodiments the 5” UTR can be 5’UTR of an RNA virus whose RNA genome is stable in cells.
In other embodiments various nucleotide analogues can be used in the 3” or 5° UTR to impede
exonuclease degradation of the mRNA.
[0237] To enable synthesis of RNA from a DNA template without the need for gene cloning, a
promoter of transcription should be attached to the DNA template upstream of the sequence to
be transcribed. When a sequence that functions as a promoter for an RNA polymerase is added
to the 5” end of the forward primer, the RNA polymerase promoter becomes incorporated into
the PCR product upstream of the open reading frame that is to be transcribed. In one preferred
embodiment, the promoter is a T7 polymerase promoter, as described elsewhere herein. Other
useful promoters include, but are not limited to, T3 and SP6 RNA polymerase promoters.
Consensus nucleotide sequences for T7, T3 and SP6 promoters are known in the art.
[0238] In a preferred embodiment, the mRNA has both a cap on the 5’ end and a 3° poly(A) tail
which determine ribosome binding, initiation of translation and stability mRNA in the cell. On a
circular DNA template, for instance, plasmid DNA, RNA polymerase produces a long
concatameric product which is not suitable for expression in eukaryotic cells. The transcription
of plasmid DNA linearized at the end of the 3° UTR results in normal sized mRNA which is not
effective in eukaryotic transfection even if it is polyadenylated after transcription.
[0239] On a linear DNA template, phage T7 RNA polymerase can extend the 3’ end of the
transcript beyond the last base of the template (Schenborn and Mierendorf, Nuc Acids Res.,
13:6223-36 (1985); Nacheva and Berzal-Herranz, Eur. J. Biochem., 270:1485-65 (2003).
[0240] The conventional method of integration of polyA/T stretches into a DNA template is
molecular cloning. However polyA/T sequence integrated into plasmid DNA can cause plasmid
instability, which is why plasmid DNA templates obtained from bacterial cells are often highly
contaminated with deletions and other aberrations. This makes cloning procedures not only
laborious and time consuming but often not reliable. That is why a method which allows
construction of DNA templates with polyA/T 3’ stretch without cloning highly desirable.
[0241] The polyA/T segment of the transcriptional DNA template can be produced during PCR
by using a reverse primer containing a polyT tail, such as 100 T tail (size can be 50-5000 T), or
after PCR by any other method, including, but not limited to, DNA ligation or in vitro
recombination. Poly(A) tails also provide stability to RNAs and reduce their degradation.
Generally, the length of a poly(A) tail positively correlates with the stability of the transcribed
RNA. In one embodiment, the poly(A) tail is between 100 and 5000 adenosines.
[0242] Poly(A) tails of RNAs can be further extended following in vitro transcription with the
use of a poly(A) polymerase, such as E. coli polyA polymerase (E-PAP). In one embodiment,
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increasing the length of a poly(A) tail from 100 nucleotides to between 300 and 400 nucleotides

results in about a two-fold increase in the translation efficiency of the RNA. Additionally, the
attachment of different chemical groups to the 3’ end can increase mRNA stability. Such
attachment can contain modified/artificial nucleotides, aptamers and other compounds. For
example, ATP analogs can be incorporated into the poly(A) tail using poly(A) polymerase. ATP
analogs can further increase the stability of the RNA.

[0243] 5’ caps on also provide stability to RNA molecules. In a preferred embodiment, RNAs
produced by the methods disclosed herein include a 5° cap. The 5° cap is provided using
techniques known in the art and described herein (Cougot, et al., Trends in Biochem. Sci.,
29:436-444 (2001); Stepinski, et al., RNA, 7:1468-95 (2001); Elango, et al., Biochim. Biophys.
Res. Commun., 330:958-966 (2005)).

[0244] The RNAs produced by the methods disclosed herein can also contain an internal
ribosome entry site (IRES) sequence. The IRES sequence may be any viral, chromosomal or
artificially designed sequence which initiates cap-independent ribosome binding to mRNA and
facilitates the initiation of translation. Any solutes suitable for cell electroporation, which can
contain factors facilitating cellular permeability and viability such as sugars, peptides, lipids,
proteins, antioxidants, and surfactants can be included.

[0245] RNA can be introduced into target cells using any of a number of different methods, for
instance, commercially available methods which include, but are not limited to, electroporation
(Amaxa Nucleofector-II (Amaxa Biosystems, Cologne, Germany)), (ECM 830 (BTX) (Harvard
Instruments, Boston, Mass.) or the Gene Pulser II (BioRad, Denver, Colo.), Multiporator
(Eppendort, Hamburg Germany), cationic liposome mediated transfection using lipofection,
polymer encapsulation, peptide mediated transfection, or biolistic particle delivery systems such
as “gene guns” (see, for example, Nishikawa, et al. Hum Gene Ther., 12(8):861-70 (2001).
Nucleic Acid Constructs Encoding a TFP

[0246] The present invention also provides nucleic acid molecules encoding one or more TFP
constructs described herein. In one aspect, the nucleic acid molecule is provided as a messenger
RNA transcript. In one aspect, the nucleic acid molecule is provided as a DNA construct.
[0247] The nucleic acid sequences coding for the desired molecules can be obtained using
recombinant methods known in the art, such as, for example by screening libraries from cells
expressing the gene, by deriving the gene from a vector known to include the same, or by
isolating directly from cells and tissues containing the same, using standard techniques.
Alternatively, the gene of interest can be produced synthetically, rather than cloned.

[0248] The present invention also provides vectors in which a DNA of the present invention is

inserted. Vectors derived from retroviruses such as the lentivirus are suitable tools to achieve
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long-term gene transfer since they allow long-term, stable integration of a transgene and its
propagation in daughter cells. Lentiviral vectors have the added advantage over vectors derived
from onco-retroviruses such as murine leukemia viruses in that they can transduce non-
proliferating cells, such as hepatocytes. They also have the added advantage of low
immunogenicity.

[0249] In another embodiment, the vector comprising the nucleic acid encoding the desired TFP
of the invention is an adenoviral vector (A5/35). In another embodiment, the expression of
nucleic acids encoding TFPs can be accomplished using of transposons such as sleeping beauty,
crisper, CAS9, and zinc finger nucleases. See below June et al. 2009 Nature Reviews
Immunology 9.10: 704-716, is incorporated herein by reference.

[0250] The expression constructs of the present invention may also be used for nucleic acid
immunization and gene therapy, using standard gene delivery protocols. Methods for gene
delivery are known in the art (see, e.g., U.S. Pat. Nos. 5,399,346, 5,580,859, 5,589,466,
incorporated by reference herein in their entireties). In another embodiment, the invention
provides a gene therapy vector.

[0251] The nucleic acid can be cloned into a number of types of vectors. For example, the
nucleic acid can be cloned into a vector including, but not limited to a plasmid, a phagemid, a
phage derivative, an animal virus, and a cosmid. Vectors of particular interest include expression
vectors, replication vectors, probe generation vectors, and sequencing vectors.

[0252] Further, the expression vector may be provided to a cell in the form of a viral vector.
Viral vector technology is well known in the art and is described, for example, in Sambrook et
al., 2012, Molecular Cloning: A Laboratory Manual, volumes 1-4, Cold Spring Harbor Press,
NY), and in other virology and molecular biology manuals. Viruses, which are useful as vectors
include, but are not limited to, retroviruses, adenoviruses, adeno-associated viruses, herpes
viruses, and lentiviruses. In general, a suitable vector contains an origin of replication functional
in at least one organism, a promoter sequence, convenient restriction endonuclease sites, and one
or more selectable markers, (e.g., WO 01/96584; WO 01/29058; and U.S. Pat. No. 6,326,193).
[0253] A number of virally based systems have been developed for gene transfer into
mammalian cells. For example, retroviruses provide a convenient platform for gene delivery
systems. A selected gene can be inserted into a vector and packaged in retroviral particles using
techniques known in the art. The recombinant virus can then be isolated and delivered to cells of
the subject either in vivo or ex vivo. A number of retroviral systems are known in the art. In
some embodiments, adenovirus vectors are used. A number of adenovirus vectors are known in

the art. In one embodiment, lentivirus vectors are used.
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[0254] Additional promoter elements, e.g., enhancers, regulate the frequency of transcriptional
initiation. Typically, these are located in the region 30-110 bp upstream of the start site,
although a number of promoters have been shown to contain functional elements downstream of
the start site as well. The spacing between promoter elements frequently is flexible, so that
promoter function is preserved when elements are inverted or moved relative to one another. In
the thymidine kinase (tk) promoter, the spacing between promoter elements can be increased to
50 bp apart before activity begins to decline. Depending on the promoter, it appears that
individual elements can function either cooperatively or independently to activate transcription.
[0255] An example of a promoter that is capable of expressing a TFP transgene in a mammalian
T-cell is the EFla promoter. The native EFla promoter drives expression of the alpha subunit of
the elongation factor-1 complex, which is responsible for the enzymatic delivery of aminoacyl
tRNAS to the ribosome. The EFla promoter has been extensively used in mammalian expression
plasmids and has been shown to be effective in driving TFP expression from transgenes cloned
into a lentiviral vector (see, e.g., Milone et al., Mol. Ther. 17(8): 1453-1464 (2009)). Another
example of a promoter is the immediate early cytomegalovirus (CMV) promoter sequence. This
promoter sequence is a strong constitutive promoter sequence capable of driving high levels of
expression of any polynucleotide sequence operatively linked thereto. However, other
constitutive promoter sequences may also be used, including, but not limited to the simian virus
40 (SV40) early promoter, mouse mammary tumor virus (MMTV), human immunodeficiency
virus (HIV) long terminal repeat (LTR) promoter, MoMuLV promoter, an avian leukemia virus
promoter, an Epstein-Barr virus immediate early promoter, a Rous sarcoma virus promoter, as
well as human gene promoters such as, but not limited to, the actin promoter, the myosin
promoter, the elongation factor-1a promoter, the hemoglobin promoter, and the creatine kinase
promoter. Further, the invention should not be limited to the use of constitutive promoters.
Inducible promoters are also contemplated as part of the invention. The use of an inducible
promoter provides a molecular switch capable of turning on expression of the polynucleotide
sequence which it is operatively linked when such expression is desired, or turning off the
expression when expression is not desired. Examples of inducible promoters include, but are not
limited to a metallothionine promoter, a glucocorticoid promoter, a progesterone promoter, and a
tetracycline-regulated promoter.

[0256] In order to assess the expression of a TFP polypeptide or portions thereof, the expression
vector to be introduced into a cell can also contain either a selectable marker gene or a reporter
gene or both to facilitate identification and selection of expressing cells from the population of
cells sought to be transfected or infected through viral vectors. In other aspects, the selectable

marker may be carried on a separate piece of DNA and used in a co-transfection procedure. Both
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selectable markers and reporter genes may be flanked with appropriate regulatory sequences to
enable expression in the host cells. Useful selectable markers include, for example, antibiotic-
resistance genes, such as neo and the like.

[0257] Reporter genes are used for identifying potentially transfected cells and for evaluating
the functionality of regulatory sequences. In general, a reporter gene is a gene that is not present
in or expressed by the recipient organism or tissue and that encodes a polypeptide whose
expression is manifested by some easily detectable property, e.g., enzymatic activity. Expression
of the reporter gene is assayed at a suitable time after the DNA has been introduced into the
recipient cells. Suitable reporter genes may include genes encoding luciferase, beta-
galactosidase, chloramphenicol acetyl transferase, secreted alkaline phosphatase, or the green
fluorescent protein gene (e.g., Ui-Tei et al., 2000 FEBS Letters 479: 79-82). Suitable expression
systems are well known and may be prepared using known techniques or obtained
commercially. In general, the construct with the minimal 5 flanking region showing the highest
level of expression of reporter gene is identified as the promoter. Such promoter regions may be
linked to a reporter gene and used to evaluate agents for the ability to modulate promoter-driven
transcription.

[0258] Methods of introducing and expressing genes into a cell are known in the art. In the
context of an expression vector, the vector can be readily introduced into a host cell, e.g.,
mammalian, bacterial, yeast, or insect cell by any method in the art. For example, the expression
vector can be transferred into a host cell by physical, chemical, or biological means.

[0259] Physical methods for introducing a polynucleotide into a host cell include calcium
phosphate precipitation, lipofection, particle bombardment, microinjection, electroporation, and
the like. Methods for producing cells comprising vectors and/or exogenous nucleic acids are
well-known in the art. See, for example, Sambrook et al., 2012, Molecular Cloning: A
Laboratory Manual, volumes 1-4, Cold Spring Harbor Press, NY). A preferred method for the
introduction of a polynucleotide into a host cell is calcium phosphate transfection

[0260] Biological methods for introducing a polynucleotide of interest into a host cell include
the use of DNA and RNA vectors. Viral vectors, and especially retroviral vectors, have become
the most widely used method for inserting genes into mammalian, e.g., human cells. Other viral
vectors can be derived from lentivirus, poxviruses, herpes simplex virus I, adenoviruses and
adeno-associated viruses, and the like (see, e.g., U.S. Pat. Nos. 5,350,674 and 5,585,362.

[0261] Chemical means for introducing a polynucleotide into a host cell include colloidal
dispersion systems, such as macromolecule complexes, nanocapsules, microspheres, beads, and
lipid-based systems including oil-in-water emulsions, micelles, mixed micelles, and liposomes.

An exemplary colloidal system for use as a delivery vehicle in vitro and in vivo is a liposome
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(e.g., an artificial membrane vesicle). Other methods of state-of-the-art targeted delivery of
nucleic acids are available, such as delivery of polynucleotides with targeted nanoparticles or
other suitable sub-micron sized delivery system.

[0262] In the case where a non-viral delivery system is utilized, an exemplary delivery vehicle is
a liposome. The use of lipid formulations is contemplated for the introduction of the nucleic
acids into a host cell (in vitro, ex vivo or in vivo). In another aspect, the nucleic acid may be
associated with a lipid. The nucleic acid associated with a lipid may be encapsulated in the
aqueous interior of a liposome, interspersed within the lipid bilayer of a liposome, attached to a
liposome via a linking molecule that is associated with both the liposome and the
oligonucleotide, entrapped in a liposome, complexed with a liposome, dispersed in a solution
containing a lipid, mixed with a lipid, combined with a lipid, contained as a suspension in a
lipid, contained or complexed with a micelle, or otherwise associated with a lipid. Lipid,
lipid/DNA or lipid/expression vector associated compositions are not limited to any particular
structure in solution. For example, they may be present in a bilayer structure, as micelles, or
with a “collapsed” structure. They may also simply be interspersed in a solution, possibly
forming aggregates that are not uniform in size or shape. Lipids are fatty substances which may
be naturally occurring or synthetic lipids. For example, lipids include the fatty droplets that
naturally occur in the cytoplasm as well as the class of compounds which contain long-chain
aliphatic hydrocarbons and their derivatives, such as fatty acids, alcohols, amines, amino
alcohols, and aldehydes.

[0263] Lipids suitable for use can be obtained from commercial sources. For example,
dimyristyl phosphatidylcholine (“DMPC”) can be obtained from Sigma, St. Louis, Mo.; dicetyl
phosphate (“DCP”) can be obtained from K & K Laboratories (Plainview, N.Y"); cholesterol
(“Choi”) can be obtained from Calbiochem-Behring; dimyristyl phosphatidylglycerol
(“DMPG”) and other lipids may be obtained from Avanti Polar Lipids, Inc. (Birmingham, Ala.).
Stock solutions of lipids in chloroform or chloroform/methanol can be stored at about -20 °C.
Chloroform is used as the only solvent since it is more readily evaporated than methanol.
“Liposome” is a generic term encompassing a variety of single and multilamellar lipid vehicles
formed by the generation of enclosed lipid bilayers or aggregates. Liposomes can be
characterized as having vesicular structures with a phospholipid bilayer membrane and an inner
aqueous medium. Multilamellar liposomes have multiple lipid layers separated by aqueous
medium. They form spontaneously when phospholipids are suspended in an excess of aqueous
solution. The lipid components undergo self-rearrangement before the formation of closed
structures and entrap water and dissolved solutes between the lipid bilayers (Ghosh et al., 1991

Glycobiology 5: 505-10). However, compositions that have different structures in solution than
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the normal vesicular structure are also encompassed. For example, the lipids may assume a
micellar structure or merely exist as nonuniform aggregates of lipid molecules. Also
contemplated are lipofectamine-nucleic acid complexes.

[0264] Regardless of the method used to introduce exogenous nucleic acids into a host cell or
otherwise expose a cell to the inhibitor of the present invention, in order to confirm the presence
of the recombinant DNA sequence in the host cell, a variety of assays may be performed. Such
assays include, for example, “molecular biological” assays well known to those of skill in the
art, such as Southern and Northern blotting, RT-PCR and PCR; “biochemical” assays, such as
detecting the presence or absence of a particular peptide, e.g., by immunological means (ELISAs
and Western blots) or by assays described herein to identify agents falling within the scope of
the invention.

[0265] The present invention further provides a vector comprising a TFP encoding nucleic acid
molecule. In one aspect, a TFP vector can be directly transduced into a cell, e.g., a T-cell. In one
aspect, the vector is a cloning or expression vector, e.g., a vector including, but not limited to,
one or more plasmids (e.g., expression plasmids, cloning vectors, minicircles, minivectors,
double minute chromosomes), retroviral and lentiviral vector constructs. In one aspect, the
vector is capable of expressing the TFP construct in mammalian T-cells. In one aspect, the
mammalian T-cell is a human T-cell.

Sources of T-cells

[0266] Prior to expansion and genetic modification, a source of T-cells is obtained from a
subject. The term “subject” is intended to include living organisms in which an immune
response can be elicited (e.g., mammals). Examples of subjects include humans, dogs, cats,
mice, rats, and transgenic species thereof. T-cells can be obtained from a number of sources,
including peripheral blood mononuclear cells, bone marrow, lymph node tissue, cord blood,
thymus tissue, tissue from a site of infection, ascites, pleural effusion, spleen tissue, and tumors.
In certain aspects of the present invention, any number of T-cell lines available in the art, may
be used. In certain aspects of the present invention, T-cells can be obtained from a unit of blood
collected from a subject using any number of techniques known to the skilled artisan, such as
Ficoll™ separation. In one preferred aspect, cells from the circulating blood of an individual are
obtained by apheresis. The apheresis product typically contains lymphocytes, including T-cells,
monocytes, granulocytes, B cells, other nucleated white blood cells, red blood cells, and
platelets. In one aspect, the cells collected by apheresis may be washed to remove the plasma
fraction and to place the cells in an appropriate buffer or media for subsequent processing steps.
In one aspect of the invention, the cells are washed with phosphate buffered saline (PBS). In an

alternative aspect, the wash solution lacks calcium and may lack magnesium or may lack many
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if not all divalent cations. Initial activation steps in the absence of calcium can lead to magnified
activation. As those of ordinary skill in the art would readily appreciate a washing step may be
accomplished by methods known to those in the art, such as by using a semi-automated “flow-
through” centrifuge (for example, the Cobe 2991 cell processor, the Baxter CytoMate, or the
Haemonetics Cell Saver 5) according to the manufacturer’s instructions. After washing, the cells
may be resuspended in a variety of biocompatible buffers, such as, for example, Ca-free, Mg-
free PBS, Plasmalyte A, or other saline solution with or without buffer. Alternatively, the
undesirable components of the apheresis sample may be removed and the cells directly
resuspended in culture media.

[0267] In one aspect, T-cells are isolated from peripheral blood lymphocytes by lysing the red
blood cells and depleting the monocytes, for example, by centrifugation through a
PERCOLLTM gradient or by counterflow centrifugal elutriation. A specific subpopulation of T-
cells, such as CD3+, CD28+, CD4+, CD8+, CD45RA+, and CD45RO+ T-cells, can be further
isolated by positive or negative selection techniques. For example, in one aspect, T-cells are
isolated by incubation with anti-CD3/anti-CD28 (e.g., 3x28)-conjugated beads, such as
DYNABEADS™ M-450 CD3/CD28 T, for a time period sufficient for positive selection of the
desired T-cells. In one aspect, the time period is about 30 minutes. In a further aspect, the time
period ranges from 30 minutes to 36 hours or longer and all integer values there between. In a
further aspect, the time period is at least 1, 2, 3, 4, 5, or 6 hours. In yet another preferred aspect,
the time period is 10 to 24 hours. In one aspect, the incubation time period is 24 hours. Longer
incubation times may be used to isolate T-cells in any situation where there are few T-cells as
compared to other cell types, such in isolating tumor infiltrating lymphocytes (TIL) from tumor
tissue or from immunocompromised individuals. Further, use of longer incubation times can
increase the efficiency of capture of CD8+ T-cells. Thus, by simply shortening or lengthening
the time T-cells are allowed to bind to the CD3/CD28 beads and/or by increasing or decreasing
the ratio of beads to T-cells (as described further herein), subpopulations of T-cells can be
preferentially selected for or against at culture initiation or at other time points during the
process. Additionally, by increasing or decreasing the ratio of anti-CD3 and/or anti-CD28
antibodies on the beads or other surface, subpopulations of T-cells can be preferentially selected
for or against at culture initiation or at other desired time points. The skilled artisan would
recognize that multiple rounds of selection can also be used in the context of this invention. In
certain aspects, it may be desirable to perform the selection procedure and use the “unselected”
cells in the activation and expansion process. “Unselected” cells can also be subjected to further

rounds of selection.
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[0268] Enrichment of a T-cell population by negative selection can be accomplished with a
combination of antibodies directed to surface markers unique to the negatively selected cells.
One method is cell sorting and/or selection via negative magnetic immunoadherence or flow
cytometry that uses a cocktail of monoclonal antibodies directed to cell surface markers present
on the cells negatively selected. For example, to enrich for CD4+ cells by negative selection, a
monoclonal antibody cocktail typically includes antibodies to CD14, CD20, CD11b, CD16,
HLA-DR, and CDS8. In certain aspects, it may be desirable to enrich for or positively select for
regulatory T-cells which typically express CD4+, CD25+, CD62Lhi, GITR+, and FoxP3+.
Alternatively, in certain aspects, T regulatory cells are depleted by anti-C25 conjugated beads or
other similar method of selection.

[0269] In one embodiment, a T-cell population can be selected that expresses one or more of
IFN-y, TNF-alpha, IL-17A, IL-2, IL-3, IL-4, GM-CSF, IL-10, IL-13, granzyme B, and perforin,
or other appropriate molecules, e.g., other cytokines. Methods for screening for cell expression
can be determined, e.g., by the methods described in PCT Publication No.: WO 2013/126712.
[0270] For isolation of a desired population of cells by positive or negative selection, the
concentration of cells and surface (e.g., particles such as beads) can be varied. In certain aspects,
it may be desirable to significantly decrease the volume in which beads and cells are mixed
together (e.g., increase the concentration of cells), to ensure maximum contact of cells and
beads. For example, in one aspect, a concentration of 2 billion cells/mL is used. In one aspect, a
concentration of 1 billion cells/mL is used. In a further aspect, greater than 100 million cells/mL
is used. In a further aspect, a concentration of cells of 10, 15, 20, 25, 30, 35, 40, 45, or 50
million cells/mL is used. In yet one aspect, a concentration of cells from 75, 80, 85, 90, 95, or
100 million cells/mL is used. In further aspects, concentrations of 125 or 150 million cells/mL
can be used. Using high concentrations can result in increased cell yield, cell activation, and cell
expansion. Further, use of high cell concentrations allows more efficient capture of cells that
may weakly express target antigens of interest, such as CD28-negative T-cells, or from samples
where there are many tumor cells present (e.g., leukemic blood, tumor tissue, etc.). Such
populations of cells may have therapeutic value and would be desirable to obtain. For example,
using high concentration of cells allows more efficient selection of CD8+ T-cells that normally
have weaker CD28 expression.

[0271] In a related aspect, it may be desirable to use lower concentrations of cells. By
significantly diluting the mixture of T-cells and surface (e.g., particles such as beads),
interactions between the particles and cells is minimized. This selects for cells that express high
amounts of desired antigens to be bound to the particles. For example, CD4+ T-cells express

higher levels of CD28 and are more efficiently captured than CD8+ T-cells in dilute
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concentrations. In one aspect, the concentration of cells used is 5x10°/mL. In other aspects, the
concentration used can be from about 1x10°/mL to 1x10°/mL, and any integer value in between.
In other aspects, the cells may be incubated on a rotator for varying lengths of time at varying
speeds at either 2-10 °C or at room temperature.

[0272] T-cells for stimulation can also be frozen after a washing step. Wishing not to be bound
by theory, the freeze and subsequent thaw step provides a more uniform product by removing
granulocytes and to some extent monocytes in the cell population. After the washing step that
removes plasma and platelets, the cells may be suspended in a freezing solution. While many
freezing solutions and parameters are known in the art and will be useful in this context, one
method involves using PBS containing 20% DMSO and 8% human serum albumin, or culture
media containing 10% Dextran 40 and 5% Dextrose, 20% Human Serum Albumin and 7.5%
DMSO, or 31.25% Plasmalyte-A, 31.25% Dextrose 5%, 0.45% NaCl, 10% Dextran 40 and 5%
Dextrose, 20% Human Serum Albumin, and 7.5% DMSO or other suitable cell freezing media
containing for example, Hespan and Plasmalyte A, the cells then are frozen to -80 °C at a rate
of 1 per minute and stored in the vapor phase of a liquid nitrogen storage tank. Other methods of
controlled freezing may be used as well as uncontrolled freezing immediately at -20 °C or in
liquid nitrogen. In certain aspects, cryopreserved cells are thawed and washed as described
herein and allowed to rest for one hour at room temperature prior to activation using the
methods of the present invention.

[0273] Also contemplated in the context of the invention is the collection of blood samples or
apheresis product from a subject at a time period prior to when the expanded cells as described
herein might be needed. As such, the source of the cells to be expanded can be collected at any
time point necessary, and desired cells, such as T-cells, isolated and frozen for later use in T-cell
therapy for any number of diseases or conditions that would benefit from T-cell therapy, such as
those described herein. In one aspect a blood sample or an apheresis is taken from a generally
healthy subject. In certain aspects, a blood sample or an apheresis is taken from a generally
healthy subject who is at risk of developing a disease, but who has not yet developed a disease,
and the cells of interest are isolated and frozen for later use. In certain aspects, the T-cells may
be expanded, frozen, and used at a later time. In certain aspects, samples are collected from a
patient shortly after diagnosis of a particular disease as described herein but prior to any
treatments. In a further aspect, the cells are isolated from a blood sample or an apheresis from a
subject prior to any number of relevant treatment modalities, including but not limited to
treatment with agents such as natalizumab, efalizumab, antiviral agents, chemotherapy,
radiation, immunosuppressive agents, such as cyclosporin, azathioprine, methotrexate,

mycophenolate, and FK506, antibodies, or other immunoablative agents such as CAMPATH,
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anti-CD3 antibodies, cytoxan, fludarabine, cyclosporin, FK506, rapamycin, mycophenolic acid,
steroids, FR901228, and irradiation.

[0274] In a further aspect of the present invention, T-cells are obtained from a patient directly
following treatment that leaves the subject with functional T-cells. In this regard, it has been
observed that following certain cancer treatments, in particular treatments with drugs that
damage the immune system, shortly after treatment during the period when patients would
normally be recovering from the treatment, the quality of T-cells obtained may be optimal or
improved for their ability to expand ex vivo. Likewise, following ex vivo manipulation using the
methods described herein, these cells may be in a preferred state for enhanced engraftment and
in vivo expansion. Thus, it is contemplated within the context of the present invention to collect
blood cells, including T-cells, dendritic cells, or other cells of the hematopoietic lineage, during
this recovery phase. Further, in certain aspects, mobilization (for example, mobilization with
GM-CSF) and conditioning regimens can be used to create a condition in a subject wherein
repopulation, recirculation, regeneration, and/or expansion of particular cell types is favored,
especially during a defined window of time following therapy. Illustrative cell types include T-
cells, B cells, dendritic cells, and other cells of the immune system.

Activation and Expansion of T Cells

[0275] T-cells may be activated and expanded generally using methods as described, for
example, in U.S. Pat. Nos. 6,352,694; 6,534,055; 6,905,680; 6,692,964; 5,858,358; 6,887,466;
6,905,681; 7,144,575; 7,067,318; 7,172,869; 7,232,566 7,175,843 5,883,223: 6,905,874
6,797,514; 6,867,041, and U.S. Patent Application Publication No. 20060121005.

[0276] Generally, the T-cells of the invention may be expanded by contact with a surface having
attached thereto an agent that stimulates a CD3/TCR complex associated signal and a ligand that
stimulates a costimulatory molecule on the surface of the T-cells. In particular, T-cell
populations may be stimulated as described herein, such as by contact with an anti-CD3
antibody, or antigen-binding fragment thereof, or an anti-CD2 antibody immobilized on a
surface, or by contact with a protein kinase C activator (e.g., bryostatin) in conjunction with a
calcium ionophore. For co-stimulation of an accessory molecule on the surface of the T-cells, a
ligand that binds the accessory molecule is used. For example, a population of T-cells can be
contacted with an anti-CD3 antibody and an anti-CD28 antibody, under conditions appropriate
for stimulating proliferation of the T-cells. To stimulate proliferation of either CD4+ T-cells or
CD8+ T-cells, an anti-CD3 antibody and an anti-CD28 antibody. Examples of an anti-CD28
antibody include 9.3, B-T3, XR-CD28 (Diaclone, Besancon, France) can be used as can other
methods commonly known in the art (Berg et al., Transplant Proc. 30(8):3975-3977, 1998;
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Haanen et al., J. Exp. Med. 190(9):13191328, 1999; Garland et al., J. Immunol. Meth. 227(1-

2):53-63, 1999).

[0277] T-cells that have been exposed to varied stimulation times may exhibit different
characteristics. For example, typical blood or apheresed peripheral blood mononuclear cell
products have a helper T-cell population (TH, CD4+) that is greater than the cytotoxic or
suppressor T-cell population (TC, CD8+). Ex vivo expansion of T-cells by stimulating CD3 and
CD28 receptors produces a population of T-cells that prior to about days 8-9 consists
predominately of TH cells, while after about days 8-9, the population of T-cells comprises an
increasingly greater population of TC cells. Accordingly, depending on the purpose of treatment,
infusing a subject with a T-cell population comprising predominately of TH cells may be
advantageous. Similarly, if an antigen-specific subset of TC cells has been isolated it may be
beneficial to expand this subset to a greater degree.

[0278] Further, in addition to CD4 and CD8 markers, other phenotypic markers vary
significantly, but in large part, reproducibly during the course of the cell expansion process.
Thus, such reproducibility enables the ability to tailor an activated T-cell product for specific
purposes.

[0279] Once an anti-CD19 or anti-BCMA TFP is constructed, various assays can be used to
evaluate the activity of the molecule, such as but not limited to, the ability to expand T-cells
following antigen stimulation, sustain T-cell expansion in the absence of re-stimulation, and
anti-cancer activities in appropriate in vifro and animal models. Assays to evaluate the effects of
an anti-CD19 or anti-BCMA TFP are described in further detail below

[0280] Western blot analysis of TFP expression in primary T-cells can be used to detect the
presence of monomers and dimers (see, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464
(2009)). Very briefly, T-cells (1:1 mixture of CD4 " and CD8" T-cells) expressing the TFPs are
expanded in vifro for more than 10 days followed by lysis and SDS-PAGE under reducing
conditions. TFPs are detected by Western blotting using an antibody to a TCR chain. The same
T-cell subsets are used for SDS-PAGE analysis under non-reducing conditions to permit
evaluation of covalent dimer formation.

[0281] /n vitro expansion of TFP" T-cells following antigen stimulation can be measured by
flow cytometry. For example, a mixture of CD4 " and CD8" T-cells are stimulated with
alphaCD3/alphaCD28 and APCs followed by transduction with lentiviral vectors expressing
GFP under the control of the promoters to be analyzed. Exemplary promoters include the CMV
IE gene, EF-1alpha, ubiquitin C, or phosphoglycerokinase (PGK) promoters. GFP fluorescence
is evaluated on day 6 of culture in the CD4+ and/or CD8+ T-cell subsets by flow cytometry (see,
e.g., Milone et al., Molecular Therapy 17(8): 1453-1464 (2009)). Alternatively, a mixture of
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CD4+ and CD8+ T-cells are stimulated with alphaCD3/alphaCD28 coated magnetic beads on

day 0, and transduced with TFP on day 1 using a bicistronic lentiviral vector expressing TFP
along with eGFP using a 2A ribosomal skipping sequence. Cultures are re-stimulated with either
CD19+ K562 cells (K562-CD19), wild-type K562 cells (K562 wild type) or K562 cells
expressing hCD32 and 4-1BBL in the presence of antiCD3 and anti-CD28 antibody (K562-
BBL-3/28) following washing. Exogenous IL-2 is added to the cultures every other day at 100
IU/mL. GFP+ T-cells are enumerated by flow cytometry using bead-based counting (see, e.g.,
Milone et al., Molecular Therapy 17(8): 1453-1464 (2009)).

[0282] Sustained TFP+ T-cell expansion in the absence of re-stimulation can also be measured
(see, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464 (2009)). Briefly, mean T-cell
volume (f1) is measured on day 8 of culture using a Coulter Multisizer III particle counter
following stimulation with alphaCD3/alphaCD28 coated magnetic beads on day 0, and
transduction with the indicated TFP on day 1.

[0283] Animal models can also be used to measure a TFP-T activity. For example, xenograft
model using human CD19-specific TFP+ T-cells to treat a primary human pre-B ALL in
immunodeficient mice can be used (see, e.g., Milone et al., Molecular Therapy 17(8): 1453-1464
(2009)). Very briefly, after establishment of ALL, mice are randomized as to treatment groups.
Different numbers of engineered T-cells are coinjected at a 1:1 ratio into NOD/SCID/y-/- mice
bearing B-ALL. The number of copies of each vector in spleen DNA from mice is evaluated at
various times following T-cell injection. Animals are assessed for leukemia at weekly intervals.
Peripheral blood CD19+ B-ALL blast cell counts are measured in mice that are injected with
alphaCD19-zeta TFP+ T-cells or mock-transduced T-cells. Survival curves for the groups are
compared using the log-rank test. In addition, absolute peripheral blood CD4+ and CD8+ T-cell
counts 4 weeks following T-cell injection in NOD/SCID/y-/- mice can also be analyzed. Mice
are injected with leukemic cells and 3 weeks later are injected with T-cells engineered to express
TFP by a bicistronic lentiviral vector that encodes the TFP linked to eGFP. T-cells are
normalized to 45-50% input GFP+ T-cells by mixing with mock-transduced cells prior to
injection, and confirmed by flow cytometry. Animals are assessed for leukemia at 1-week
intervals. Survival curves for the TFP+ T-cell groups are compared using the log-rank test.
[0284] Dose dependent TFP treatment response can be evaluated (see, e.g., Milone et al
Molecular Therapy 17(8): 1453-1464 (2009)). For example, peripheral blood is obtained 35-70
days after establishing leukemia in mice injected on day 21 with TFP T-cells, an equivalent
number of mock-transduced T-cells, or no T-cells. Mice from each group are randomly bled for
determination of peripheral blood CD19+ ALL blast counts and then killed on days 35 and 49.

The remaining animals are evaluated on days 57 and 70.
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[0285] Assessment of cell proliferation and cytokine production has been previously described,
e.g., at Milone et al., Molecular Therapy 17(8): 1453-1464 (2009). Briefly, assessment of TFP-
mediated proliferation is performed in microtiter plates by mixing washed T-cells with K562
cells expressing CD19 (K19) or CD32 and CD137 (KT32-BBL) for a final T-cell: K562 ratio of
2:1. K562 cells are irradiated with gamma-radiation prior to use. Anti-CD3 (clone OKT3) and
anti-CD28 (clone 9.3) monoclonal antibodies are added to cultures with KT32-BBL cells to
serve as a positive control for stimulating T-cell proliferation since these signals support long-
term CD8+ T-cell expansion ex vivo. T-cells are enumerated in cultures using CountBright ™
fluorescent beads (Invitrogen) and flow cytometry as described by the manufacturer. TFP+ T-
cells are identified by GFP expression using T-cells that are engineered with eGFP-2A linked
TFP-expressing lentiviral vectors. For TFP+ T-cells not expressing GFP, the TFP+ T-cells are
detected with biotinylated recombinant CD19 protein and a secondary avidin-PE conjugate.
CD4+ and CD8+ expression on T-cells are also simultaneously detected with specific
monoclonal antibodies (BD Biosciences). Cytokine measurements are performed on
supernatants collected 24 hours following re-stimulation using the human TH1/TH2 cytokine
cytometric bead array kit (BD Biosciences) according the manufacturer’s instructions.
Fluorescence is assessed using a FACScalibur flow cytometer, and data is analyzed according to
the manufacturer’s instructions.

[0286] Cytotoxicity can be assessed by a standard *'Cr-release assay (see, e.g., Milone et al.,
Molecular Therapy 17(8): 1453-1464 (2009)). Briefly, target cells (K562 lines and primary pro-
B-ALL cells) are loaded with *'Cr (as NaCrO,, New England Nuclear) at 37 °C for 2 hours with
frequent agitation, washed twice in complete RPMI and plated into microtiter plates. Effector T-
cells are mixed with target cells in the wells in complete RPMI at varying ratios of effector
cell:target cell (E:T). Additional wells containing media only (spontaneous release, SR) or a 1%
solution of triton-X 100 detergent (total release, TR) are also prepared. After 4 hours of
incubation at 37 °C, supernatant from each well is harvested. Released *'Cr is then measured
using a gamma particle counter (Packard Instrument Co., Waltham, Mass.). Each condition is
performed in at least triplicate, and the percentage of lysis is calculated using the formula: %
Lysis=(ER-SR)/(TR-SR), where ER represents the average ' Cr released for each experimental
condition.

[0287] Imaging technologies can be used to evaluate specific trafficking and proliferation of
TFPs in tumor-bearing animal models. Such assays have been described, e.g., in Barrett et al .,
Human Gene Therapy 22:1575-1586 (2011). Briefly, NOD/SCID/yc-/- (NSG) mice are injected
IV with Nalm-6 cells followed 7 days later with T-cells 4 hour after electroporation with the

TFP constructs. The T-cells are stably transfected with a lentiviral construct to express firefly
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luciferase, and mice are imaged for bioluminescence. Alternatively, therapeutic efficacy and
specificity of a single injection of TFP+ T-cells in Nalm-6 xenograft model can be measured as
the following: NSG mice are injected with Nalm-6 transduced to stably express firefly
luciferase, followed by a single tail-vein injection of T-cells electroporated with CD19 TFP 7
days later. Animals are imaged at various time points post injection. For example, photon-
density heat maps of firefly luciferase positive leukemia in representative mice at day 5 (2 days
before treatment) and day 8 (24 hours post TFP+ PBLs) can be generated.

[0288] Other assays, including those described in the Example section herein as well as those
that are known in the art can also be used to evaluate the anti-CD19 or anti-BCMA TFP
constructs of the invention.

Therapeutic Applications

CD19 or BCMA Associated Diseases and/or Disorders

[0289] In one aspect, the invention provides methods for treating a disease associated with
CD19 or BCMA expression. In one aspect, the invention provides methods for treating a disease
wherein part of the tumor is negative for CD19 or BCMA and part of the tumor is positive for
CD19 or BCMA. For example, the TFP of the invention is useful for treating subjects that have
undergone treatment for a disease associated with elevated expression of CD19 or BCMA,
wherein the subject that has undergone treatment for elevated levels of CD19 or BCMA exhibits
a disease associated with elevated levels of CD19 or BCMA.

[0290] In one aspect, the invention pertains to a vector comprising anti-CD19 or BCMA TFP
operably linked to promoter for expression in mammalian T-cells. In one aspect, the invention
provides a recombinant T-cell expressing the CD19 or BCMA TFP for use in treating CD19- or
BCMA- expressing tumors, wherein the recombinant T-cell expressing the CD19 or BCMA TFP
is termed a CD19 or BCMA TFP-T. In one aspect, the CD19 or BCMA TFP-T of the invention
is capable of contacting a tumor cell with at least one CD19 or BCMA TFP of the invention
expressed on its surface such that the TFP-T targets the tumor cell and growth of the tumor is
inhibited.

[0291] In one aspect, the invention pertains to a method of inhibiting growth of a CD19- or
BCMA- expressing tumor cell, comprising contacting the tumor cell with a CD19 or BCMA
TFP T-cell of the present invention such that the TFP-T is activated in response to the antigen
and targets the cancer cell, wherein the growth of the tumor is inhibited.

[0292] In one aspect, the invention pertains to a method of treating cancer in a subject. The
method comprises administering to the subject a CD19 or BCMA TFP T-cell of the present
invention such that the cancer is treated in the subject. An example of a cancer that is treatable

by the CD19 or BCMA TFP T-cell of the invention is a cancer associated with expression of
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CD19 or BCMA. In one aspect, the cancer associated with expression of CD19 or BCMA is a

hematological cancer. In one aspect, the hematological cancer is leukemia or lymphoma. In one
aspect, a cancer associated with expression of CD19 includes cancers and malignancies
including, but not limited to, e.g., one or more acute leukemias including but not limited to, e.g.,
B-cell acute Lymphoid Leukemia (“BALL”), T-cell acute Lymphoid Leukemia (“TALL”), acute
lymphoid leukemia (ALL); one or more chronic leukemias including but not limited to, e.g.,
chronic myelogenous leukemia (CML), Chronic Lymphoid Leukemia (CLL). Additional cancers
or hematologic conditions associated with expression of CD19 or BCMA include, but are not
limited to, e.g., B cell prolymphocytic leukemia, blastic plasmacytoid dendritic cell neoplasm,
Burkitt’s lymphoma, diffuse large B cell lymphoma, Follicular lymphoma, Hairy cell leukemia,
small cell- or a large cell-follicular lymphoma, malignant lymphoproliferative conditions,
MALT lymphoma, mantle cell lymphoma, Marginal zone lymphoma, multiple myeloma,
myelodysplasia and myelodysplastic syndrome, non-Hodgkin’s lymphoma, plasmablastic
lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom macroglobulinemia, and
“preleukemia” which are a diverse collection of hematological conditions united by ineffective
production (or dysplasia) of myeloid blood cells, and the like. Further a disease associated with
CD19 or BCMA expression include, but not limited to, e.g., atypical and/or non-classical
cancers, malignancies, precancerous conditions or proliferative diseases associated with
expression of CD19 or BCMA.

[0293] In some embodiments, a cancer that can be treated with a CD19 or BCMA TFP, e.g.,
described herein, is multiple myeloma. Multiple myeloma is a cancer of the blood, characterized
by accumulation of a plasma cell clone in the bone marrow. Current therapies for multiple
myeloma include, but are not limited to, treatment with lenalidomide, which is an analog of
thalidomide. Lenalidomide has activities which include anti-tumor activity, angiogenesis
inhibition, and immunomodulation. Generally, myeloma cells are thought to be negative for
CD19 or BCMA expression by flow cytometry. The present invention encompasses the
recognition that a small percent of myeloma tumor cells express CD19 or BCMA. Thus, in some
embodiments, a C19 or BCMA TFP, e.g., as described herein, may be used to target myeloma
cells. In some embodiments, CD19 or BCMA TFP therapy can be used in combination with one
or more additional therapies, e.g., lenalidomide treatment.

[0294] The invention includes a type of cellular therapy where T-cells are genetically modified
to express a TFP and the TFP-expressing T-cell is infused to a recipient in need thereof. The
infused cell is able to kill tumor cells in the recipient. Unlike antibody therapies, TFP-expressing
T-cells are able to replicate in vivo resulting in long-term persistence that can lead to sustained

tumor control. In various aspects, the T-cells administered to the patient, or their progeny,
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persist in the patient for at least four months, five months, six months, seven months, eight
months, nine months, ten months, eleven months, twelve months, thirteen months, fourteen
month, fifteen months, sixteen months, seventeen months, eighteen months, nineteen months,
twenty months, twenty-one months, twenty-two months, twenty-three months, two years, three
years, four years, or five years after administration of the T-cell to the patient.

[0295] The invention also includes a type of cellular therapy where T-cells are modified, e.g., by
in vitro transcribed RNA, to transiently express a TFP and the TFP-expressing T-cell is infused
to a recipient in need thereof. The infused cell is able to kill tumor cells in the recipient. Thus, in
various aspects, the T-cells administered to the patient, is present for less than one month, e.g.,
three weeks, two weeks, or one week, after administration of the T-cell to the patient.

[0296] Without wishing to be bound by any particular theory, the anti-tumor immunity response
elicited by the TFP-expressing T-cells may be an active or a passive immune response, or
alternatively may be due to a direct vs indirect immune response. In one aspect, the TFP
transduced T-cells exhibit specific proinflammatory cytokine secretion and potent cytolytic
activity in response to human cancer cells expressing the CD19 or BCMA antigen, resist soluble
CD19 or BCMA inhibition, mediate bystander killing and mediate regression of an established
human tumor. For example, antigen-less tumor cells within a heterogeneous field of CD19-
expressing or BCMA-expressing tumor may be susceptible to indirect destruction by CD19-
redirected or BCMA-redirectedT-cells that has previously reacted against adjacent antigen-
positive cancer cells.

[0297] In one aspect, the human TFP-modified T-cells of the invention may be a type of vaccine
for ex vivo immunization and/or in vivo therapy in a mammal. In one aspect, the mammal is a
human.

[0298] With respect to ex vivo immunization, at least one of the following occurs in vitro prior
to administering the cell into a mammal: 1) expansion of the cells, ii) introducing a nucleic acid
encoding a TFP to the cells or iii) cryopreservation of the cells.

[0299] Ex vivo procedures are well known in the art and are discussed more fully below. Briefly,
cells are isolated from a mammal (e.g., a human) and genetically modified (i.e., transduced or
transfected in vitro) with a vector expressing a TFP disclosed herein. The TFP-modified cell can
be administered to a mammalian recipient to provide a therapeutic benefit. The mammalian
recipient may be a human and the TFP-modified cell can be autologous with respect to the
recipient. Alternatively, the cells can be allogeneic, syngeneic or xenogeneic with respect to the
recipient.

[0300] The procedure for ex vivo expansion of hematopoietic stem and progenitor cells is

described in U.S. Pat. No. 5,199,942, incorporated herein by reference, can be applied to the
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cells of the present invention. Other suitable methods are known in the art, therefore the present
invention is not limited to any particular method of ex vivo expansion of the cells. Briefly, ex
vivo culture and expansion of T-cells comprises: (1) collecting CD34+ hematopoietic stem and
progenitor cells from a mammal from peripheral blood harvest or bone marrow explants; and (2)
expanding such cells ex vivo. In addition to the cellular growth factors described in U.S. Pat. No.
5,199,942, other factors such as flt3-L, IL-1, IL-3 and c-kit ligand, can be used for culturing and
expansion of the cells.

[0301] In addition to using a cell-based vaccine in terms of ex vivo immunization, the present
invention also provides compositions and methods for in vivo immunization to elicit an immune
response directed against an antigen in a patient.

[0302] Generally, the cells activated and expanded as described herein may be utilized in the
treatment and prevention of diseases that arise in individuals who are immunocompromised. In
particular, the TFP-modified T-cells of the invention are used in the treatment of diseases,
disorders and conditions associated with expression of CD19 or BCMA. In certain aspects, the
cells of the invention are used in the treatment of patients at risk for developing diseases,
disorders and conditions associated with expression of CD19 or BCMA. Thus, the present
invention provides methods for the treatment or prevention of diseases, disorders and conditions
associated with expression of CD19 or BCMA comprising administering to a subject in need
thereof, a therapeutically effective amount of the TFP-modified T-cells of the invention.

[0303] In one aspect the TFP-T-cells of the inventions may be used to treat a proliferative
disease such as a cancer or malignancy or is a precancerous condition such as a myelodysplasia,
a myelodysplastic syndrome or a preleukemia. In one aspect, the cancer is a hematological
cancer. In one aspect, the hematological cancer is leukemia or lymphoma. In one aspect, the
TFP-T-cells of the invention may be used to treat cancers and malignancies such as, but not
limited to, e.g., acute leukemias including but not limited to, e.g., B-cell acute lymphoid
leukemia (“BALL”), T-cell acute lymphoid leukemia (“TALL”), acute lymphoid leukemia
(ALL); one or more chronic leukemias including but not limited to, e.g., chronic myelogenous
leukemia (CML), chronic lymphocytic leukemia (CLL); additional hematologic cancers or
hematologic conditions including, but not limited to, e.g., B cell prolymphocytic leukemia,
blastic plasmacytoid dendritic cell neoplasm, Burkitt’s lymphoma, diffuse large B cell
lymphoma, Follicular lymphoma, Hairy cell leukemia, small cell- or a large cell-follicular
lymphoma, malignant lymphoproliferative conditions, MALT lymphoma, mantle cell
lymphoma, Marginal zone lymphoma, multiple myeloma, myelodysplasia and myelodysplastic
syndrome, non-Hodgkin’s lymphoma, plasmablastic lymphoma, plasmacytoid dendritic cell

neoplasm, Waldenstrom macroglobulinemia, and “preleukemia” which are a diverse collection
2 2
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of hematological conditions united by ineffective production (or dysplasia) of myeloid blood
cells, and the like. Further a disease associated with CD19 or BCMA expression include, but not
limited to, e.g., atypical and/or non-classical cancers, malignancies, precancerous conditions or
proliferative diseases expressing CD19 or BCMA. Non-cancer related indications associated
with expression of CD19 or BCMA include, but are not limited to, e.g., autoimmune disease,
(e.g., lupus), inflammatory disorders (allergy and asthma) and transplantation.
[0304] The TFP-modified T-cells of the present invention may be administered either alone, or
as a pharmaceutical composition in combination with diluents and/or with other components
such as IL-2 or other cytokines or cell populations.
Hematologic Cancer
[0305] Hematological cancer conditions are the types of cancer such as leukemia and malignant
lymphoproliferative conditions that affect blood, bone marrow and the lymphatic system.
[0306] Leukemia can be classified as acute leukemia and chronic leukemia. Acute leukemia can
be further classified as acute myelogenous leukemia (AML) and acute lymphoid leukemia
(ALL). Chronic leukemia includes chronic myelogenous leukemia (CML) and chronic lymphoid
leukemia (CLL). Other related conditions include myelodysplastic syndromes (MDS, formerly
known as “preleukemia”) which are a diverse collection of hematological conditions united by
ineffective production (or dysplasia) of myeloid blood cells and risk of transformation to AML.
[0307] The present invention provides for compositions and methods for treating cancer. In one
aspect, the cancer is a hematologic cancer including but is not limited to hematological cancer is
a leukemia or a lymphoma. In one aspect, the TFP-T-cells of the invention may be used to treat
cancers and malignancies such as, but not limited to, e.g., acute leukemias including but not
limited to, e.g., B-cell acute lymphoid leukemia (“BALL”), T-cell acute lymphoid leukemia
(“TALL”), acute lymphoid leukemia (ALL); one or more chronic leukemias including but not
limited to, e.g., chronic myelogenous leukemia (CML), chronic lymphocytic leukemia (CLL);,
additional hematologic cancers or hematologic conditions including, but not limited to, e.g., B
cell prolymphocytic leukemia, blastic plasmacytoid dendritic cell neoplasm, Burkitt’s
lymphoma, diffuse large B cell lymphoma, Follicular lymphoma, Hairy cell leukemia, small
cell- or a large cell-follicular lymphoma, malignant lymphoproliferative conditions, MALT
lymphoma, mantle cell lymphoma, Marginal zone lymphoma, multiple myeloma,
myelodysplasia and myelodysplastic syndrome, non-Hodgkin’s lymphoma, plasmablastic
lymphoma, plasmacytoid dendritic cell neoplasm, Waldenstrom macroglobulinemia, and
“preleukemia” which are a diverse collection of hematological conditions united by ineffective
production (or dysplasia) of myeloid blood cells, and the like. Further a disease associated with

CD19 or BCMA expression includes, but not limited to, e.g., atypical and/or non-classical
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cancers, malignancies, precancerous conditions or proliferative diseases expressing CD19 or
BCMA.

[0308] The present invention also provides methods for inhibiting the proliferation or reducing a
CD19- or BCMA-expressing cell population, the methods comprising contacting a population of
cells comprising a CD19- or BCMA-expressing cell with an anti-CD19 or anti-BCMA TFP-T-
cell of the invention that binds to the CD19- or BCMA-expressing cell. In a specific aspect, the
present invention provides methods for inhibiting the proliferation or reducing the population of
cancer cells expressing CD19 or BCMA, the methods comprising contacting the CD19- or
BCMA -expressing cancer cell population with an anti-CD19 or anti-BCMA TFP-T-cell of the
invention that binds to the CD19- or BCMA-expressing cell. In one aspect, the present invention
provides methods for inhibiting the proliferation or reducing the population of cancer cells
expressing CD19 or BCMA, the methods comprising contacting the CD19- or BCMA-
expressing cancer cell population with an anti-CD19 or anti-BCMA TFP-T-cell of the invention
that binds to the CD19- or BCMA-expressing cell. In certain aspects, the anti-CD19 or anti-
BCMA TFP-T-cell of the invention reduces the quantity, number, amount or percentage of cells
and/or cancer cells by at least 25%, at least 30%, at least 40%, at least 50%, at least 65%, at least
75%, at least 85%, at least 95%, or at least 99% in a subject with or animal model for myeloid
leukemia or another cancer associated with CD19- or BCMA-expressing cells relative to a
negative control. In one aspect, the subject is a human.

[0309] The present invention also provides methods for preventing, treating and/or managing a
disease associated with CD19- or BCMA-expressing cells (e.g., a hematologic cancer or atypical
cancer expressing CD19 or BCMA), the methods comprising administering to a subject in need
an anti-CD19 or anti-BCMA TFP-T-cell of the invention that binds to the CD19- or BCMA-
expressing cell. In one aspect, the subject is a human. Non-limiting examples of disorders
associated with CD19- or BCMA-expressing cells include autoimmune disorders (such as
lupus), inflammatory disorders (such as allergies and asthma) and cancers (such as
hematological cancers or atypical cancers expressing CD19 or BCMA).

[0310] The present invention also provides methods for preventing, treating and/or managing a
disease associated with CD19- or BCMA-expressing cells, the methods comprising
administering to a subject in need an anti-CD19 or anti-BCMA TFP-T-cell of the invention that
binds to the CD19- or BCMA-expressing cell. In one aspect, the subject is a human.

[0311] The present invention provides methods for preventing relapse of cancer associated with
CD19- or BCMA -expressing cells, the methods comprising administering to a subject in need
thereof an anti-CD19 or anti-BCMA TFP-T-cell of the invention that binds to the CD19- or

BCMA-expressing cell. In one aspect, the methods comprise administering to the subject in need
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thereof an effective amount of an anti-CD19 or anti-BCMA TFP-T-cell described herein that

binds to the CD19- or BCMA-expressing cell in combination with an effective amount of
another therapy.

Combination Therapies

[0312] A TFP-expressing cell described herein may be used in combination with other known
agents and therapies. Administered “in combination”, as used herein, means that two (or more)
different treatments are delivered to the subject during the course of the subject’s affliction with
the disorder, e.g., the two or more treatments are delivered after the subject has been diagnosed
with the disorder and before the disorder has been cured or eliminated or treatment has ceased
for other reasons. In some embodiments, the delivery of one treatment is still occurring when the
delivery of the second begins, so that there is overlap in terms of administration. This is
sometimes referred to herein as “simultaneous” or “concurrent delivery”. In other embodiments,
the delivery of one treatment ends before the delivery of the other treatment begins. In some
embodiments of either case, the treatment is more effective because of combined administration.
For example, the second treatment is more effective, e.g., an equivalent effect is seen with less
of the second treatment, or the second treatment reduces symptoms to a greater extent, than
would be seen if the second treatment were administered in the absence of the first treatment or
the analogous situation is seen with the first treatment. In some embodiments, delivery is such
that the reduction in a symptom, or other parameter related to the disorder is greater than what
would be observed with one treatment delivered in the absence of the other. The effect of the
two treatments can be partially additive, wholly additive, or greater than additive. The delivery
can be such that an effect of the first treatment delivered is still detectable when the second is
delivered.

[0313] In some embodiments, the “at least one additional therapeutic agent” includes a TFP-
expressing cell. Also provided are T-cells that express multiple TFPs, which bind to the same or
different target antigens, or same or different epitopes on the same target antigen. Also provided
are populations of T-cells in which a first subset of T-cells express a first TFP and a second
subset of T-cells express a second TFP.

[0314] A TFP-expressing cell described herein and the at least one additional therapeutic agent
can be administered simultaneously, in the same or in separate compositions, or sequentially.
For sequential administration, the TFP-expressing cell described herein can be administered
first, and the additional agent can be administered second, or the order of administration can be
reversed.

[0315] In further aspects, a TFP-expressing cell described herein may be used in a treatment

regimen in combination with surgery, chemotherapy, radiation, immunosuppressive agents, such
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as cyclosporin, azathioprine, methotrexate, mycophenolate, and FK506, antibodies, or other
immunoablative agents such as CAMPATH, anti-CD3 antibodies or other antibody therapies,
cytoxin, fludarabine, cyclosporin, FK506, rapamycin, mycophenolic acid, steroids, FR901228,
cytokines, and irradiation. peptide vaccine, such as that described in Izumoto et al. 2008 J
Neurosurg 108:963-971.
[0316] In one embodiment, the subject can be administered an agent which reduces or
ameliorates a side effect associated with the administration of a TFP-expressing cell. Side
effects associated with the administration of a TFP-expressing cell include, but are not limited to
cytokine release syndrome (CRS), and hemophagocytic lymphohistiocytosis (HLH), also termed
Macrophage Activation Syndrome (MAS). Symptoms of CRS include high fevers, nausea,
transient hypotension, hypoxia, and the like. Accordingly, the methods described herein can
comprise administering a TFP-expressing cell described herein to a subject and further
administering an agent to manage elevated levels of a soluble factor resulting from treatment
with a TFP-expressing cell. In one embodiment, the soluble factor elevated in the subject is one
or more of IFN-y, TNFa, IL-2 and IL-6. Therefore, an agent administered to treat this side effect
can be an agent that neutralizes one or more of these soluble factors. Such agents include, but
are not limited to a steroid, an inhibitor of TNFa, and an inhibitor of IL-6. An example of a
TNFa inhibitor is entanercept. An example of an IL-6 inhibitor is tocilizumab (toc).
[0317] In one embodiment, the subject can be administered an agent which enhances the activity
of a TFP-expressing cell. For example, in one embodiment, the agent can be an agent which
inhibits an inhibitory molecule. Inhibitory molecules, e.g., Programmed Death 1 (PD1), can, in
some embodiments, decrease the ability of a TFP-expressing cell to mount an immune effector
response. Examples of inhibitory molecules include PD1, PD-L1, CTLA4, TIM3, LAGS3,
VISTA, BTLA, TIGIT, LAIR1, CD160, 2B4 and TGFR beta. Inhibition of an inhibitory
molecule, e.g., by inhibition at the DNA, RNA or protein level, can optimize a TFP-expressing
cell performance. In embodiments, an inhibitory nucleic acid, e.g., an inhibitory nucleic acid,
e.g., adsRNA, e.g., an siRNA or shRNA, can be used to inhibit expression of an inhibitory
molecule in the TFP-expressing cell. In an embodiment the inhibitor is a ShRNA. In an
embodiment, the inhibitory molecule is inhibited within a TFP-expressing cell. In these
embodiments, a dSRNA molecule that inhibits expression of the inhibitory molecule is linked to
the nucleic acid that encodes a component, e.g., all of the components, of the TFP. In one
embodiment, the inhibitor of an inhibitory signal can be, e.g., an antibody or antibody fragment
that binds to an inhibitory molecule. For example, the agent can be an antibody or antibody
fragment that binds to PD1, PD-L1, PD-L2 or CTLA4 (e.g., ipilimumab (also referred to as
MDX-010 and MDX-101, and marketed as Yervoy'™; Bristol-Myers Squibb; Tremelimumab
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(IgG2 monoclonal antibody available from Pfizer, formerly known as ticilimumab, CP-
675,206)). In an embodiment, the agent is an antibody or antibody fragment that binds to TIM3.
In an embodiment, the agent is an antibody or antibody fragment that binds to LAG3.

[0318] In some embodiments, the agent which enhances the activity of a TFP-expressing cell
can be, e.g., a fusion protein comprising a first domain and a second domain, wherein the first
domain is an inhibitory molecule, or fragment thereof, and the second domain is a polypeptide
that 1s associated with a positive signal, e.g., a polypeptide comprising an intracellular signaling
domain as described herein. In some embodiments, the polypeptide that is associated with a
positive signal can include a costimulatory domain of CD28, CD27, ICOS, e.g., an intracellular
signaling domain of CD28, CD27 and/or ICOS, and/or a primary signaling domain, e.g., of CD3
zeta, e.g., described herein. In one embodiment, the fusion protein is expressed by the same cell
that expressed the TFP. In another embodiment, the fusion protein is expressed by a cell, e.g., a
T-cell that does not express an anti-CD19 TFP.

Pharmaceutical Compositions

[0319] Pharmaceutical compositions of the present invention may comprise a TFP-expressing
cell, e.g., a plurality of TFP-expressing cells, as described herein, in combination with one or
more pharmaceutically or physiologically acceptable carriers, diluents or excipients. Such
compositions may comprise buffers such as neutral buffered saline, phosphate buffered saline
and the like; carbohydrates such as glucose, mannose, sucrose or dextrans, mannitol; proteins;
polypeptides or amino acids such as glycine; antioxidants; chelating agents such as EDTA or
glutathione; adjuvants (e.g., aluminum hydroxide); and preservatives. Compositions of the
present invention are in one aspect formulated for intravenous administration.

[0320] Pharmaceutical compositions of the present invention may be administered in a manner
appropriate to the disease to be treated (or prevented). The quantity and frequency of
administration will be determined by such factors as the condition of the patient, and the type
and severity of the patient’s disease, although appropriate dosages may be determined by
clinical trials.

[0321] In one embodiment, the pharmaceutical composition is substantially free of, e.g., there
are no detectable levels of a contaminant, e.g., selected from the group consisting of endotoxin,
mycoplasma, replication competent lentivirus (RCL), p24, VSV-G nucleic acid, HIV gag,
residual anti-CD3/anti-CD28 coated beads, mouse antibodies, pooled human serum, bovine
serum albumin, bovine serum, culture media components, vector packaging cell or plasmid
components, a bacterium and a fungus. In one embodiment, the bacterium is at least one selected

from the group consisting of Alcaligenes faecalis, Candida albicans, Escherichia coli,
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Haemophilus influenza, Neisseria meningitides, Pseudomonas aeruginosa, Staphylococcus
aureus, Streptococcus pneumonia, and Streptococcus pyogenes group A.

29 CC

[0322] When “an immunologically effective amount,” “an anti-tumor effective amount,” “a
tumor-inhibiting effective amount,” or “therapeutic amount” is indicated, the precise amount of
the compositions of the present invention to be administered can be determined by a physician
with consideration of individual differences in age, weight, tumor size, extent of infection or
metastasis, and condition of the patient (subject). It can generally be stated that a pharmaceutical
composition comprising the T-cells described herein may be administered at a dosage of 10" to
10° cells/kg body weight, in some instances 10° to 10° cells/kg body weight, including all integer
values within those ranges. T-cell compositions may also be administered multiple times at these
dosages. The cells can be administered by using infusion techniques that are commonly known
in immunotherapy (see, e.g., Rosenberg et al., New Eng. J. of Med. 319:1676, 1988).

[0323] In certain aspects, it may be desired to administer activated T-cells to a subject and then
subsequently redraw blood (or have an apheresis performed), activate T-cells therefrom
according to the present invention, and reinfuse the patient with these activated and expanded T-
cells. This process can be carried out multiple times every few weeks. In certain aspects, T-cells
can be activated from blood draws of from 10 cc to 400 cc. In certain aspects, T-cells are
activated from blood draws of 20 cc, 30 cc, 40 cc, 50 cc, 60 cc, 70 cc, 80 cc, 90 cc, or 100 cc.
[0324] The administration of the subject compositions may be carried out in any convenient
manner, including by aerosol inhalation, injection, ingestion, transfusion, implantation or
transplantation. The compositions described herein may be administered to a patient trans
arterially, subcutaneously, intradermally, intratumorally, intranodally, intramedullary,
intramuscularly, by intravenous (i.v.) injection, or intraperitoneally. In one aspect, the T-cell
compositions of the present invention are administered to a patient by intradermal or
subcutaneous injection. In one aspect, the T-cell compositions of the present invention are
administered by 1.v. injection. The compositions of T-cells may be injected directly into a tumor,
lymph node, or site of infection.

[0325] In a particular exemplary aspect, subjects may undergo leukapheresis, wherein
leukocytes are collected, enriched, or depleted ex vivo to select and/or isolate the cells of
interest, e.g., T-cells. These T-cell isolates may be expanded by methods known in the art and
treated such that one or more TFP constructs of the invention may be introduced, thereby
creating a TFP-expressing T-cell of the invention. Subjects in need thereof may subsequently
undergo standard treatment with high dose chemotherapy followed by peripheral blood stem cell

transplantation. In certain aspects, following or concurrent with the transplant, subjects receive
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an infusion of the expanded TFP T-cells of the present invention. In an additional aspect,
expanded cells are administered before or following surgery.
[0326] The dosage of the above treatments to be administered to a patient will vary with the
precise nature of the condition being treated and the recipient of the treatment. The scaling of
dosages for human administration can be performed according to art-accepted practices. The
dose for CAMPATH, for example, will generally be in the range 1 to about 100 mg for an adult
patient, usually administered daily for a period between 1 and 30 days. The preferred daily dose
is 1 to 10 mg per day although in some instances larger doses of up to 40 mg per day may be
used (described in U.S. Pat. No. 6,120,766).
[0327] In one embodiment, the TFP is introduced into T-cells, e.g., using in vitro transcription,
and the subject (e.g., human) receives an initial administration of TFP T-cells of the invention,
and one or more subsequent administrations of the TFP T-cells of the invention, wherein the one
or more subsequent administrations are administered less than 15 days, e.g., 14, 13, 12, 11, 10,
9,8,7,6,5, 4, 3, or 2 days after the previous administration. In one embodiment, more than one
administration of the TFP T-cells of the invention are administered to the subject (e.g., human)
per week, e.g., 2, 3, or 4 administrations of the TFP T-cells of the invention are administered per
week. In one embodiment, the subject (e.g., human subject) receives more than one
administration of the TFP T-cells per week (e.g., 2, 3 or 4 administrations per week) (also
referred to herein as a cycle), followed by a week of no TFP T-cells administrations, and then
one or more additional administration of the TFP T-cells (e.g., more than one administration of
the TFP T-cells per week) is administered to the subject. In another embodiment, the subject
(e.g., human subject) receives more than one cycle of TFP T-cells, and the time between each
cycle is less than 10, 9, 8, 7, 6, 5, 4, or 3 days. In one embodiment, the TFP T-cells are
administered every other day for 3 administrations per week. In one embodiment, the TFP T-
cells of the invention are administered for at least two, three, four, five, six, seven, eight or more
weeks.
[0328] In one aspect, CD19 TFP T-cells are generated using lentiviral viral vectors, such as
lentivirus. TFP-T-cells generated that way will have stable TFP expression.
[0329] In one aspect, TFP T-cells transiently express TFP vectors for 4, 5, 6, 7, 8, 9, 10, 11, 12,
13, 14, 15 days after transduction. Transient expression of TFPs can be effected by RNA TFP
vector delivery. In one aspect, the TFP RNA is transduced into the T-cell by electroporation.
[0330] A potential issue that can arise in patients being treated using transiently expressing TFP
T-cells (particularly with murine scFv bearing TFP T-cells) is anaphylaxis after multiple

treatments.
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[0331] Without being bound by this theory, it is believed that such an anaphylactic response
might be caused by a patient developing humoral anti-TFP response, i.e., anti-TFP antibodies
having an anti-IgE isotype. It is thought that a patient’s antibody producing cells undergo a class
switch from IgG isotype (that does not cause anaphylaxis) to IgE isotype when there is a ten to
fourteen day break in exposure to antigen.

[0332] If a patient is at high risk of generating an anti-TFP antibody response during the course
of transient TFP therapy (such as those generated by RNA transductions), TFP T-cell infusion
breaks should not last more than ten to fourteen days.

EXAMPLES

[0333] The invention is further described in detail by reference to the following experimental
examples. These examples are provided for purposes of illustration only, and are not intended to
be limiting unless otherwise specified. Thus, the invention should in no way be construed as
being limited to the following examples, but rather, should be construed to encompass any and
all variations which become evident as a result of the teaching provided herein. Without further
description, it is believed that one of ordinary skill in the art can, using the preceding description
and the following illustrative examples, make and utilize the compounds of the present invention
and practice the claimed methods. The following working examples specifically point out
various aspects of the present invention, and are not to be construed as limiting in any way the
remainder of the disclosure.

Example 1: TFP Constructs

[0334] Anti-CD19 TFP constructs were engineered by cloning an anti-CD19 scFv DNA
fragment linked to a CD3 or TCR DNA fragment by either a DNA sequence encoding a short
linker (SL): AAAGGGGSGGGGSGGGGSLE (SEQ ID NO: 5) or a long linker (LL):
AAAIEVMYPPPYLGGGGSGGGGSGGGGSLE (SEQ ID NO: 6) into p510 vector ((System
Biosciences (SBI)) at Xbal and EcoR1 sites.

[0335] The anti-CD19 TRuC constructs generated were pS10_antiCD19 LL TCRa (anti-CD19
scFv —long linker- human full length T cell receptor a chain), p510_antiCD19 LL TCR aoC

(anti-CD19 scFv — long linker- human T cell receptor a constant domain chain),
pS10_antiCD19 LL TCRp (anti-CD19 scFv — long linker- human full length T cell receptor
chain), p510_antiCD19 LL TCRPC (anti-CD19 scFv — long linker- human T cell receptor 3
constant domain chain), pS10_antiCD19 LL CD3y (anti-CD19 scFv — long linker- human
CD3y chain), p510_antiCD19 _LL CD30 (anti-CD19 scFv — long linker- human CD36 chain),
pS10_antiCD19 LL CD3eg (anti-CD19 scFv — long linker- human CD3eg chain),
p510_antiCD19 SL TCR (anti-CD19 scFv — short linker- human full length T cell receptor 3
chain), p510_antiCD19_SL_CD3y (anti-CD19 scFv — short linker- human CD3y chain),
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p5S10_antiCD19 SL CD38 (anti-CD19 scFv — short linker- human CD36 chain),
pS10_antiCD19 SL CD3e (anti-CD19 scFv — short linker- human CD3e¢ chain).

[0336] The anti-CD19 CAR construct, pS10_antiCD19 28 was generated by cloning
synthesized DNA encoding anti-CD19, partial CD28 extracellular domain, CD28
transmembrane domain, CD28 intracellular domain and CD3 zeta into p510 vector at Xbal and
EcoR1 sites.

[0337] Anti-BCMA TFP constructs were engineered by cloning an anti-BCMA scFv DNA
fragment linked to a CD3 DNA fragment by a DNA sequence encoding the linker:

GGGGSGGGGSGGGGSLE (SEQ ID NO: 7) into p5S10 vector (SBI) at Xbal and EcoR1 sites.
The anti-BCMA TFP constructs generated were p5S10_antiBCMA CD3y (anti-BCMA scFv —
linker- human CD3y chain) and p510_antiBCMA_CD3¢ (anti-BCMA scFv — linker- human

CD3¢ chain).
[0338] Full length BCMA was synthesized and cloned into pS14 (SBI) at BamHI and Nhel sites

to generate the construct pS14 BCMA, used to generate stable target cell lines.
[0339] Anti-Fibroblast activation protein (FAP) and anti-Carboanhydrase-9 (CAIX) TFP

constructs areengineered by cloning an anti-FAP or anti-CAIX scFv DNA fragment linked to a
CD3 DNA fragment by a DNA sequence encoding the linker: GGGGSGGGGSGGGGSLE
(SEQ ID NO: 7) into p510 vector (SBI) at Xbal and EcoR1 sites. The anti-FAP or anti-CAIX
TFP constructs that can be generated include p510 antiFAP_CD3y (anti-FAP scFv — linker-
human CD3y chain) and p510_antiFAP CD3e (anti-FAP scFv — linker- human CD3e chain)

and pS10_antiCAIX CD3y (anti-CAIX scFv — linker-human CD3y chain) and p510_antiCAIX

_CD3¢ (anti-CAIX scFv — linker- human CD3¢ chain).
[0340] Full length FAP and CAIX can be synthesized and cloned into p5S14 (SBI) at BamHI and
Nhel sites to generate the constructs pS14 FAP and p514 CAIX, that can be used to generate

stable target cell lines.

[0341] Exemplary construct sequences are shown below:

CONSTRUCT SEQUENCES

Target Construct

P514 BCMA (SEQ ID NO: 8)

1 acgcgtgtag tcttatgcaa tactcttgta gtcttgcaac atggtaacga tgagttagca
61 acatgcctta caaggagaga aaaagcaccg tgcatgccga ttggtggaag taaggtggta
121 cgatcgtgec ttattaggaa ggcaacagac gggtctgaca tggattggac gaaccactga
181 attgccecgcat tgcagagata ttgtatttaa gtgcctaget cgatacataa acgggtctcet
241 ctggttagac cagatctgag cctgggagct ctctggctaa ctagggaacc cactgcttaa
301 gccectcaataa agettgectt gagtgcettca agtagtgtgt gececegtetgt tgtgtgactce
361 tggtaactag agatccecctca gaccctttta gtcagtgtgg aaaatctcta gcagtggcge
421 ccgaacaggg acctgaaagc gaaagggaaa ccagagctcect ctcgacgcag gactceggcett
481 gctgaagcgc gcacggcaag aggcgagggg cggcgactgg tgagtacgcecc aaaaattttg
541 actagcggag gctagaagga gagagatggg tgcgagagceg tcagtattaa gcecgggggaga
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attagatcgc
aaacatatag
gaaacatcag
tcagaagaac
atagagataa
aagaccaccyg
caattggaga
acccaccaag
tttgttcctt
gacggtacag
ggctattgag
ggcaagaatc
ttgctctgga
atctctggaa
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttyg
tgacgcaaat
tgaaccgtca
agagctageg
gacagcctgce
ctgacctgcce
atcctgtgga
ttecctgetge
ggcctgcetgg
ctgcccagag
aagcccaagg
atcctggtga
accgagatcg
cgctceggtg
ggaggggtcg
gatgtcgtgt
gtagtcgccg
cgaggggctce
cggttgagte
taggtaagtt
cctagactca
gtttcgtttt
tgattgaaca
gctatgactyg
cgcaggggcy
aggacgaggc
tcgacgttgt
atctcecctgtce
ggcggctgca
tcgagcgagce
agcatcaggg
gcgaggatct
gccgcetttte
tagcgttggce

gatgggaaaa
tatgggcaag
aaggctgtag
ttagatcatt
aagacaccaa
cacagcaagce
agtgaattat
gcaaagagaa
gggttcttgg
gccagacaat
gcgcaacagce
ctggctgtgg
aaactcattt
cagatttgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctceccaacce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg

gatcgcctgg
ccgccaccat

tgcacgcectyg
agcggtactg
cctgecectggg
ggaagatcaa
gcatggccaa
gcctggagta
tggacagcga
caacaaagac
agaagtccat
cccgtcecagtg
gcaattgaac
actggctceceg
tgaacgttct
gcatctctcc
gegttetgcece
taaagctcag
gcecggcetcete
ctgttctgeg
agatggattg
ggcacaacag
cccecggttett
agcgcggcta
cactgaagcg
atctcacctt
tacgcttgat
acgtactcgg
gctcecgegeca
cgtegtgacce
tggattcatc
tacccgtgat

aattcggtta
cagggagcta
acaaatactg
atataataca
ggaagcttta
ggccactgat
ataaatataa
gagtggtgca
gagcagcagg
tattgtectgg
atctgttgeca
aaagatacct
gcaccactgc
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggace
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
agacgccatc
gctccagatg
catcccttge
caacgccagc
cctgagcctg
cagcgagccec
catcgacctg
caccgtggaa
ccactgcttc
caacgactac
cagcgccaga
ggcagagcgc
gggtgcctag
cctttttecece
ttttcgcaac
ttcacgcgcce
gccteccegece
gtcgagaccyg
cacgctttgce
ccgttacaga
cacgcaggtt
acaatcggcet
tttgtcaaga
tcgtggcectgg
ggaagggact
gctceetgecyg
ccggctacct
atggaagccg
gccgaactgt
catggcgatg
gactgtggcc
attgctgaag
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aggccagggy
gaacgattcg

ggacagctac
gtagcaaccc
gacaagatag
cttcecagacct
agtagtaaaa
gagagaaaaa
aagcactatg
tatagtgcag
actcacagtc
aaaggatcaa
tgtgccttgg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggcce
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
gctggcecagt
cagcectgeggt
gtgaccaaca
atcatcagcc
ctgaaggacyg
gaaaagagcc
gagtgtacct
cctectgececceg
tgcaagagcce
tgaggatccg
acatcgccca
agaaggtggc
gagggtggag

gggtttgcceg
cgccgeccta

tgtggtgcct
ggcctttgte
ctgaccctge
tccaagectgt
ctceggecge
gctcectgatge
ccgacctgtce
ccgecgacggg
ggctgctatt
agaaagtatc
gcccattcga
gtcttgtcga
tcgecaggcet
cctgcettgee
ggctgggtgt
agcttggcgyg
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gaaagaaaaa
cagttaatcc
aaccatccct
tctattgtgt
aggaagagca
ggaggaggag
attgaaccat
agagcagtgg
ggcgcagcegt
cagcagaaca
tggggcatca
cagctcctgg
aatgctagtt
tgggacagag
aaccagcaag
aattggttta
ggcttggtag
ggatattcac
gaaggaatag
ggatctcgac
ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga
tgacctccat
gcagcecagaa
gcagcagcaa
gcgtgaaggg
tggccgtgtt
agttcaagaa
ggaccggcga
gcgaggactg
ccatggaaga
tgcectgecge
cggecgcaag
cagtcccecga
gcggggtaaa
gagaaccgta
ccagaacaca
cctgaggecg
cctgaactge
cggcegcetcecece
ttgctcaact
gaccggcgcc
ttgggtggag
cgeegtgtte
cggtgccecctg
cgttcecttge
gggcgaagtg
catcatggcet
ccaccaagcg
tcaggatgat
caaggcgcgce
gaatatcatg
ggcggaccgce
cgaatgggct

atataaatta
tggcctgtta
tcagacagga
gcatcaaagg
aaacaaaagt
atatgaggga
taggagtagc
gaataggagc
caatgacgct
atttgcectgag
agcagctcca
ggatttgggg
ggagtaataa
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tcegceceecat
gctcgtttag
agaagattct
cgagtactte
caccccaccec
caccaacgcc
cgtgctgatg
caccggceage
cgagatcatc
catcaagagc
gggcgccacc
cctgagegec
gatctgcgat
gaagttgggg

ctgggaaagt
tataagtgca

gctgaagctt
ccatccacgce
gtccgecgtce
ttggagccta
ctacgtcttt
tacgtcgaga
aggctattcyg
cggetgtcecag
aatgaactgc
gcagctgtgce
ccggggcagyg
gatgcaatgc
aaacatcgca
ctggacgaag
atgccecgacyg
gtggaaaatg
tatcaggaca
gaccgcttcecce
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4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621

tcgtgcettta
acgagttctt
gtattcttaa
atcatgctat
tgtctcttta
ttgctgacge
ctttcecgettt
gctggacagg
cgtcctttcece
gctacgtccec
tgcggectet
cctccecececgece
tttttaaaag
ctttttgctt
taactaggga
tgtgcccgtce
tggaaaatct
aagaaatgaa
taaagcaata
ggtttgtcca
ctccgecceat
taattttttt
agtgaggagg
ggtcatagct
ccggaagcat
cgttgegcte
tcggccaacg
ctgactcgct
taatacggtt
agcaaaaggc
cccecctgacga
tataaagata
tgcecgettac
gctcacgetyg
acgaaccccc
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg
agcagattac
ctgacgctceca
ggatcttcac
atgagtaaac
tctgtctatt
gggagggctt
ctccagattt
caactttatc
cgccagttaa
cgtegtttgg
cccccecatgtt
agttggccgce
tgccateccgt
agtgtatgeg
atagcagaac
ggatcttacc
cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa

cggtatcegcee
ctgactcgac
ctatgttgct
tgcttccegt
tgaggagttg
aaccceccact
cceectecct
ggctcggcetg
ttggctgcectc
ttcggeecte
tcegegtett
tggtaccttt
aaaagggggyg
gtactgggtc
acccactget
tgttgtgtga
ctagcagtag
tatcagagag
gcatcacaaa
aactcatcaa
cccgcecccta
tatttatgca
cttttttgga
gtttcctgtg
aaagtgtaaa
actgcecget
cgcggggaga
gcgctecggtce
atccacagaa
caggaaccgt
gcatcacaaa
ccaggcgttt
cggatacctg
taggtatcte
cgttcagcecc
acacgactta
aggcggtget
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tcgttcatce
accatcectgge
atcagcaata
cgcctceccatce
tagtttgcge
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg
gctgttgaga
tactttcacc
aataagggcyg
catttatcag
acaaataggg

gctcecgatt
aatcaacctc
ccttttacge
atggctttca
tggccegttg
ggttggggca
attgccacgg
ttgggcactg
gcctgtgttg
aatccagcecgg
cgecttegec
aagaccaatg
actggaaggg
tctectggtta
taagcctcaa
ctctggtaac
tagttcatgt
tgagaggaac
tttcacaaat
tgtatcttat
actccgccceca
gaggccgagyg
ggcctagact
tgaaattgtt
gcectggggatyg
ttccagtcgg
ggcggtttgce
gttcggctge
tcaggggata
aaaaaggccyg
aatcgacgct
ccceccctggaa
tcegecttte
agttcggtgt
gaccgctgeg
tcgccactgg
acagagttct
tgecgctetge
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgccet
cccagtgcetg
aaccagccag
cagtctatta
aacgttgttyg
ttcagectceg
gcggttagcet
ctcatggtta
tctgtgactg
tgctcttgece
ctcatcattg
tccagttecga
agcgtttcetyg
acacggaaat
ggttattgtc
gttccgcgca
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cgcagcegcat
tggattacaa
tatgtggata
ttttectecte
tcaggcaacg
ttgceccaccac
cggaactcat
acaattccgt
ccacctggat
accttecttce
ctcagacgag
acttacaagg
ctaattcact
gaccagatct
taaagcttge
tagagatccc
catcttatta
ttgtttattg
aaagcatttt
catgtctggc
gttccgccca
ccgectegge
tttgcagaga
atccgctcac
cctaatgagt
gaaacctgtc

gtattgggcg
ggcgagcggt
acgcaggaaa
cgttgcectgge
caagtcagag
gctccctegt
tcecetteggyg
aggtcgtteg
ccttatcecgg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactcccegt
caatgatacc
ccggaagggc
attgttgccg
ccattgctac
gttcccaacyg
cctteggtcece
tggcagcact
gtgagtactc
cggegtcaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcgg
catttccceg
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cgcecttetat
aatttgtgaa
cgctgettta
cttgtataaa
tggcgtggtg
ctgtcagcte
cgecgectge
ggtgttgtcg
tctgecgeggg
ccgeggectg
tcggatctece
cagctgtaga
cccaacgaag
gagcctggga
cttgagtget
tcagaccctt
ttcagtattt
cagcttataa
tttcactgca
tctagctatc
ttctcegece
ctctgagcta
cggcccaaat
aattccacac
gagctaactc
gtgccagetyg
ctctteccget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gcgctctect
aagcgtggeg
ctccaagctg
taactatcgt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcatcgtg
atcaaggcga
tccgatcgtt
gcataattct
aaccaagtca
acgggataat

ttcggggcga
tcgtgcaccce

aacaggaagg
catactcttce
atacatattt
aaaagtgcca

cgcettettg
agattgactg
atgcctttgt
tcctggttge
tgcactgtgt
ctttceggga
cttgcceceget
gggaaatcat
acgtccttct
ctgecggcete
ctttgggecg
tcttagccac
ataagatctg
gctctetgge
tcaagtagtg
ttagtcagtg
ataacttgca
tggttacaaa
ttctagttgt
ccgcecceccectaa
catggctgac
ttccagaagt
tcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcctegetcea
tcaaaggcgg
gcaaaaggcc
aggctecgec
ccgacaggac
gttccgaccc
ctttctecata
ggctgtgtgce
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagc
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcaccgyg
agtggtcctg
gtaagtagtt
gtgtcacgcet
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcgccac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt
cctgacgtcect
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7681
7741
7801
7861
7921
7981
8041

8101

aagaaaccat
gtctcgcgeg
tcacagcettg
gtgttggcgg
tgcaccatat
gccattcegece
tattacgcca

ggttttccca

CAR Constructs
p510_antiCD19 28z (SEQ ID NO: 9)
acgcgtgtag tcttatgcaa tactcecttgta gtecttgcaac
acatgcctta caaggagaga aaaagcaccg tgcatgccga ttggtggaag taaggtggta

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881

cgatcgtgcecc
attgccecgcat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagyg
tgctgaagcg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcect
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg
tgacgcaaat
tgaaccgtca
agagccgccea
gcattcctcc
ctgggagaca
tggtatcagce
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtgg
cccgactatg
gtaatatggg

tattatcatg
tttcggtgat
tctgtaagcg
gtgtcggggc
gcggtgtgaa
attcaggctyg
gctggecgaaa
gtcacgacgt

ttattaggaa
tgcagagata
ccagatctga
aagcttgcct
gagatccctc
gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa

ggcgcaacag
cctggctgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctccecaaccce
gacagagaca
agaaaagggy
gacatacaaa
gtattatgcc
agtcatcget
gtttgactca
gcaccaaaat

gggcggtagg

gatcgectygg
ccatgcettet

tgatcccaga
gagtcaccat
agaaaccaga
tccecatcaag
tggagcaaga
tcggaggggyg
ctggcgaggg
cgccctecaca
gtgtaagctg
gtagtgaaac

acattaacct
gacggtgaaa
gatgccggga
tggcttaact
ataccgcaca
cgcaactgtt

gggggatgtg
tgtaaaacga

ggcaacagac
ttgtatttaa
gcctgggagce
tgagtgcttc
agacccetttt
cgaaagggaa
gaggcgaggyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggecactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggc
agatattgcc
gactaagttyg
atccaccaag
gagcctgtcc
gattcgccag
cacatactat

82

ataaaaatag
acctctgaca
gcagacaagc
atgcggcatc
gatgcgtaag
gggaagggcy
ctgcaaggcyg
cggccagtge

gggtctgaca
gtgcctagcet
tctctggceta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcgactg
gtgcgagagc
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacc
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttcectge
acacagacta
gcaagtcagg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctccacgaa
aattcagctc
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gcgtatcacyg
catgcagctc
ccgtcaggge
agagcagatt
gagaaaatac
atcggtgcgg
attaagttgg

caagctg.

atggtaacga

tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctegacgcea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catcctccecct
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctcagg

agggtctgga
tcaaatccag

aggccettte
ccggagacgg
gcgtcagegg
gtactgagag
cgcatcaggce
gcctettege
gtaacgccag

tgagttagca

gaaccactga
aacgggtctc
ccactgctta
ttgtgtgact
agcagtggcg
ggactcggcet
caaaaatttt
agcgggggayg
aatataaatt
ctggcctgtt
ttcagacagg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tccgceccecceccecat
gctcgtttag
agaagattct
accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctcteace
taatacgctt
tggatcegge
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
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2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421

atcaaggaca
acagccattt
tggggtcaag
cctecttacce
ctttgtccaa
gggggagtcc
aggagtaaga
gggcccaccce
tccagagtga
ctctataacg
ggccgggacc
aatgaactgc
cgccggagygy
acctacgacyg
gcgaaggatc
ccccgagaag
ggtaaactgg
accgtatata
aacacagctg
aggccgccat
aactgcgtcc
gctcececttgg
tcaactctac
ggcgcctacg
tcececcaggge
ccgtcecgatcece
gcgtcgggcet
ggaccacgcc
ccgagttgag
accggceccaa
gcaagggtct
tgccecgectt
tcaccgtcac
agcceggtgce
gtattcttaa
atcatgctat
tgtctcttta
ttgctgacge
ctttcgettt
gctggacagg
cgtectttec
gctacgtccc
tgcggcectct
ccteceegec
tttttaaaag
ctttttgett
taactaggga
tgtgccegte
tggaaaatct
aagaaatgaa
taaagcaata
ggtttgtcca
ctcecegeeccag
aggccgaggc
gcctagactt
gaaattgtta
cctggggtge
tccagtcggg
gcggtttgcg

actccaagag
actactgtgc
gaacctcagt
tagacaatga
gtcccctatt
tggecttgcta
ggagcaggct
gcaagcatta
agttcagcag
agctcaatct
ctgagatggg
agaaagataa
gcaaggggca
ccettcacat
tgcgatcegcet
ttggggggag
gaaagtgatg
agtgcagtag
aagcttcgag
ccacgccggt
gcecgtctagg
agcctaccta
gtctttgttt
ctagatgacc
cgtacgceacce
ggaccgcceac
cgacatcggce
ggagagcgtc
cggttcececegyg
ggagcccgcey
gggcagcgcc
cctggagacc
cgcecgacgte
ctgagtcgac
ctatgttgct
tgcttccegt
tgaggagttg
aaccceccact
ccecectececet
ggctcggcetg
ttggctgcte
ttcggceccte
tccgegtcett
tggtaccttt

aaaagggggy

gtactgggtc
acccactgct

tgttgtgtga
ctagcagtag
tatcagagag
gcatcacaaa
aactcatcaa
ttcegeecat
cgcctcecggcec
ttgcagagac
tcegcteaca
ctaatgagtg
aaacctgtcg
tattgggcgc

ccaagttttce
caaacattat
caccgtcectcec
gaagagcaat
tccecggacct
tagcttgcta
cctgcacagt
ccagccctat
gagcgcagac
aggacgaaga
gggaaagccyg
gatggcggag
cgatggcctt
gcaggcccetyg
ccggtgeceg
gggtcggcaa
tcgtgtactg
tcgeccgtgaa
gggctcgcat
tgagtcgegt
taagtttaaa
gactcagcecg
cgttttctgt
gagtacaagc
ctecgcegeeg
atcgagcggyg
aaggtgtggg
gaagcggggyg
ctggcegcege
tggttcecectgg
gtcgtgcectcce
tccgegececce
gaggtgcccg
aatcaacctc
ccttttacgce
atggctttca
tggeccegttg
ggttggggca
attgccacgg
ttgggcactg
gecctgtgttyg
aatccagcgg
cgccttecgcece
aagaccaatg
actggaaggg
tctctggtta
taagcctcaa
ctctggtaac
tagttcatgt
tgagaggaac
tttcacaaat
tgtatcttat
tctecgeccece
tctgagctat
ggcccaaatt
attccacaca
agctaactca
tgccagctgce
tcttcegett

83

ttaaaaatga
tactacggtg
tcagcggecyg
ggaaccatta
tctaagccct
gtaacagtgg
gactacatga
gccccaccac
gccccecgegt
gaggagtacg
agaaggaaga
gcctacagtg
taccagggtc
cceecteget
tcagtgggca
ttgaacgggt
gctcecgcecett
cgttcttttt
ctctcececttea
tctgccgect
gctcaggtcg
gctctecacy
tctgcgecegt
ccacggtgceg
cgttcecgecga
tcaccgagct
tcgcggacga
cggtgttcege
agcaacagat
ccaccgtegyg
ccggagtgga
gcaacctccc
aaggaccgcyg
tggattacaa
tatgtggata
ttttectecte
tcaggcaacyg
ttgceccaccac
cggaactcat
acaattccgt
ccacctggat
accttccttce
ctcagacgag
acttacaagg
ctaattcact
gaccagatct
taaagcttgc
tagagatcce
catcttatta
ttgtttattg
aaagcatttt
catgtctgge
atggctgact
tccagaagta
cgtaatcatg
acatacgagc
cattaattge
attaatgaat
cctecgcetcecac
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acagtctgeca
gtagctatgc
caattgaagt
tccatgtgaa
tttgggtgct
cctttattat
acatgactcc
gcgacttcge
accagcaggg
atgttttgga
accctcagga
agattgggat
tcagtacagc
aagaattcgg
gagcgcacat
gcctagagaa
tttcececgagg
cgcaacgggt
cgegcceegec
cccecgectgtg
agaccgggcc
ctttgcctga
tacagatcca
cctcgceccacce
ctacccegec
gcaagaactc
cggcgcecgcey
cgagatcggce
ggaaggcctc
cgtcectegcecece
ggcggccgag
cttctacgag
cacctggtge
aatttgtgaa
cgctgcettta
cttgtataaa
tggcgtggtg
ctgtcagcte
cgccgectgce
ggtgttgtcg
tctgegeggg
ccgeggectg
tcggatctcce
cagctgtaga
cccaacgaaa
gagcctggga
cttgagtgct
tcagaccctt
ttcagtattt
cagcttataa
tttcactgca
tctagctatce
aatttttttt
gtgaggaggc
gtcatagctg
cggaagcata
gttgecgcectca
cggccaacgc
tgactcgcetg

aactgatgac
tatggactac
tatgtatcct
agggaaacac
ggtggtggtt
tttetgggtg
ccgecgecec
agcctatcgce
ccagaaccag
caagagacgt
aggcctgtac
gaaaggcgag
caccaaggac
atccgeggec
cgcececacagt
ggtggcgcgg
gtgggggaga
ttgeccgecag
gccctaccetyg
gtgcctcecctg
tttgtcecggce
ccetgettge
agctgtgacc
cgcgacgacg
acgcgcecaca
ttcectcacge
gtggcggtct
ccgcgcatgg
ctggcgecge
gaccaccagg
cgcgcecgggy
cggctcecggcet
atgacccgca
agattgactg
atgcctttgt
tcctggttge
tgcactgtgt
ctttceggga
cttgcceget
gggaaatcat
acgtcettet
ctgcecggetce
ctttgggccecg
tcttagcecac
ataagatctg
gctctctggce
tcaagtagtg
ttagtcagtg
ataacttgca
tggttacaaa
ttctagttgt
ccgeccectaa
atttatgcag
ttttttggag
tttcectgtgt
aagtgtaaag
ctgecegett
gcggggagag
cgcteggteg
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6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761

8821

ttcggetgeg
caggggataa
aaaaggccgc
atcgacgctc
cccecctggaag
ccgectttet
gttcggtgta
accgctgegce
cgccactggce
cagagttctt
gcgctetget
aaaccaccgc
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgcctg
ccagtgcetge
accagccagce
agtctattaa
acgttgttgce
tcagctecgg
cggttagcetc
tcatggttat
ctgtgactgg
gctcttgecece
tcatcattgg
ccagttcgat
gcgtttcetgg
cacggaaatg
gttattgtct
ttccgegceac
cattaaccta
acggtgaaaa
atgccgggag
ggcttaacta
taccgcacag
gcaactgttyg
ggggatgtgc
gtaaaacgac

gcgageggta
cgcaggaaag
gttgctggceg
aagtcagagg
ctcecetegtyg
ccetteggga
ggtcgttege
cttatccggt
agcagccact
gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actccccgtce
aatgataccyg
cggaagggcc
ttgttgccgg
cattgctaca
ttceccaacga
cttcggtcect
ggcagcactg
tgagtactca
ggcgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga
atttcccecga
taaaaatagg
cctetgacac
cagacaagcc
tgcggcatca
atgcgtaagg
ggaagggcga
tgcaaggcga
ggccagtgcc

p5264_19BBZ (SEQ ID NO: 10)

1
61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021

acgcgtgtag
acatgcctta
cgatcgtgcce
attgccgeat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctc
gacctgaaag
cgcacggcaa
ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta

ggcaaagaga

tcagctcact
aacatgtgag
tttttccata
tggcgaaacc
cgctctcectg
agcgtggegce
tccaagetgg
aactatcgtc
ggtaacagga
cctaactacg
acctteggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgatcecgttg
cataattctc
accaagtcat
cgggataata

tcggggcgaa
cgtgcaccca

acaggaaggc
atactcttcecc
tacatatttg
aaagtgccac
cgtatcacga
atgcagctcc
cgtcagggcg
gagcagattg
agaaaatacc
tcggtgceggg
ttaagttggg

aagctg.

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgcttc
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagcet
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
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caaaggcggt
caaaaggcca

ggctccgece
cgacaggact
ttccgaccct
tttectcatag
gctgtgtgcea
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
tttgcaagca
ctacggggtc
tatcaaaaag
aaagtatata
tctcagecgat
ctacgatacg
gctcaccgge
gtggtcctge
taagtagttc
tgtcacgctc
ttacatgatc
tcagaagtaa
ttactgtcat
tctgagaata
ccgegecaca
aactctcaag
actgatcttc
aaaatgccgce
tttttcaata
aatgtattta
ctgacgtcta
ggcccttteg
cggagacggt
cgtcagcggg
tactgagagt
gcatcaggcyg
cctetteget
taacgccagg

gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagc
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
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aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gccgcttacce
ctcacgetgt
cgaacccecec
cccggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacg
tgacgctcag
gatcttcacc
tgagtaaact
ctgtctattt
ggagggctta
tccagattta
aactttatcc
gccagttaat
gtcgtttggt
cccececatgttg
gttggccgca
gccatccgta
gtgtatgcgg
tagcagaact
gatcttaccg
agcatctttt
aaaaaagggda
ttattgaagc
gaaaaataaa
agaaaccatt
tctegegegt
cacagcttgt
tgttggcggg
gcaccatatg
ccattcgcceca
attacgccag
gttttcccag

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg

tccacagaat
aggaaccgta
catcacaaaa
caggcgtttce
ggatacctgt
aggtatctca
gttcagccecyg
cacgacttat
ggcggtgcta
tttggtatct
tcecggcaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtctgaca
cgttcatcca
ccatctggcce
tcagcaataa
gcctecatcece
agtttgcgceca
atggcttcat
tgcaaaaaag
gtgttatcac
agatgctttt
cgaccgagtt
ttaaaagtgc
ctgttgagat
actttcacca
ataagggcga
atttatcagg
caaatagggg
attatcatga
ttcggtgatg
ctgtaagcgg
tgtcggggct
cggtgtgaaa
ttcaggetge
ctggcgaaag
tcacgacgtt

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggct
caaaaatttt
agcgggggayg
aatataaatt
ctggccetgtt
ttcagacagg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
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1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561

ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
attacacaag
aacaagaatt
attggctgtg
tagtttttge
ttcagaccca
gtggagagag
taacttttaa
taatagcaac
tatcgatact
cccacagtcce
tggcgcgggg
gggggagaac
gccgecagaa
cctacctgag
gcctcecctgaa
tgtccggcge
ctgcttgcectce
ctgtgaccgg
tgcctetgge
gcagectgag
tcagcaagta
accacaccag
ccgactacag
agcaaggcaa
gcggaggatc
gcggcecctgg
tgtccctgece
ggctgggcegt
tgaccatcat
ccgacgacac
tggactactg
gacctcccac
gtagacctgc
acatctgggc
tgtactgcaa
ccgtgcagac
gcggctgega
gacagaacca
acaagcggag
aaggcctgta
tgaagggcga
ccaccaagga
gatcecgeggce
ccggcecectte
gcatcaccgg
ccaagcaggg
cctacctget
gctacgagaa
agaagtacga
gcgtgatcegg
ccgacaagat
tgctggtggg
tggtggacag

tgggttcttyg
ggccagacaa

ggcgcaacag
cctggctgtyg
aaaactcatt
acagatttgg
cttaatacac
attggaatta
gtatataaaa
tgtactttct
ccteccaacce
agacagagac
aagaaaaggyg
agacatacaa
agtggatctg
ccgagaagtt
taaactggga
cgtatataag
cacagctgaa
gcecgccatcc
ctgcgtececge
tcecettggag
aactctacgt
cgcctactct
cctgcetgete
cgccagectyg
cctgaactgg
cagactgcac
cctgaccatce
caccctgcecee
tggcggaggt
cctggtggcec
cgattatgge
gatctggggc
caaggacaac
cgccatctac
gggccagggc
ccceageeccea
tgccggcgga
ccctetggec
gcggggcaga
cacacaggaa
gctgagagtg
gctgtacaac
aggcagagat
taacgaactg
gcggagaaga
cacctacgat
cgctgagggce
cggaatggag
caccctgaac
ccgeatgace
gagccacgtyg
ccccecttectg
ggacggcggc
cgacttcaag
catccgeage
cagcttcgcecc
ccacatgcac

ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
aatcacacga
tccttaattg
gataaatggg
ttattcataa
atagtgaata

ccgaggggac
agatccattc

gggattgggg
actaaagaat
cgatcgcetcec
g99999a999
aagtgatgtc
tgcagtagtc
gcttcgaggg
acgccggttg
cgtctaggta
cctacctaga
ctttgtttcg
agagccgcca
catgccgcceca
ggcgatagag
tatcagcaga
agcggecgtgce
tccaacctgg
tacaccttcg
ggaagtggcg
ccttctcagt
gtgtcecctgga
agcgagacaa
tccaagagcc
tactgcgcca
accagcgtga
acaattgcca
gccgtgcaca
ggcacatgtg
aagaaactgc
gaggacggct
aagttcagca
gagctgaacc
cccgagatgg
cagaaagaca
ggcaagggcc
gccctgceaca
agaggaagtc
agcgacgaga
ggcgtggagt
aacaagatga
atgggctacyg
cacgccatca
gtgctgcacg
gtggtgggca
aacgccacceyg
cgcaccttca
ttcaagagcg
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gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgccttg
cctggatgga
aagaatcgca
caagtttgtg
tgatagtagg
gagttaggca
ccgacaggcece
gattagtgaa
ggtacagtgc
tacaaaaaca
ggtgccegte
gtcggcaatt
gtgtactggc
gccgtgaacy
gctegecatcet
agtcgcgttc
agtttaaagc
ctcagecegge
ttttctgttce
ccatggccct
gacccgatat
tgaccatcag
aacccgacgg
ccagcagatt
aacaggaaga
gcggaggcac
gaggcggcag
ctctgtcegt
tceggecagece
cctactacaa
aggtgttcct
agcactacta
ccgtgtcectag
gccagcectcet
ccagaggact
gcgtgectgcet
tctacatctt
gctcctgcag
gatccgccga
tgggcagacg
gecggcaagcce
agatggccga
acgatggcct
tgcaggcecct
ttctaacatg
gcggcctgcec
tcgagctggt
agagcaccaa
gcttcectacca
acaacggcgg
tgagcttcag
ccggcttece
tggagcacct
gcctgecgecga
ccatccaccc
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gggcgcagceyg
gcagcagaac
ctggggceatce
acagctcctg
gaatgctagt
gtgggacaga
aaaccagcaa
gaattggttt
aggcttggta
gggatattca
cgaaggaata
cggatctcga
aggggaaaga
aattacaaaa
agtgggcaga
gaacgggtgc
tccgecetttt
ttcttttteg
ctccecttecacg
tgccgectcece
tcaggtcgag
tcteccacget
tgcgcegtta
gcctgtgaca
ccagatgacc
ctgccgggec
caccgtgaag
ttctggcagce
tatcgctacc
caagctggaa
cgaagtgaaa
gacctgtacc
tcccagaaag
cagcgeectg
gaagatgaac
ctacggcggce
cacaaccacc
gtctetgegy
ggatttcgcce
cctcagcctg
caagcagccc
attcceccgag
cgccceccetgece
ggaagagtac
cagacggaag
ggcctacagce
gtaccagggc
gccacccaga
cggtgacgtg
cgccatggag
gggcggcgga
aggcgecctyg
cttceggeacce
ctacaccaac
ctaccgctac
cgaggacagc
gcaccccatg

cggcggctac
cagcatcctg

tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
gaaattaaca
gaaaagaatg
aacataacaa
ggtttaagaa
ccattatcgt
gaagaagaag
cggtatcecggt
atagtagaca
ttcaaaattt
gcgcacatcg
ctagagaagg
tcccgagggt
caacgggttt
cgeecgecge
cgcecctgtggt
accgggcctt
ttgectgacce
cagatccaag
gctctgctgce
cagaccacca
agccaggaca
ctgctgatct
ggctccggca
tacttctgte
atcacaggcyg
ctgcaggaaa
gtgtccggceg
ggcctggaat
aagtcceccggce
agcctgcaga
agctacgcca
cctgcceecta
ccegaagcett
tgcgacatct
gtcatcaccc
ttcatgegge
gaagaagaag
taccagcagg
gacgtgctgg
aatcceccagg
gagatcggaa
ctgagcaccg
gaattcgaag
gaggagaatc
atcgagtgcc
gagggcaccc
accttcagec
taccccagcg
acccgcatcg
gaggccggcc
gtgatcttca

ggcgataacyg
tacagcttcg

cagaacgggg
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4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101

gcccecatgtt
tggagtacca
ccaattctge
tctaagtcga
actatgttgc
ttgctteceg
atgaggagtt
caacccccac
tccececctece
gggctcggcet
cttggctget
cttcggccect
ttccgegtcet
ctggtacctt
gaaaaggggy
tgtactgggt
aacccactgc
ctgttgtgtg
tctagcagta
atatcagaga
agcatcacaa
aaactcatca
gttccgccecca
ccgcecteggce
tttgcagaga
atccgctcac
cctaatgagt
gaaacctgtc

gtattgggcg
ggcgagcggt
acgcaggaaa
cgttgcectggce
caagtcagag
gctcectegt
tccetteggg
aggtcgttcg
ccttatecgg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactcccegt
caatgatacc
ccggaagggc
attgttgceg
ccattgctac
gttcccaacg
cctteggtec
tggcagcact
gtgagtactc
cggcgtcaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact

cgcettecge
gcacgccttce
cgtggacggce
caatcaacct
tccttttacg
tatggcttte
gtggccegtt
tggttggggce
tattgccacg
gttgggcact
cgcetgtgtt
caatccagcg
tcgeecttege
taagaccaat
gactggaagg
ctctctggtt
ttaagcctca
actctggtaa
gtagttcatg
gtgagaggaa
atttcacaaa
atgtatctta
ttctcecgece
ctctgagcecta
cggceccaaat
aattccacac
gagctaactc
gtgccagctg
ctctteeget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gegctctect
aagcgtggcg
ctccaagctg
taactatcgt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcatcgtg
atcaaggcga
tcecgategtt
gcataattct
aaccaagtca
acgggataat

ttcggggega
tcgtgcaccc

aacaggaagg
catactcttc

cgcgtggagg
aagaccccca
accgcecggac
ctggattaca
ctatgtggat
attttctecet
gtcaggcaac
attgccacca
gcggaactca
gacaattccg
gccacctgga
gaccttcctt
cctcagacga
gacttacaag
gctaattcac
agaccagatc
ataaagcttg
ctagagatcc
tcatcttatt
cttgtttatt
taaagcattt
tcatgtectgg
catggctgac
ttccagaagt
tcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcectegetea
tcaaaggcgg
gcaaaaggcc
aggctccgcecce
ccgacaggac
gttcecgaccce
ctttctcata
ggctgtgtgce
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagc
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcacecgg
agtggtcctyg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcgccecac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat
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agctgcacag
tcgeecttege
ccggctecac
aaatttgtga
acgctgcttt
ccttgtataa
gtggcgtggat
cctgtcagcet
tcgecegectg
tggtgttgte
ttctgecgegyg
cccecgeggect
gtcggatctc
gcagctgtag
tcceccaacgaa
tgagcctggg
ccttgagtge
ctcagaccct
attcagtatt
gcagcttata
ttttcactgc
ctctagcetat
taattttttt
agtgaggagyg
ggtcatagct
ccggaagcat
cgttgegetce
tcggccaacg
ctgactegcet
taatacggtt
agcaaaaggc
cccecctgacga
tataaagata
tgcecgettac
gctcacgctg
acgaaccccec
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttg
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tctgtctatt
gggagggctt
ctccagattt
caactttatc
cgccagttaa
cgtegtttgg
ccccececatgtt
agttggccge
tgccatccgt
agtgtatgcg
atagcagaac
ggatcttacc
cagcatcttt
caaaaaaggg
attattgaag
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caacaccgag
cagatcccgce
cggatctcge
aagattgact
aatgcctttg
atcctggttyg
gtgcactgtyg
ccttteecggg
ccttgecege
ggggaaatca
gacgtccttce
gctgcececggcet
cctttgggcece
atcttagcca
aataagatct
agctctctgg
ttcaagtagt
tttagtcagt
tataacttgce
atggttacaa
attctagttg
ccegcececta
tatttatgca
cttttttgga
gtttectgtyg
aaagtgtaaa
actgcccgcet
cgcggggaga
gcgcteggtce
atccacagaa
caggaaccgt
gcatcacaaa
ccaggcegttt
cggatacctg
taggtatctc
cgttcagccce
acacgactta
aggcggtget
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tcgttecatcece
accatctggc
atcagcaata
cgcectcecatce
tagtttgcge
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg
gctgttgaga
tactttcacc

aataagggcg
catttatcag

ctgggcatcg
gctcagtcgt
tagagctgaa
ggtattctta
tatcatgcta
ctgtctettt
tttgctgacg
actttcgett
tgctggacag
tcgtecttte
tgctacgtcece
ctgcggcectce
gcctceceege
ctttttaaaa
gectttttget
ctaactaggg
gtgtgccecgt
gtggaaaatc
aaagaaatga
ataaagcaat
tggtttgtcc
actccgecca
gaggccgagyg
ggcctagact
tgaaattgtt
gcectggggtyg
ttccagtcgg
ggcggtttge
gttcggctgce
tcaggggata
aaaaaggccg
aatcgacgct
cceectggaa
tcegecttte
agttcggtgt
gaccgctgeg
tcgecactgg
acagagttct
tgcgctcectge
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgccet
cccagtgcetg
aaccagccag
cagtctatta
aacgttgttg
ttcagctcecg
gcggttagcet
ctcatggtta
tctgtgactg
tgctcttgcce
ctcatcattg
tccagttcga
agcgtttctyg
acacggaaat
ggttattgtc
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8161
8221
8281
8341
8401
8461
8521
8581
8641

8701

tcatgagcgg
catttccccg
ataaaaatag
acctctgaca
gcagacaagc
atgcggcatc
gatgcgtaag
gggaagggcyg
ctgcaaggcg
cggccagtge

atacatattt
aaaagtgcca
gcgtatcacyg
catgcagctc
ccgtcagggce
agagcagatt
gagaaaatac
atcggtgcgg
attaagttgg

caagctg.

TFP (TRuC) constructs
p510_antiCD19 LL TCRalpha (SEQ ID NO: 11)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761

acgcgtgtag
acatgectta
cgatcgtgcce
attgccgcat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttcct
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttyg
tgacgcaaat
tgaaccgtca
agagccgcca
gcattcctcece
ctgggagaca
tggtatcagc
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat

ggcctggtygg

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgcecet
gagatccctc
gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttg
ggccagacaa

ggcgcaacag
cctggetgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctceccaacce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg

gatcgcctgg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tccecatcaag
tggagcaaga
tcggaggggag
ctggcgaggg
cgcectcaca

gaatgtattt
cctgacgtct
aggcccttte
ccggagacgg
gcgtcagegg
gtactgagag
cgcatcaggce
gcctcecttege
gtaacgccag

tactcttgta
aaaagcaccyg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgctte
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggace
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggatttce
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggc
agatattgcc
gactaagttg
atccaccaag
gagcctgtcec
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agaaaaataa
aagaaaccat
gtctecgcgeyg
tcacagcttg
gtgttggcgg
tgcaccatat
geccattcegece
tattacgcca
ggttttccca

gtcttgcaac
tgcatgeccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagce
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacc
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgccttg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggcce
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttctge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
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acaaataggg
tattatcatg
tttcecggtgat
tctgtaagcg
gtgtcggggc
gcggtgtgaa
attcaggctyg
gctggcgaaa
gtcacgacgt

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgceccgtetg
gaaaatctct
tctcgacgca
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcc
gcagcagaac
ctggggceatce
acagctcctyg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta
ggcttggtag
ggatattcac
gaaggaatag
ggatctcgac
ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catcctecect
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctecagg

gttccgegea
acattaacct
gacggtgaaa
gatgccggga
tggcttaact
ataccgcaca
cgcaactgtt

gggggatgtg
tgtaaaacga

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggcet
caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagyg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcecgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tcegceceecat
gctcegtttag
agaagattct
accacaccca
gtctgectet
atatttaaat
atcaagatta
ttctcteacce
taatacgctt
tggatccggce
gtcaggacct
ggtctcatta
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2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301

cccgactatg
gtaatatggg
atcaaggaca
acagccattt
tggggtcaag
cctecttacce
gaggtgaatg
agcgctgtta
caagaacttg
aaagaccaac
acagagaccc
gggggttacc
cagaaccctg
tgcctattcea
tatatcacag
gtggcctgga
ccagaagaca
agctttgaaa
ctcecctectga
taagaattcg
gagcgcacat
gcctagagaa
tttcececgagg
cgcaacgggt
cgegcceegec
ccegcectgtg
agaccgggcc
ctttgcctga
tacagatcca
cctegecacce
ctaccccgcece
gcaagaactc
cggcgcecgeg
cgagatcgge
ggaaggcctc
cgtctcecgecce
ggcggccgag
cttctacgag
cacctggtgce
aatttgtgaa
cgctgettta
cttgtataaa
tggcgtggtg
ctgtcagcte
cgecgectge
ggtgttgtcg
tctgecgeggg
ccgeggectg
tcggatctece
cagctgtaga
cccaacgaaa
gagcctggga
cttgagtget
tcagaccctt
ttcagtattt
cagcttataa
tttcactgca
tctagctatc
aatttttttt

gtgtaagctyg
gtagtgaaac
actccaagag
actactgtgc
gaacctcagt
taggtggcgg
gagagaatgt
tcaagtgtac
gaaaaagacc
gaattgctgt
aacctgaaga
agaaagttac
accctgcecgt
ccgattttga
acaaaactgt
gcaacaaatc
ccttettecce
cagatacgaa
aagtggccgyg
atccgcggcec
cgcccacagt
ggtggcgcegg
gtgggggaga
ttgcecgecag
gccctaccetyg
gtgcctcetyg
tttgtcecgge
ccctgettge
agctgtgacc
cgcgacgacyg
acgcgccaca
ttcctcacge
gtggcggtcet
ccgegecatgg
ctggcgccge
gaccaccagg
cgcgceegggy
cggeteggcet
atgacccgca
agattgactg
atgcctttgt
tcctggttge
tgcactgtgt
ctttceggga
cttgceceget
gggaaatcat
acgtccttct
ctgecggcete
ctttgggecyg
tcttagccac
ataagatctg
gctectetgge
tcaagtagtg
ttagtcagtg
ataacttgca
tggttacaaa
ttctagttgt
ccgcecccectaa
atttatgcag

gattcgccag
cacatactat
ccaagttttce
caaacattat
caccgtctcce
cggttetggt
ggagcagcat
ttattcagac
tcagcttatt
tacattgaac
cteggetgte
ctttggaact
gtaccagctg
ttctcaaaca
gctagacatg
tgactttgca
cagcccagaa
cctaaacttt
gtttaatctg
gcgaaggatc
ccccgagaag
ggtaaactgg
accgtatata
aacacagctg
aggccgccat
aactgcgtcecc
gctccettgg
tcaactctac
ggcgectacyg
tcececcaggge
ccgtcgatcce
gcgtcgggcet
ggaccacgcec
ccgagttgag
accggcccaa
gcaagggtct
tgceccecgectt
tcaccgtcac
agcccggtgce
gtattcttaa
atcatgctat
tgtctcttta
ttgctgacgce
ctttcecgettt
gctggacagg
cgtcctttcece
gctacgtccc
tgcggectet
ccteceegec
tttttaaaag
ctttttgett
taactaggga
tgtgccegte
tggaaaatct
aagaaatgaa
taaagcaata
ggtttgtcca
ctccgcececag

aggccgaggc
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cctecacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggceccg
ggcggeggtt
ccttcaacce
agtgcctcaa
atagacattc
aagacagcca
tacttctgtg
ggaacaaagc
agagactcta
aatgtgtcac
aggtctatgg
tgtgcaaacg
agttcctgtg
caaaacctgt
ctcatgacge
tgcgatcgct
ttggggggag
gaaagtgatg
agtgcagtag
aagcttcgag
ccacgceeggt
gccgtetagy
agcctaccta
gtctttgttt
ctagatgacc
cgtacgceacce
ggaccgccac
cgacatcggce
ggagagcgtc
cggttcececegyg
ggagcccgcg
gggcagcgcc
cctggagacce
cgcecgacgte
ctgagtcgac
ctatgttgct
tgcttcececgt
tgaggagttg
aacccccact
cceectecct
ggcteggcetg
ttggctgcectc
ttcggceccte
tcegegtett
tggtaccttt

aaaagggggyg

gtactgggtc
acccactget

tgttgtgtga
ctagcagtag
tatcagagag
gcatcacaaa
aactcatcaa
ttccgeccat
cgcctcecggcec
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agggtctgga
tcaaatccag

acagtctgeca
gtagctatgc
caattgaagt
ctggtggcgg
tgagtgtcca
actacttccc
gttcaaatgt
aacatttctc
cagcaagtag
tccaagtcat
aatccagtga
aaagtaagga
acttcaagag
ccttcaacaa
atgtcaagct
cagtgattgg
tgcggcetgtg
ccggtgcececg
gggtcggcaa
tcgtgtactg
tcgcecgtgaa
gggctcgcat
tgagtcgcgt
taagtttaaa
gactcagccg
cgttttctgt
gagtacaagc
ctecgcegeeg
atcgagcggg
aaggtgtggg
gaagcggggy
ctggcegcege
tggttcctgg
gtcgtgcectcce
tcegegeccece
gaggtgcccg
aatcaacctc
ccttttacgce
atggctttca
tggccegttg
ggttggggca
attgccacgg
ttgggcactg
gcctgtgttg
aatccagcgg
cgecttegec
aagaccaatg
actggaaggg
tctctggtta
taagcctcaa
ctctggtaac
tagttcatgt
tgagaggaac
tttcacaaat
tgtatcttat
tctccgecece
tctgagctat

gtggctggga
actgaccatc
aactgatgac
tatggactac
tatgtatcct
cggttctcte
ggagggagac
ttggtataag
gggcgaaaag
cctgcacatce
gaaggactct
cccaaatatce
caagtctgtc
ttctgatgtg
caacagtgct
cagcattatt
ggtcgagaaa
gttccgaatc
gtccagctga
tcagtgggca
ttgaacgggt
gcteegecett
cgttettttt
ctcteccttcea
tctgcegect
gctcaggtceg
gctctccacg
tctgcgececgt
ccacggtgcg
cgttcecgecga
tcaccgagct
tcgcggacga
cggtgttcge
agcaacagat
ccaccgtcgg
ccggagtgga
gcaacctecce
aaggaccgcyg
tggattacaa
tatgtggata
ttttctecte
tcaggcaacg
ttgccaccac
cggaactcat
acaattccgt
ccacctggat
accttccttce
ctcagacgag
acttacaagg
ctaattcact
gaccagatct
taaagcttge
tagagatccce
catcttatta
ttgtttattg
aaagcatttt
catgtctgge
atggctgact
tccagaagta
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6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761
8821
8881
8941
9001

gtgaggaggc
gtcatagctg
cggaagcata
gttgcgctca
cggccaacgc
tgactcecgcectg
aatacggtta
gcaaaaggcc
ccctgacgag
ataaagatac
gccgettacce
ctcacgctgt
cgaacccccce
cceggtaaga
gaggtatgta
aaggacagta
tagctcttga
gcagattacg
tgacgctcag
gatcttcacc
tgagtaaact
ctgtctattt
ggagggctta
tccagattta
aactttatcc
gccagttaat
gtcgtttggt
ccccatgttg
gttggccgcea
gccatccegta
gtgtatgcgg
tagcagaact
gatcttaccyg
agcatctttt
aaaaaaggga
ttattgaagc
gaaaaataaa
agaaaccatt
tctcgegegt
cacagcttgt
tgttggcggg
gcaccatatg
ccattcgcca
attacgccag
gttttccecag

ttttttggag
tttcectgtgt
aagtgtaaag
ctgccecgett
gcggggagag
cgcteggteg
tccacagaat
aggaaccgta
catcacaaaa
caggcgttte
ggatacctgt
aggtatctca
gttcagccecg
cacgacttat
ggcggtgcta
tttggtatct
tccggcaaac
cgcagaaaaa
tggaacgaaa
tagatccttt
tggtctgaca
cgttcatcca
ccatctggcc
tcagcaataa
gcecctecatce
agtttgcgca
atggcttcat
tgcaaaaaag
gtgttatcac
agatgetttt
cgaccgagtt
ttaaaagtgc
ctgttgagat
actttcacca
ataagggcga
atttatcagg
caaatagggyg
attatcatga
ttcggtgatg
ctgtaagcgg
tgtcggggct
cggtgtgaaa
ttcaggctgce
ctggcgaaag
tcacgacgtt

gcctagactt
gaaattgtta

cctggggtge
tccagtcggg
gcggtttgcg
ttcggetgeg
caggggataa
aaaaggccgc
atcgacgctc
ccecctggaag
ccgectttet
gttcggtgta
accgctgegce
cgcecactgge
cagagttctt
gcgctctgcet
aaaccaccgc
aaggatctca
actcacgtta
taaattaaaa
gttaccaatg
tagttgectg
ccagtgctgce
accagccagc
agtctattaa
acgttgttgc
tcagctcegg
cggttagcetc
tcatggttat
ctgtgactgg
gctcttgecce
tcatcattgg
ccagttcgat
gcgtttcetgg
cacggaaatg
gttattgtct
ttcegegceac
cattaaccta
acggtgaaaa
atgccgggag
ggcttaacta
taccgcacag
gcaactgttg
ggggatgtgc
gtaaaacgac

ttgcagagac
tccgectcaca
ctaatgagtg
aaacctgtcg
tattgggcgc
gcgageggta
cgcaggaaag
gttgctggceg
aagtcagagg
ctcectegtyg
ccetteggga
ggtcgttcge
cttatccggt
agcageccact
gaagtggtgg
gaagccagtt
tggtagcggt
agaagatcct
agggattttg
atgaagtttt
cttaatcagt
actccecgte
aatgataccg
cggaagggcc
ttgttgccgyg
cattgctaca
ttcccaacga
cttcggtcect
ggcagcactyg
tgagtactca
ggcgtcaata
aaaacgttct
gtaacccact
gtgagcaaaa
ttgaatactc
catgagcgga
atttccccga
taaaaatagg
cctctgacac
cagacaagcc
tgcggcatca
atgcgtaagg
ggaagggcga
tgcaaggcga
ggccagtgcce

Pp510_antiCD19 LL TCRalphaC (SEQ ID NO: 12)

1
61
121
181
241
301
361
421
481
541
601
661
721

acgcgtgtag
acatgectta
cgatcgtgcce
attgccgcat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgcecet
gagatccctc
gacctgaaag
cgcacggcaa
ggctagaagg
cgatgggaaa

gtatgggcaa
gaaggctgta

tactcttgta
aaaagcaccyg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgctte
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact

89

gtcttgcaac
tgcatgeccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagce
aaggccaggyg
agaacgattc

gggacagcta
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ggcccaaatt
attccacaca
agctaactca
tgccagctgce
tcttcegett
tcagctcact
aacatgtgag
tttttccata
tggcgaaacc
cgctctectg
agcgtggegce
tccaagctgg
aactatcgtc
ggtaacagga
cctaactacg
accttcggaa
ggtttttttg
ttgatctttt
gtcatgagat
aaatcaatct
gaggcaccta
gtgtagataa
cgagacccac
gagcgcagaa
gaagctagag
ggcatcgtgg
tcaaggcgag
ccgatcecgttg
cataattctc
accaagtcat
cgggataata

tcggggcgaa
cgtgcaccca

acaggaaggc
atactcttcc
tacatatttg
aaagtgccac
cgtatcacga
atgcagctcc
cgtcagggcg
gagcagattg
agaaaatacc
tcggtgcggg
ttaagttggg
aagctg.

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgceccgtetg
gaaaatctct
tctcgacgca
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc

cgtaatcatg
acatacgagc
cattaattge
attaatgaat
cctcgcetcecac
caaaggcggt
caaaaggcca
ggctccgecce
cgacaggact
ttcecgaccct
tttectcatag
gctgtgtgca
ttgagtccaa
ttagcagagc
gctacactag
aaagagttgg
tttgcaagca
ctacggggtce
tatcaaaaag
aaagtatata
tctcagecgat
ctacgatacg
gctcaccggce
gtggtcctge
taagtagttc
tgtcacgctce
ttacatgatc
tcagaagtaa
ttactgtcat
tctgagaata
ccgecgcecaca
aactctcaag
actgatcttc
aaaatgccgce
tttttcaata
aatgtattta
ctgacgtcta
ggcccttteg
cggagacggt
cgtcagcggg
tactgagagt
gcatcaggcg
cctectteget
taacgccagg

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggcet
caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagyg
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781

841

901

961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261

atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg
tgacgcaaat
tgaaccgtca
agagccgccea
gcattcctcc
ctgggagaca
tggtatcagce
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtygg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt
tggggtcaag
cctecttacce
gagccaaata
gacaagtctg
gattctgatg
agcaacagtg
aacagcatta
ctggtcgaga
gggttccgaa
tggtccaget
cgtcagtggg
aattgaacgg
tggctccgcece
aacgttcttt
atctctceccett
gttctgccege
aagctcaggt
cggctctceca
gttctgcegece
gcccacggtg
cgcgttcgcece

cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa

ggcgcaacag
cctggctgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctccecaaccce
gacagagaca
agaaaagggy
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg

gatcgectgyg
ccatgcttet

tgatcccaga
gagtcaccat
agaaaccaga
tccecatcaag
tggagcaaga
tcggaggggg
ctggcgaggg
cgcectcecaca
gtgtaagctg
gtagtgaaac
actccaagag
actactgtgce
gaacctcagt
taggtggcgg
tccagaacce
tctgcctatt
tgtatatcac
ctgtggectyg
ttccagaaga
aaagctttga
tcectectect
gataagaatt
cagagcgcac
gtgcctagag
tttttcecega
ttcgcaacgyg
cacgcgeccyg
ctcecegectg
cgagaccggg
cgctttgect
gttacagatc
cgcctcecgeca
gactaccccg

tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggc
agatattgcc
gactaagttg
atccaccaag
gagcctgtcec
gattcgccag
cacatactat
ccaagttttce
caaacattat
caccgtctcce
cggttectggt
tgaccctgec
caccgatttt
agacaaaact
gagcaacaaa
caccttette
aacagatacg
gaaagtggcc
cgatcegegg
atcgcccaca
aaggtggcgce
gggtggggga
gtttgccgece
ccgecctacce
tggtgcctcce
cctttgtecg
gacccetgett
caagctgtga
cccgcgacga
ccacgcgcca

90

agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttcectge
acacagacta
gcaagtcagg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctccacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggceccg
ggcggcggtt
gtgtaccagc
gattctcaaa
gtgctagaca
tctgactttyg
cccageccag
aacctaaact
gggtttaatc
ccgcgaagga
gtcccececgaga
ggggtaaact
gaaccgtata
agaacacagc
tgaggcegce
tgaactgcgt
gcgctcceccett
gctcaactct
ccggcegecta
cgtccceccagg
caccgtcgat
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ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catcctcect
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctecagg
agggtctgga
tcaaatccag
acagtctgeca
gtagctatgce
caattgaagt
ctggtggcgg
tgagagactc
caaatgtgtc
tgaggtctat
catgtgcaaa
aaagttcctyg
ttcaaaacct
tgctcatgac
tctgcgatceg
agttgggggg
gggaaagtga
taagtgcagt
tgaagcttceg
atccacgceceg
ccgccecgtceta
ggagcctacc
acgtcectttgt
cgctagatga
gccgtacgca
ccggaccgcec

tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcecgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tccgececcecat
gctcgtttag
agaagattct
accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctcteacce
taatacgctt
tggatccggce
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
tatgtatcct
cggttctcecte
taaatccagt
acaaagtaag
ggacttcaag
cgcctteaac
tgatgtcaag
gtcagtgatt
gctgcggcectg
ctceceggtgece
aggggtcggce
tgtcgtgtac
agtcgccecgtg
aggggctcgce
gttgagtcgc
ggtaagttta
tagactcagc
ttcgttttet
ccgagtacaa
ccctegecge
acatcgagcg
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4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801

ggtcaccgag
ggtcgcggac
ggcggtgttc
gcagcaacag
ggccaccgtce
ccceceggagtg
ccgcaaccte
cgaaggaccg
tctggattac
gctatgtgga
cattttctec
tgtcaggcaa
cattgccacc
ggcggaactc
tgacaattcc
tgccacctgg
ggaccttcct
ccctcagacg
tgacttacaa
ggctaattca
tagaccagat
aataaagctt
actagagatc
gtcatcttat
acttgtttat
ataaagcatt
atcatgtctg
ccatggctga
attccagaag
ttcgtaatca
caacatacga
cacattaatt
gcattaatga
ttecctegcete
ctcaaaggcg
agcaaaaggc
taggcteccge
cccgacagga
tgttcecgacc
gctttctcecat
gggctgtgtg
tcttgagtcce
gattagcaga
cggctacact
aaaaagagtt
tgtttgcaag
ttctacgggg
attatcaaaa
ctaaagtata
tatctcagcg
aactacgata
acgctcacceyg
aagtggtcct
agtaagtagt
ggtgtcacgce
agttacatga
tgtcagaagt
tcttactgtc
attctgagaa

ctgcaagaac
gacggcgccg
gccgagatceg
atggaaggcc
ggcgtctcge
gaggcggccy
ccecttetacyg
cgcacctggt
aaaatttgtg
tacgctgcett
tcecttgtata
cgtggcgtgg
acctgtcagc
atcgcegect
gtggtgttgt
attctgcgeg
tccecgeggec
agtcggatct
ggcagctgta
ctcccaacga
ctgagcctgg
gccttgagtyg
cctcagaccc
tattcagtat
tgcagcttat
tttttcactyg
gctctagcta
ctaatttttt
tagtgaggag
tggtcatage
gccggaagcea
gcgttgcgcet
atcggcecaac
actgactcgce
gtaatacggt
cagcaaaaggd
cceectgacyg
ctataaagat
ctgcecgcetta
agctcacgct
cacgaaccce
aacccggtaa
gcgaggtatg
agaaggacag
ggtagctett
cagcagatta
tctgacgctc
aggatcttca
tatgagtaaa
atctgtctat
cgggagggct
gctceccagatt
gcaactttat
tcgccagtta
tcgtegtttg
tccececcatgt
aagttggccg
atgccatccg
tagtgtatgc

tcttcecteac
cggtggcggt
gccegcegeat
tcctggegcece
ccgaccacca
agcgegceegyg
agcggcetcegg
gcatgacccg
aaagattgac
taatgccettt
aatcctggtt
tgtgcactgt
tcecttteegg
geccttgeecyg
cggggaaatc
ggacgtcctt
tgctgeccggce
ccetttggge
gatcttagcc
aaataagatc
gagctctctg
cttcaagtag
ttttagtcag
ttataacttg
aatggttaca
cattctagtt
tccecgecect
ttatttatgc
gettttttgg
tgtttcecectgt
taaagtgtaa
cactgcccgce
gcgcggggayg
tgecgcteggt
tatccacaga
ccaggaaccg
agcatcacaa
accaggcgtt
ccggatacct
gtaggtatct
ccgttcecagece
gacacgactt
taggcggtge
tatttggtat
gatccggcaa
cgcgcagaaa
agtggaacga
cctagatccet
cttggtctga
ttcgttcatc
taccatctgg
tatcagcaat
ccgectecat
atagtttgcg
gtatggcttc
tgtgcaaaaa
cagtgttatc
taagatgctt

ggcgaccgag
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gcgegtcegag
ctggaccacg
ggccgagttg
gcaccggccec
gggcaagggt
ggtgcccegcece
cttecacegte
caagcccggt
tggtattctt
gtatcatgct
gctgtcectett
gtttgctgac
gactttcgcet
ctgectggaca
atcgtecttt
ctgctacgtc
tctgcggect
cgcceteceecyg
actttttaaa
tgctttttge
gctaactagg
tgtgtgcccg
tgtggaaaat
caaagaaatg
aataaagcaa
gtggtttgtc
aactccgeccc
agaggccgag
aggcctagac
gtgaaattgt
agcctggggt
tttccagtcg
aggcggtttyg
cgttcecggetyg
atcaggggat
taaaaaggcc
aaatcgacgc
tcececctgga
gtccgecttt
cagttcggtg
cgaccgetge
atcgccactg
tacagagttc
ctgegetetyg
acaaaccacc
aaaaggatct
aaactcacgt
tttaaattaa
cagttaccaa
catagttgcc
ccccagtgcet
aaaccagcca
ccagtctatt
caacgttgtt
attcagctcc
agcggttagce
actcatggtt
ttctgtgact
ttgctcttge
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ctcgacatcg
ccggagagcg
agcggttccec
aaggagcccg
ctgggcagcg
ttectggaga
accgcececgacyg
gcctgagtecg
aactatgttg
attgcttccecc
tatgaggagt
gcaaccceca
ttcecectee
ggggctcggce
ccttggetge
ccttcggecce
cttccgegte
cctggtaccet
agaaaagggyg
ttgtactggg
gaacccactg
tctgttgtgt
ctctagcagt
aatatcagag
tagcatcaca
caaactcatc
agttccgccce
gccgectegg
ttttgcagag
tatccgctcea
gcctaatgag
ggaaacctgt
cgtattggge
cggcgagcgg
aacgcaggaa
gcgttgetgg
tcaagtcaga
agctcecteg
ctccettegg
taggtcgttc
geccttatecg
gcagcagcca
ttgaagtggt
ctgaagceccag
gctggtagceg
caagaagatc
taagggattt
aaatgaagtt
tgcttaatca
tgactcceccg
gcaatgatac
gccggaaggyg
aattgttgcc
gccattgcta
ggttcccaac
tcetteggte
atggcagcac
ggtgagtact
ccggcegtceaa

gcaaggtgtg
tcgaagcggg
ggctggccgce
cgtggttcect
ccgtegtget
cctecgegec
tcgaggtgece
acaatcaacc
ctccttttac
gtatggcttt
tgtggcecgt
ctggttgggg
ctattgccac
tgttgggcac
tcgectgtgt
tcaatccagce
ttcgecctteg
ttaagaccaa
ggactggaag
tctctectggt
cttaagcctc
gactctggta
agtagttcat
agtgagagga
aatttcacaa
aatgtatctt
attctccgcec
cctctgagcet
acggcccaaa
caattccaca
tgagctaact
cgtgccagcet
gctetteege
tatcagctca
agaacatgtg
cgtttttcceca
ggtggcgaaa
tgcgctcetece
gaagcgtggce
gctccaagcect
gtaactatcg
ctggtaacag
ggcctaacta
ttaccttcgyg
gtggtttttt
ctttgatctt
tggtcatgag
ttaaatcaat
gtgaggcacc
tcgtgtagat
cgcgagaccc
ccgagegcecag
gggaagctag
caggcatcgt
gatcaaggcg
ctcecgatcegt
tgcataattc
caaccaagtc
tacgggataa
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7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581

8641
p510_
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221
2281
2341
2401
2461
2521
2581

taccgcecgcceca
aaaactctca
caactgatct
gcaaaatgcc
cctttttcaa
tgaatgtatt
acctgacgtc
gaggcccttt
cccggagacg
cgcecgtcecageg
tgtactgaga
ccgcatcagg
ggcctetteg

ggtaacgcca

catagcagaa
aggatcttac
tcagcatctt
gcaaaaaagg
tattattgaa
tagaaaaata
taagaaacca
cgtctcecgege
gtcacagctt
ggtgttggcg
gtgcaccata
cgccattcecge
ctattacgcc

gggttttcce

ctttaaaagt
cgctgttgag
ttactttcac
gaataagggc
gcatttatca
aacaaatagg
ttattatcat
gtttcggtga
gtctgtaagce
ggtgtcgggg
tgecggtgtga
cattcaggct
agctggcgaa
agtcacgacyg

antiCD19 _LL TCRbeta (SEQ ID NO: 13)

acgcgtgtag
acatgcctta
cgatcgtgece
attgccgeat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaagcg
gactagcgga
aattagatcyg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcect
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg
tgacgcaaat
tgaaccgtca
agagccgcca
gcattcctcc
ctgggagaca
tggtatcagce
cactcaggag
attagcaacc

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctce
gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa

ggcgcaacag
cctggetgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctccecaaccce
gacagagaca
agaaaagggy
gacatacaaa
gtattatgcc
agtcatcget
gtttgactca
gcaccaaaat

gggcggtagg

gatcgecctgyg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tcccatcaag

tggagcaaga

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcctgggagce
tgagtgcttc
agaccctttt
cgaaagggaa
gaggcgaggyg
agagagatgg
aaattcggtt
gcagggagcet
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggce
agatattgcc
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gctcatcatt
atccagttcg
cagecgtttcet
gacacggaaa
gggttattgt
ggttccgege
gacattaacc
tgacggtgaa
ggatgccggg
ctggcttaac
aataccgcac
gcgcaactgt
agggggatgt
ttgtaaaacg

gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctctggceta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcgactg
gtgcgagagc
aaggccaggy
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttctge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
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ggaaaacgtt
atgtaaccca
gggtgagcaa
tgttgaatac
ctcatgagcg
acatttcccecc
tataaaaata
aacctctgac
agcagacaag
tatgcggcat
agatgcgtaa
tgggaagggce
gctgcaaggce
acggccagtyg

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctyg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catcctccecct
acattagtaa
tctaccatac
gaacagatta

gccaacaggg

ctteggggcg
ctcgtgcacc

aaacaggaag
tcatactctt
gatacatatt
gaaaagtgcc
ggcgtatcac
acatgcagct
cccgtcaggg
cagagcagat
ggagaaaata
gatcggtgcg
gattaagttg

ccaagctg.

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgctta
ttgtgtgact
agcagtggcyg
ggactcggct
caaaaatttt
agcgggggag
aatataaatt
ctggccetgtt
ttcagacagg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tccgececcecat
gctcgtttag
agaagattct
accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctecteacce
taatacgctt



WO 2016/187349

2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121

ccgtacacgt
aagcccggat
ggcctggtygg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt
tggggtcaag
cctecttacce
gagctgggag
gcaactggac
tggtaccaac
gagagagcaa
tctgaactaa
agecccececgga
gtagaggacc
gagatctccc
cacgtggagce
ccgceageccec
ctgagggtct
ttctacgggce
atcgtcageyg
caaggggtcc
gctgtgetgg
gaattcgatc
cgcacatcge
tagagaaggt
cccgagggtyg
aacgggtttyg
gccegecegec
gcctgtggtg
ccgggecttt
tgcctgaccece
agatccaagc
cgccacccgce
cccegecacg
agaactcttc
cgccgeggtyg
gatcggccecg
aggcctcctg
ctecgcceegac
ggccgagcgc
ctacgagcgg
ctggtgeatg
ttgtgaaaga
tgctttaatg
gtataaatcc
cgtggtgtge
tcagctectt
cgcctgecett

gttgtcgggg
gcgcgggacyg
cggectgcetg
gatctccctt
ctgtagatct
aacgaaaata
cctgggaget
gagtgcttca
gaccctttta

tcggaggggyg
ctggcgaggg
cgcectcecaca
gtgtaagctg
gtagtgaaac
actccaagag
actactgtgce
gaacctcagt
taggtggcgg
caggcccagt
agcgagtgac
agagcctgga
aaggaaacat
acctgagctc
caggcctgaa
tgaacaaggt
acacccaaaa
tgagctggtg
tcaaggagca
cggccacctt
tctcggagaa
ccgaggectyg
tgtctgccac
tcagcgccct
cgcggecgey
ccacagtcce
ggcgcggggat
ggggagaacc
ccgecagaac
ctacctgagyg
cctceccectgaac
gtccggcegcet
tgcttgectca
tgtgaccgge
gacgacgtcc
cgccacaccg
ctcacgegceg
gcggtctgga
cgcatggeccg
gcgcecgcacce
caccagggca
gccggggtgce
ctcggcecttceca
acccgeaagce
ttgactggta
cctttgtatc
tggttgctgt
actgtgtttyg
tcegggactt
gcccgetget
aaatcatcgt
tcecttetget
ccggctetge
tgggccgect
tagccacttt
agatctgctt
ctctggcectaa
agtagtgtgt
gtcagtgtgg

gactaagttyg
atccaccaag
gagcctgtcec
gattcgccag
cacatactat
ccaagttttce
caaacattat
caccgtctcce
cggttectggt
ggattctgga
gctgagatgce
ccagggcctce
tcttgaacga
tctggagcetg
cactgaagcet
gttcccaccc
ggccacactg
ggtgaatggg
gccegececte
ctggcagaac
tgacgagtgg
gggtagagca
catcctctat
tgtgttgatg
aaggatctgc
cgagaagttg
aaactgggaa
gtatataagt
acagctgaag
ccgceccatccea
tgcgtccgcece
cccttggagce
actctacgtc
gcctacgeta

ccagggccgt
tcgatccgga

tcgggetega
ccacgcecgga
agttgagcgg
ggcccaagga

agggtctggg
ccgcecttect

ccgtcaccgce
ccggtgectg
ttcttaacta
atgctattgc
ctctttatga
ctgacgcaac
tcgetttecece
ggacaggggc
cctttecttg
acgtcccttce
ggcctcecttec
cccececgectgg
ttaaaagaaa
tttgcttgta
ctagggaacc
gccegtcetgt
aaaatctcta
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gaaataacag
ggcgaggtga
gtcacatgca
cctccacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggceccg
ggcggcggtt
gtcacacaaa
tccecectaggt
cagttcctca
ttctcecgeac
ggggactcag
ttctttggac
gaggtcgcectg
gtgtgcctgg
aaggaggtgc
aatgactcca
ccccgcaacce
acccaggata
gactgtggct
gagatcctgc
gccatggtca
gatcgctecyg

g99999a9999
agtgatgtcg
gcagtagtcg
cttcgagggg
cgceggttga
gtctaggtaa
ctacctagac
tttgtttcgt
gatgaccgag
acgcaccctc
ccgccacatce
catcggcaag
gagcgtcgaa
ttcceggetyg
gcccgegtgyg
cagecgceegte
ggagacctcc
cgacgtcgag
agtcgacaat
tgttgctcct
ttccegtatg
ggagttgtgg
ccceecactggt
cctecctatt
tcggectgttg
gctgctcecgcec
ggccctcaat
gegtettege
tacctttaag
aggggggact
ctgggtcetcet
cactgcttaa
tgtgtgactc
gcagtagtag
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gctccacctce
aactgcagga
ctgtctecagg
agggtctgga
tcaaatccag
acagtctgeca
gtagctatgce
caattgaagt
ctggtggcgg
ccccaaagea
ctggagacct
ttcagtatta
aacagttccc
ctttgtattt
aaggcaccag
tgtttgagcc
ccacaggctt
acagtggggt
gatactgccet
acttcecgcectg
gggccaaacc
ttacctecggt

tagggaaggc
agagaaagga
gtgceccgtca
tcggcaattg
tgtactggct
ccgtgaacgt
ctecgcatcte
gtcgegttet
gtttaaagct
tcagccggcet
tttectgttet
tacaagccca
gccgeccgegt
gagcgggtca
gtgtgggtcg
gcgggggcgyg
gccgecgcagce
ttcctggeca
gtgctccecyg
gcgccccecgcea
gtgcccgaag
caacctectgg
tttacgctat
gctttcattt
ccecgttgtcea

tggggcattg

gccacggcegyg
ggcactgaca

tgtgttgcca
ccagcggacc
cttecgeecte
accaatgact
ggaagggcta
ctggttagac
gcctcecaataa
tggtaactag
ttcatgtcat

tggatcegge
gtcaggacct

ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
tatgtatcct
cggttctcecte
cctgatcaca
ctctgtgtca
taatggagaa
tgacttgcac
ctgtgcecage
actcacagtt
atcagaagca
cttcececegac
cagcacggac
gagcagccgce
tcaagtccag
cgtcacccag
gtcctaccag
caccctgtat
tttctgataa
gtgggcagag
aacgggtgec
ccgecettttt
tctttttecge
tcettecacge
gcecgectecece
caggtcgaga
ctccacgett
gcgcegttac
cggtgegect
tcgcecgacta
ccgagctgcea
cggacgacgg
tgttcgecga
aacagatgga
ccgtecggegt
gagtggaggc
acctccecectt
gaccgcgcac
attacaaaat
gtggatacgc
tctectectt
ggcaacgtgg
ccaccacctg
aactcatcgce
attccgtggt
cctggattcect
ttcetteceg
agacgagtcg
tacaaggcag
attcactccc
cagatctgag
agcttgcecctt
agatccctca
cttattattc
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6301
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7081
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9121

p510_antiCD19 _LL TCRbetaC (SEQ ID NO: 14)

1
61
121
181
241
301
361
421

agtatttata
cttataatgg
cactgcattc
agctatccecg
tttttttatt
aggaggcttt
atagctgttt
aagcataaag
gcgctcactg
ccaacgegceg
ctegctgcege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccececgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcece
gattacgcgce
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttegt
gggcttacca
agatttatca
tttatcecgece
agttaatagt
gtttggtatg
catgttgtgce
ggccgcagtg
atccgtaaga
tatgcggecga
cagaacttta
cttaccecgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgegegttte
agcttgtctyg
tggcgggtgt
ccatatgecgg
ttegccatte
acgccagcetyg
ttcccagtca

acgcgtgtag
acatgcctta
cgatcgtgcce
attgccgeat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg

acttgcaaag
ttacaaataa
tagttgtggt
ccectaacte
tatgcagagg
tttggaggce
cctgtgtgaa
tgtaaagcct
cccegcetttee
gggagaggcy
tcggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gegtttceece
tacctgtcecg
tatctcagtt
cageccgace
gacttatcgce

ggtgctacag

ggtatctgcg
ggcaaacaaa

agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggccccea
gcaataaacc
tccatccagt
ttgcgcaacg
gcttcattca
aaaaaagcgyg
ttatcactca
tgcttttctg
ccgagttgcet
aaagtgctca
ttgagatcca
ttcaccagcg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctgge
tgtgaaatac
aggctgcecgceca
gcgaaagggy
cgacgttgta

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctc
gacctgaaag

aaatgaatat
agcaatagca
ttgtccaaac
cgcccagttce
ccgaggcecgce
tagacttttg
attgttatcc

ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgcggcyg
gggataacgc
aggccgcgtt
gacgctcaag
ctggaagctc
cctttetece
cggtgtaggt
gctgegectt
cactggcagce
agttcttgaa
ctctgctgaa
ccaccgetgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgcett
ttgcctgact
gtgctgcaat
agccagcegyg
ctattaattg
ttgttgccat
gctccecggttce
ttagctecctt
tggttatggce
tgactggtga
cttgceccggce
tcattggaaa
gttcgatgta
tttctgggtg
ggaaatgttg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggagcag
ttaactatgc
cgcacagatg
actgttggga
gatgtgctgc
aaacgacggc

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgcttc
agaccctttt
cgaaagggaa
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cagagagtga
tcacaaattt
tcatcaatgt
cgcccattcet
ctcggectct
cagagacggce
gctcacaatt
atgagtgagc
cctgtcecgtge
tgggcgcetct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctegtgege
ttcgggaagc
cgttcecgetce
atccggtaac
agccactggt
gtggtggcct
gccagttacc
tagecggtggt
agatcctttg
gattttggtc
aagttttaaa
aatcagtgag
cccecegtegtg
gataccgcga
aagggccgag
ttgeccgggaa
tgctacaggc
ccaacgatca
cggtcctecyg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcetteg
acccactcegt
agcaaaaaca
aatactcata
gagcggatac
tcceccgaaaa
aaataggcgt
ctgacacatg
acaagecccegt

ggcatcagag
cgtaaggaga
agggcgatcg
aaggcgatta
cagtgccaag

gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
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gaggaacttg
cacaaataaa
atcttatcat
ccgccccatg
gagctattcc
ccaaattcgt
ccacacaaca
taactcacat
cagctgcatt
tcegettect
gctcactcaa
atgtgagcaa
ttccataggce
cgaaacccga
tctectgtte
gtggcgcecttt
aagctgggcect
tatcgtettg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatcet
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg

gggcgaaaac
gcacccaact

ggaaggcaaa
ctcttecttt
atatttgaat
gtgccacctg
atcacgaggc
cagctcececgg
cagggcgcgt
cagattgtac
aaataccgca
gtgcgggcect
agttgggtaa
ctg

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctecgacgea

tttattgcag
gcattttttt
gtctggctet
gctgactaat
agaagtagtg
aatcatggtc
tacgagccgg
taattgcgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tccgeccecceccecece
caggactata
cgaccctgee
ctcatagctc
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagecgatctg
cgatacggga
caccggctcce
gtcctgcaac
gtagttcgec
cacgctecgtce
catgatcccc
gaagtaagtt
ctgtcatgece
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttegtet
agacggtcac
cagecgggtgt
tgagagtgca
tcaggcgcca
cttegetatt

cgccagggtt

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggct
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tgctgaageg
gactagcgga
aattagatcyg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcect
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg
tgacgcaaat
tgaaccgtca
agagccgcca
gcattcctcc
ctgggagaca
tggtatcagce
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtgg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt
tggggtcaag
cctecttacce
gaggaggacc
gagatctccc
cacgtggagce
ccgceageccec
ctgagggtct
ttctacgggce
atcgtcageyg
caaggggtcc
gctgtgetgg
gaattcgatc
cgcacatcge
tagagaaggt
cccgagggtyg
aacgggtttg

cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa

ggcgcaacag
cctggetgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctccecaaccce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcget
gtttgactca
gcaccaaaat

gggcggtagg

gatcgecctgyg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tcccatcaag
tggagcaaga
tcggaggggyg
ctggcgaggg
cgccctecaca
gtgtaagctg
gtagtgaaac
actccaagag
actactgtgc
gaacctcagt
taggtggcgg
tgaacaaggt
acacccaaaa
tgagctggtg
tcaaggagca
cggccacctt
tctcggagaa
ccgaggectyg
tgtctgcecac
tcagcgccct
cgcggcecgeyg
ccacagtcce
ggcgeggggat
ggggagaacc
ccgeccagaac

gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggatttce
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggce
agatattgcc
gactaagttyg
atccaccaag
gagcctgtcc
gattcgccag
cacatactat
ccaagttttc
caaacattat
caccgtcectcec
cggttetggt
gttcccaccc
ggccacactg
ggtgaatggg
gccegececte
ctggcagaac
tgacgagtgg
gggtagagca
catcctctat
tgtgttgatg
aaggatctgc
cgagaagttg
aaactgggaa
gtatataagt
acagctgaag
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gcggcegactg
gtgcgagagc
aaggccaggy
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacc
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttctge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctccacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggecyg
ggcggeggtt
gaggtcgcectg
gtgtgcctgg
aaggaggtgc
aatgactcca
ccccgcaacce
acccaggata
gactgtggct
gagatcctgce
gccatggtca
gatcgctceg
g99999a9999
agtgatgtcg
gcagtagtcg
cttcgagggg
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gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctyg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catcctcect
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctcagg
agggtctgga
tcaaatccag
acagtctgca
gtagctatgc
caattgaagt
ctggtggcgg
tgtttgagcc
ccacaggctt
acagtggggt
gatactgccet
acttcecgcectg
gggccaaacc
ttacctecggt
tagggaaggc
agagaaagga
gtgcccgtca
tcggcaattg
tgtactggcet
ccgtgaacgt
ctcgcatctce

caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagyg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tccgececcececat
gctegtttag
agaagattct
accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctecteacce
taatacgctt
tggatcegge
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
tatgtatcct
cggttctcte
atcagaagca
cttcececegac
cagcacagac
gagcagccgce
tcaagtccag
cgtcacccag
gtcctaccag
caccctgtat
tttctgataa
gtgggcagag
aacgggtgec
ccgecttttt
tctttttecge
tccttcacge
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gccegecegec
gcctgtggtg
ccgggecttt
tgcctgaccce
agatccaagc
cgcecacccge
ccecegecacg
agaactcttc
cgccgeggtyg
gatcggcececyg
aggcctcectyg
ctcgceccgac
ggccgagcgc
ctacgagcgg
ctggtgeatg
ttgtgaaaga
tgctttaatg
gtataaatcc
cgtggtgtge
tcagctcctt
cgcctgecett

gttgtcgggg
gcgcgggacyg
cggcctgetg
gatctccctt
ctgtagatct
aacgaaaata
cctgggagcect
gagtgcttca
gaccctttta
agtatttata
cttataatgg
cactgcattc
agctatccceyg
tttttttatt
aggaggcttt
atagctgttt
aagcataaag
gcgctcactg
ccaacgcgcg
ctegctgcege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccececgtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcece
gattacgcgc
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcgt
gggcttacca
agatttatca

ctacctgagyg
cctceccectgaac
gtccecggegcet
tgcttgctca
tgtgaccggc
gacgacgtcc
cgccacaccyg
ctcacgcgeg
gcggtctgga
cgcatggecyg
gegcecgcace
caccagggca
gccggggtgce
cteggettea
acccgeaagce
ttgactggta
cctttgtatc
tggttgectgt
actgtgtttyg
tccgggactt
gcccgetget
aaatcatcgt
tccttectget
ccggctetge
tgggccegect
tagccacttt
agatctgctt
ctctggctaa
agtagtgtgt
gtcagtgtgg
acttgcaaag
ttacaaataa
tagttgtggt
ccectaacte
tatgcagagg
tttggaggcc
cctgtgtgaa
tgtaaagcct
cccegcetttee
gggagaggcyg
tcggtegtte
acagaatcag
aaccgtaaaa
cacaaaaatc
gegtttceece
tacctgtcecg
tatctcagtt
cageccgace
gacttatcgce

ggtgctacag

ggtatctgcg
ggcaaacaaa

agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggccccea
gcaataaacc

ccgceccatccea
tgcgtccgcece
ccettggage
actctacgtc
gcctacgcta

ccagggcagt
tcgatccecgga

tcgggctega
ccacgccgga
agttgagcgg
ggcccaagga

agggtctggg
ccgcecttect

ccgtcaccge
ccggtgectg
ttcttaacta
atgctattgc
ctctttatga
ctgacgcaac
tcgctttcecce
ggacaggggc
cctttecttg
acgtcccttce
ggcctcttcece
ccecegectgg
ttaaaagaaa
tttgcttgta
ctagggaacc
gccegtetgt
aaaatctcta
aaatgaatat
agcaatagca
ttgtccaaac
cgceccagtte
ccgaggcecgce
tagacttttg
attgttatcc

ggggtgccta
agtcgggaaa
gtttgcgtat
ggctgcggcyg
gggataacgc
aggccgcgtt
gacgctcaag
ctggaagctc
cctttetece
cggtgtaggt
gctgegectt
cactggcagce
agttcttgaa
ctctgctgaa
ccaccgetgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgcett
ttgcctgact
gtgctgcaat
agccagccgg
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cgceggttga
gtctaggtaa
ctacctagac
tttgtttcgt
gatgaccgag
acgcacccte
ccgecacate
catcggcaag
gagcgtcgaa
ttcecggetyg
gcecegegtyag
cagcgcecgtce
ggagacctcc
cgacgtcgag
agtcgacaat
tgttgctcct
ttccegtatg
ggagttgtgg
ccceecactggt
cctcecectatt
tcggectgttg
gctgetegece
ggccctcaat
gcgtcttcge
tacctttaag
aggggggact
ctgggtctct
cactgcttaa
tgtgtgactc
gcagtagtag
cagagagtga
tcacaaattt
tcatcaatgt
cgcecattet
ctcggectct
cagagacggc
gctcacaatt
atgagtgagc
cctgtcecgtge
tgggcgctct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctegtgege
ttcgggaagc
cgttcecgetce
atccggtaac
agccactggt
gtggtggcct
gccagttacc
tagecggtggt
agatcctttyg
gattttggtc
aagttttaaa
aatcagtgag
cccecegtegtyg
gataccgcga
aagggccgag
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gtcgegttet
gtttaaagct
tcagcecgget
tttctgttct
tacaagccca
gccgecgegt
gagcgggtcea
gtgtgggtcg
gcgggggcgyg
gccgegceagce
ttecctggcceca
gtgctccceg
gcgccccecgcea
gtgcceccgaag
caacctectgg
tttacgctat
gctttcattt
ccegttgtea

tggggcattg

gccacggcgyg
ggcactgaca

tgtgttgcca
ccagcggacec
cttcgceccctce
accaatgact
ggaagggcta
ctggttagac
gcctcaataa
tggtaactag
ttcatgtcat
gaggaacttg
cacaaataaa
atcttatcat
ccgecceeatg
gagctattcc
ccaaattcgt
ccacacaaca
taactcacat
cagctgcatt
tccgecttect
gctcactcaa
atgtgagcaa
ttccataggce
cgaaacccga
tctectgtte
gtggcgcecttt
aagctgggcect
tatcgtettg
aacaggatta
aactacggct
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatcet
tagataacta
gacccacgct

cgcagaagtg

gcecgectecece
caggtcgaga
ctccacgcett
gcgccgttac
cggtgcecgect
tcgecgacta
ccgagctgea
cggacgacgg
tgttcgcecga
aacagatgga
ccgteggegt
gagtggaggc
acctcccecett
gaccgcgceac
attacaaaat
gtggatacgc
tctectectt
ggcaacgtgg
ccaccacctg
aactcatcgc
attccgtggt
cctggattet
ttcctteeceg
agacgagtcg
tacaaggcag
attcactccc
cagatctgag
agcttgcctt
agatccctca
cttattattc
tttattgcag
gcattttttt
gtctggctet
gctgactaat
agaagtagtg
aatcatggtc
tacgagccgg
taattgegtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagca
tccgeccecceccecece
caggactata
cgaccctgee
ctcatagctc
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagecgatctg
cgatacggga
caccggctcce
gtcctgcaac
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tttatcecgece
agttaatagt
gtttggtatg
catgttgtgc
ggccgcagtg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgcetg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgegegttte
agcttgtctg
tggcgggtgt
ccatatgcgg
ttegccatte
acgccagctg
ttcccagtca

tccatccagt
ttgcgcaacg
gcttcecattcea
aaaaaagcgg
ttatcactca
tgcttttectyg
ccgagttget
aaagtgctca
ttgagatcca
ttcaccagcyg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctgge
tgtgaaatac
aggctgcecgceca
gcgaaagggyg
cgacgttgta

ctattaattg
ttgttgccat
gctceceggtte
ttagctcctt
tggttatggc
tgactggtga
cttgcecegge
tcattggaaa
gttcgatgta
tttetgggtg
ggaaatgttyg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggagcag
ttaactatgc
cgcacagatg
actgttggga
gatgtgctgce
aaacgacggc

ttgeccgggaa
tgctacaggc

ccaacgatca
cggtcectceceg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttceg
acccactcgt
agcaaaaaca
aatactcata
gagcggatac
tcceccgaaaa
aaataggcgt
ctgacacatg
acaagcccgt
ggcatcagag
cgtaaggaga
agggcgatcg
aaggcgatta
cagtgccaag

p510_antiCD19 LL CD3gamma (SEQ ID NO: 15)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161

acgcgtgtag
acatgcctta
cgatcgtgcce
attgccgeat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg
tgacgcaaat

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctc
gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa

ggcgcaacag
cctggctgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctccecaaccce
gacagagaca
agaaaagggy
gacatacaaa
gtattatgcc
agtcatcget
gtttgactca
gcaccaaaat

gggcggtagg

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgcttc
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagcet
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
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gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagc
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg

gggaggttta
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gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccyg

gggcgaaaac
gcacccaact

ggaaggcaaa
ctctteecttt
atatttgaat
gtgccacctg
atcacgaggc
cagctcececgg
cagggcgcegt
cagattgtac
aaataccgca
gtgcgggcect
agttgggtaa

ctg.

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga

gtagttcgec
cacgctecgtce
catgatcccce
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagce
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttegtet
agacggtcac
cagcgggtgt
tgagagtgca
tcaggcgcca
cttegetatt

cgccagggtt

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggct
caaaaatttt
agcgggggag
aatataaatt
ctggccetgtt
ttcagacagg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacge
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcecgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tccgececcecat
gctcgtttag



WO 2016/187349

2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701

tgaaccgtca
agagccgcca
gcattcctcece
ctgggagaca
tggtatcagc
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtygg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt
tggggtcaag
cctecttacce
gagcagtcaa
gtacttctga
atcggcttcec
cgagggatgt
agaatgtgtc
gaaatcgtca
gttcgccagt
cccctcaagg
aattgataag
tgggcagagce
acgggtgcct
cgccttttte
ctttttegea
ccttcacgeg
ccgcecteecg
aggtcgagac
tccacgettt
cgceccgttaca
ggtgcgcecctce
cgccgactac
cgagctgcaa
ggacgacggc
gttcgccgag
acagatggaa
cgteggegte
agtggaggcg
cctecectte
accgegcacce
ttacaaaatt
tggatacgct
ctcctecttg
gcaacgtggc
caccacctgt
actcatcgcc
ttcecgtggtg
ctggattctg
tcetteecge
gacgagtcgg
acaaggcagc
ttcactcceca
agatctgagc
gcttgecttg
gatccctcag

gatcgecctgyg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tccecatcaag
tggagcaaga
tcggaggggg
ctggcgaggg
cgcectcecaca
gtgtaagctyg
gtagtgaaac
actccaagag
actactgtgce
gaacctcagt
taggtggcgg
tcaaaggaaa
cttgtgatge
taactgaaga
atcagtgtaa
agaactgcat
gcattttegt
cgagagcttc
atcgagaaga
aattcgatcc
gcacatcgcce
agagaaggtg
ccgagggatgg
acgggtttgce
ccegceegece
cctgtggtge
cgggcectttg
gectgacect
gatccaagct
gccacccgeg
cccgccacgce
gaactcttcce
gcecgeggtyag
atcggccecge
ggcctcetgg
tcgeccecgace
gccgagcgceg
tacgagcggc
tggtgcatga
tgtgaaagat
gctttaatgc
tataaatcct
gtggtgtgca
cagctcecettt
gcectgececttg
ttgtcgggga
cgcgggacgt
ggcctgctge
atctcccttt
tgtagatctt
acgaaaataa
ctgggagcte
agtgcttcaa
acccttttag

agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggc
agatattgcc
gactaagttg
atccaccaag
gagcctgtcec
gattcgccag
cacatactat
ccaagttttc
caaacattat
caccgtcectcec
cggttectggt
ccacttggtt
agaagccaaa
taaaaaaaaa
aggatcacag
tgaactaaat
ccttgetgtt
agacaagcag
tgaccagtac
gcggccgcga
cacagtcccec
gcgcggggta
gggagaaccyg
cgccagaaca
tacctgaggce
ctcctgaact
tccggegcetce
gcttgctcaa
gtgaccggceg
acgacgtccc
gccacaccgt
tcacgecgcegt
cggtctggac
gcatggccga
cgcecgcaccg
accagggcaa
ccggggtgcec
tcggcttcac
cccecgcaagec
tgactggtat
ctttgtatca
ggttgctgtc
ctgtgtttge
ccgggacttt
ccecgetgetg
aatcatcgtc
ccttcectgcta
cggcetetgeg
gggccgcctce
agccactttt
gatctgcettt
tctggctaac
gtagtgtgtg
tcagtgtgga
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cacgctgttt
agccttctge
acacagacta
gcaagtcagg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctecacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggecyg
ggcggcggtt
aaggtgtatg
aatatcacat
tggaatctgg
aacaagtcaa
gcagccacca
ggggtctact
actctgttgce
agccaccttc
aggatctgceg
gagaagttgg
aactgggaaa
tatataagtg
cagctgaage
cgccatccac
gcgtccgeeg
ccttggagcc
ctctacgtcet
cctacgcetag
cagggccgta
cgatccggac
cgggctegac
cacgccggayg
gttgagcggt
gcccaaggag

gggtctgggc
cgccttectg

cgtcaccgcec
cggtgectga
tcttaactat
tgctattgct
tctttatgag
tgacgcaacc
cgctttecce
gacaggggct
ctttececttgg
cgtecctteg
gcctettecy
cccecgectggt
taaaagaaaa
ttgecttgtac
tagggaaccce
cccecgtetgtt
aaatctctag
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tgacctccat
tctgtgagtt
catccteccet
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctecagg
agggtctgga
tcaaatccag
acagtctgca
gtagctatgce
caattgaagt
ctggtggcgg
actatcaaga
ggtttaaaga
gaagtaatgc
aaccactcca
tatctggctt
tcattgetgg
ccaatgacca
aaggaaacca
atcgctcegg
ggggaggggt
gtgatgtcgt
cagtagtcgc
ttcgaggggce
gcecggttgag
tctaggtaag
tacctagact
ttgtttegtt
atgaccgagt
cgcaccctecg
cgccacatcg

atcggcaagg
agcgtcecgaag
tcceggetgg
cccgegtggt
agcgceegteg
gagacctccg
gacgtcgagg
gtcgacaatc
gttgctectt
tccegtatgg
gagttgtggc
cccactggtt
ctcectattg
cggctgttgg
ctgctcgect
gccctcaatce
cgtecttegec
acctttaaga
ggggggactg
tgggtctcte
actgcttaag
gtgtgactct
cagtagtagt

agaagattct
accacaccca
gtctgectet
atatttaaat
atcaagatta
ttctcteacce
taatacgctt
tggatccggce
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
tatgtatcct
cggttctcecte
agatggttcg
tgggaagatg
caaggaccca
agtgtattac
tctectttget
acaggatgga
gctctaccag
gttgaggagg
tgceccgtcag
cggcaattga
gtactggctc
cgtgaacgtt
tcgeatcetet
tcgegttetg
tttaaagctc
cagccggcetce
ttctgttectg
acaagecccac
ccgeecgegtt
agcgggtcac
tgtgggtcge
cgggggcggt
ccgcgcagcea
tcctggcecac
tgctcceceegg
cgccccgcaa
tgcccgaagg
aacctctgga
ttacgctatg
ctttcatttt
ccgttgtcag
ggggcattgce

ccacggcgga
gcactgacaa

gtgttgccac
cagcggaccet
ttegcectcea
ccaatgactt
gaagggctaa
tggttagacc
cctcaataaa
ggtaactaga
tcatgtcatc
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5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641

8701
p510_
1

61

121
181
241
301
361
421

ttattattca
ttattgcagc
cattttttte
tctggctcta
ctgactaatt
gaagtagtga
atcatggtca
acgagccgga
aattgecgttg
atgaatcggc
gctcactgac
ggcggtaata
aggccagcaa
ccgecceccet
aggactataa
gaccctgcecg
tcatagctca
tgtgcacgaa
gtccaacccyg
cagagcgagg
cactagaagg
agttggtagc
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggctcca
tcectgeaact
tagttcgcca
acgctecgteg
atgatccccecc
aagtaagttg
tgtcatgcca
agaatagtgt
gccacatagce
ctcaaggatc
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cgtctaagaa
ctttcecgtcte
gacggtcaca
agcgggtgtt
gagagtgcac
caggcgcecat
ttegctatta

gccagggttt

gtatttataa
ttataatggt
actgcattcet
gctatcccge
ttttttattt
ggaggctttt
tagectgttte
agcataaagt
cgctcactge
caacgcgcegyg
tcgetgeget
cggttatcca
aaggccagga
gacgagcatc
agataccagg
cttaccggat
cgctgtaggt
cceecegtte
gtaagacacyg
tatgtaggcyg
acagtatttg
tcttgatccg
attacgcgca
gctcagtgga
ttcacctaga
taaacttggt
ctatttcgtt
ggcttaccat
gatttatcag
ttatccgect
gttaatagtt
tttggtatgg
atgttgtgca
geccgecagtgt
tccgtaagat
atgcggcgac
agaactttaa
ttaccgetgt
tcttttactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
gecgcegttteg
gettgtetgt
ggcgggtgtce
catatgcggt
tcgecattcea
cgccagetgg
tcccagtcac

cttgcaaaga
tacaaataaa
agttgtggtt
ccctaactcce
atgcagaggc
ttggaggcct
ctgtgtgaaa
gtaaagcctg
ccgctttceca
ggagaggcgyg
cggtcecgtteg
cagaatcagg
accgtaaaaa
acaaaaatcyg
cgtttceeccece
acctgtccgce
atctcagttc
agcccgacceyg
acttatcgcec
gtgctacaga
gtatctgcgce
gcaaacaaac
gaaaaaaagg
acgaaaactc
tcecttttaaa
ctgacagtta
catccatagt
ctggccccag
caataaacca
ccatccagtce
tgcgcaacgt
cttcattcag
aaaaagcggt
tatcactcat
gcttttctgt
cgagttgctc
aagtgctcat
tgagatccag
tcaccagecgt

gggcgacacg
atcagggtta

taggggttcc
tcatgacatt
gtgatgacgg
aagcggatgc
ggggctggct
gtgaaatacc
ggctgcgcaa
cgaaaggggy
gacgttgtaa

antiCD19 LL CD3delta (SEQ ID NO: 16)

acgcgtgtag
acatgectta
cgatcgtgcce
attgccgcat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgcecet
gagatccctc
gacctgaaag

tactcttgta
aaaagcaccyg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgctte
agaccctttt
cgaaagggaa
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aatgaatatc
gcaatagcat
tgtccaaact
gcccagttcecc
cgaggccegcec
agacttttgce
ttgttatccg

gggtgcctaa
gtcgggaaac
tttgcgtatt
gctgeggega
ggataacgca
ggccgegttg
acgctcaagt
tggaagctce
ctttcteect
ggtgtaggtc
ctgecgectta
actggcagca
gttcttgaag
tctgctgaag
caccgcectggt
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgctta
tgcctgactc
tgctgcaatg
gccageccgga
tattaattgt
tgttgccatt
ctcecggttcee
tagctceccette
ggttatggca
gactggtgag
ttgcececggeg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtctcatg
gcgcacattt
aacctataaa
tgaaaacctc
cgggagcaga
taactatgcg
gcacagatgc
ctgttgggaa
atgtgctgca
aacgacggcc

gtcttgcaac
tgcatgeccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
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agagagtgag
cacaaatttc
catcaatgta
gcccattcectce
tcggectcetg
agagacggcc
ctcacaattc
tgagtgagct
ctgtcgtgcce
gggcgctett
gcggtatcag
ggaaagaaca
ctggcgtttt
cagaggtggce
ctegtgeget
tcgggaagcg
gttcgctcca
tceggtaact
gccactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
cccgtegtgt
ataccgcgag
agggccgagce
tgccgggaag
gctacaggca
caacgatcaa
ggtcctcececga
gcactgcata
tactcaacca
tcaatacggg
cgttcttegg
cccactegtg
gcaaaaacag
atactcatac
agcggataca
ccccgaaaag
aataggcgta
tgacacatgc
caagccegte
gcatcagagc
gtaaggagaa
gggcgatcgg
aggcgattaa

agtgccaagc

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgceccgtetg
gaaaatctct
tctcgacgca

aggaacttgt
acaaataaag
tcttatcatg
cgccccatgg
agctattcca
caaattcgta
cacacaacat
aactcacatt
agctgcatta
ccgettecte
ctcactcaaa
tgtgagcaaa
tccataggct
gaaacccgac
ctcecetgttece
tggcgcettte
agctgggcetg
atcgtcecttga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tcttttectac
tgagattatc
caatctaaag
cacctatcte
agataactac
acccacgctc
gcagaagtgg
ctagagtaag
tcgtggtgtc
ggcgagttac
tcgttgtcag
attctcttac
agtcattctg
ataataccgc
ggcgaaaact
cacccaactg
gaaggcaaaa
tcttectttt
tatttgaatg
tgccacctga
tcacgaggcc
agctcceccgga
agggcgcgte
agattgtact
aataccgcat

tgcgggectc
gttgggtaac

tg.

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggcet
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481

541

601

661

721

781

841

901

961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961

tgctgaageg
gactagcgga
aattagatcyg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcect
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg
tgacgcaaat
tgaaccgtca
agagccgcca
gcattcctcc
ctgggagaca
tggtatcagce
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtgg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt
tggggtcaag
cctecttacce
gagttcaaga
atcacatggg
ggaaaacgca
gacaaagaat
ccagccaccg
ggagtcttct
gctctgttga
agccaccttyg
aggatctgcg
gagaagttgg
aactgggaaa
tatataagtg
cagctgaagc
cgccatccac

cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa

ggcgcaacag
cctggetgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctccecaaccce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcget
gtttgactca
gcaccaaaat

gggcggtagg

gatcgecctgyg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tcccatcaag
tggagcaaga
tcggaggggyg
ctggcgaggg
cgccctecaca
gtgtaagctg
gtagtgaaac
actccaagag
actactgtgc
gaacctcagt
taggtggcgg
tacctataga
tagagggaac
tcectggacce
ctaccgtgcea
tggctggcecat
gctttgectgg
ggaatgacca

gaggaaactyg
atcgctccgg

ggggaggggat
gtgatgtcgt
cagtagtcge
ttcgaggggc
gcecggttgag

gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggatttce
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggce
agatattgcc
gactaagttyg
atccaccaag
gagcctgtcc
gattcgccag
cacatactat
ccaagttttc
caaacattat
caccgtcectcec
cggttetggt
ggaacttgag
ggtgggaaca
acgaggaata
agttcattat
cattgtcact
acatgagact
ggtctatcag
ggcteggaac
tgccecgtceag
cggcaattga
gtactggctc
cgtgaacgtt
tcgcatctct
tcgegttcetg

100

gcggcegactg
gtgcgagagc
aaggccaggy
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacc
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttctge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctccacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggecyg
ggcggeggtt
gacagagtgt
ctgctctcag
tataggtgta
cgaatgtgce
gatgtcattg
ggaaggctgt
cceetecgayg
aagtgataag
tgggcagagce
acgggtgcecct
cgcettttte
ctttttegea
ccttcacgeg
ccgectececeg
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gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctyg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catcctcect
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctcagg
agggtctgga
tcaaatccag
acagtctgca
gtagctatgc
caattgaagt
ctggtggcgg
ttgtgaattg
acattacaag
atgggacaga
agagctgtgt
ccactctgct
ctggggctgce
atcgagatga
aattcgatcc
gcacatcgcc
agagaaggtg
ccgagggtgg
acgggtttgce
cccgcegcecce

cctgtggtgce

caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tccgececcecat
gctegtttag
agaagattct
accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctecteacce
taatacgctt
tggatcegge
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
tatgtatcct
cggttctcte
caataccagc
actggacctg
tatatacaag
ggagctggat
ccttgetttg
cgacacacaa
tgctcagtac
gcggccgcga
cacagtcccc
gcgcggggta
gggagaaccyg
cgccagaaca
tacctgaggce
ctcctgaact
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4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501

gcgtecgecyg
ccttggagcce
ctctacgtcet
cctacgctag
cagggccgta
cgatccecggac
cgggctegac
cacgccggag
gttgagcggt
gcccaaggag

gggtctgggc
cgccttectg

cgtcaccgcce
cggtgectga
tcttaactat
tgctattgct
tctttatgag
tgacgcaacc
cgcttteccece
gacaggggct
ctttcettgg
cgteccectteg
gcctctteceg
cccecgeectggt
taaaagaaaa
ttgcttgtac
tagggaaccc
cccgtetgtt
aaatctctag
aatgaatatc
gcaatagcat
tgtccaaact
gcccagttec
cgaggccgcec
agacttttgc
ttgttatccg

gggtgcctaa
gtcgggaaac
tttgcgtatt
gctgcggcega
ggataacgca
ggccgegttg
acgctcaagt
tggaagctcece
ctttcteccet
ggtgtaggtc
ctgcgcectta
actggcagca
gttcttgaag
tctgctgaag
caccgctggt
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgctta
tgcctgacte
tgctgcaatg
gccagccgga
tattaattgt

tctaggtaag
tacctagact
ttgtttegtt
atgaccgagt
cgcacccteg
cgccacatcg

atcggcaagg
agcgtcgaag
tcceggetgg
ccegegtggt
agcgcegteg
gagacctccg
gacgtcgagg
gtcgacaatc
gttgctcett
tccegtatgg
gagttgtggc
cccactggtt
ctcectattyg
cggctgttgg
ctgctcgect
geccctcaatce
cgtcttegece
acctttaaga
ggggggactg
tgggtctcte
actgcttaag
gtgtgactct
cagtagtagt
agagagtgag
cacaaatttc
catcaatgta
gcccattete
tcggectetyg
agagacggcc
ctcacaattc
tgagtgagct
ctgtcgtgcee
gggcgctcectt
gcggtatcag
ggaaagaaca
ctggcgtttt
cagaggtggc
ctegtgeget
tcgggaagcg
gttcgctcca
tccggtaact
gccactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
ccegtegtgt
ataccgcgag
agggccgagc
tgccgggaag

tttaaagctc
cagccggcetce
ttctgttctg
acaagcccac
ccgccgegtt
agcgggtcac
tgtgggtcge
cgggggcggt
ccgecgcagcea
tcetggecac
tgctcececgg
cgccccgcaa
tgcccgaagg
aacctctgga
ttacgctatg
ctttcatttt
ccgttgtceag
ggggcattgce

ccacggcgga
gcactgacaa

gtgttgccac
cagcggaccet
ttcgcectceca
ccaatgactt
gaagggctaa
tggttagacc
cctcaataaa
ggtaactaga
tcatgtcatc
aggaacttgt
acaaataaag
tcttatcatg
cgceccatgg
agctattcca
caaattcgta
cacacaacat
aactcacatt
agctgcatta
ccgcttectce
ctcactcaaa
tgtgagcaaa
tccataggct
gaaacccgac
ctcecctgttec
tggcgettte
agctgggcetg
atcgtcttga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tcttttectac
tgagattatc
caatctaaag
cacctatctc
agataactac
acccacgctce
gcagaagtgg
ctagagtaag
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aggtcgagac
tccacgettt
cgcegttaca
ggtgcgcctc
cgccgactac
cgagctgcaa
ggacgacggc
gttcgccgag
acagatggaa
cgteggegte
agtggaggcyg
cctececectte
accgcgcacc
ttacaaaatt
tggatacgct
ctcctecttg
gcaacgtggc
caccacctgt
actcatcgec
ttcecgtggtyg
ctggattctg
tcectteecge
gacgagtcgg
acaaggcagc
ttcactccca
agatctgagc
gcttgccettg
gatccctcag
ttattattca
ttattgcage
catttttttce
tctggctcta
ctgactaatt
gaagtagtga
atcatggtca
acgagccgga
aattgegttyg
atgaatcggce
gctcactgac
ggcggtaata
aggccagcaa
ccgecceccececect
aggactataa
gaccctgecyg
tcatagctca
tgtgcacgaa
gtccaacccg
cagagcgagyg
cactagaagg
agttggtagc
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggctcca
tcctgcaact
tagttcgcca

PCT/US2016/033146

cgggcecetttg
gcctgaccct
gatccaagct
gccacccgceg
cccgccacgce
gaactcttcc
gcecgeggtygg
atcggcccgce
ggcctecctgg
tcgececgacce
gccgagcgceyg
tacgagcggce
tggtgcatga
tgtgaaagat
gctttaatgce
tataaatcct
gtggtgtgca
cagctcettt
gecctgecttyg

ttgtcgggga
cgcgggacgt
ggcctgetgce
atctcccttt
tgtagatctt
acgaaaataa
ctgggagctce
agtgcttcaa
acccttttag
gtatttataa
ttataatggt
actgcattct
gctatcccge
ttttttattt
ggaggctttt
tagctgtttc
agcataaagt
cgctcactge
caacgcecgcegg
tcgctgeget
cggttatcca
aaggccagga
gacgagcatc
agataccagg
cttaccggat
cgctgtaggt
ccceccecegtte
gtaagacacg
tatgtaggcg
acagtatttg
tcttgatccg
attacgcgca
gctcagtgga
ttcacctaga
taaacttggt
ctatttcgtt
ggcttaccat
gatttatcag
ttatccgect
gttaatagtt

tceggegete
gcttgctcaa
gtgaccggcg
acgacgtccc
gccacaccgt
tcacgcecgcegt
cggtctggac
gcatggccga
cgccgcaccg
accagggcaa
ccggggtgec
tcggcttcac
cccgcaagcec
tgactggtat
ctttgtatca
ggttgctgtce
ctgtgtttgce
ccgggacttt
ccegetgetg
aatcatcgtc
ccttectgceta
cggetcetgeg
gggccgcecte
agccactttt
gatctgcttt
tctggctaac
gtagtgtgtg
tcagtgtgga
cttgcaaaga
tacaaataaa
agttgtggtt
ccctaactcec
atgcagaggc
ttggaggcct
ctgtgtgaaa
gtaaagcctg
ccgettteca
ggagaggcgyg
cggtegtteg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgtttceccce
acctgtcegce
atctcagttc
agcccgaccg
acttatcgcc
gtgctacaga
gtatctgegce
gcaaacaaac
gaaaaaaagg
acgaaaactc
tcecttttaaa
ctgacagtta
catccatagt
ctggccceccag
caataaacca
ccatccagtc
tgcgcaacgt
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7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641

8701

p510_antiCD19 _LL CD3epsilon (SEQ ID NO: 17)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221

tgttgccatt
ctccggttcece
tagctceccectte
ggttatggca
gactggtgag
ttgecceggeg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtctecatg
gcgcacattt
aacctataaa
tgaaaacctc
cgggagcaga
taactatgcg
gcacagatgc
ctgttgggaa
atgtgctgea
aacgacggcc

acgcgtgtag
acatgectta
cgatcgtgcce
attgccgcat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttcct
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttyg
tgacgcaaat
tgaaccgtca

gctacaggca
caacgatcaa
ggtcctcega
gcactgcata
tactcaacca
tcaatacggyg
cgttcttegyg
cccactegtg
gcaaaaacag
atactcatac
agcggataca
ccccgaaaag
aataggcgta
tgacacatge
caagccegte
gcatcagagc
gtaaggagaa
gggcgatcgg
aggcgattaa

agtgccaagc

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgcecet
gagatccctc
gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttg
ggccagacaa

ggcgcaacag
cctggctgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctceccaacce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg
gatcgcctgg

tcgtggtgte
ggcgagttac
tcgttgtcag
attctcttac
agtcattctg
ataataccgc
ggcgaaaact
cacccaactg
gaaggcaaaa
tctteectttt
tatttgaatg
tgccacctga
tcacgaggcc
agctceccgga
agggcegcgtce
agattgtact
aataccgcat

tgcgggcectc
gttgggtaac

tg.

tactcttgta
aaaagcaccyg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgctte
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggace
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
agacgccatc
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acgctegteg
atgatccccc
aagtaagttg
tgtcatgcca
agaatagtgt
gccacatage
ctcaaggatce
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cgtctaagaa
ctttecgtctce
gacggtcaca
agcgggtgtt
gagagtgcac
caggcgccat
ttegctatta
geccagggttt

gtcttgcaac
tgcatgeccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagce
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgccttg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggcce
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg

gggaggttta
cacgctgttt
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tttggtatgg
atgttgtgca
gccgeagtgt
tccgtaagat
atgcggcgac
agaactttaa
ttaccgectgt
tcttttactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
gcgegttteg
gcttgtcetgt
ggcgggtgtce
catatgcggt
tcgccattca
cgccagetgg
tceccagtcac

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgceccgtetg
gaaaatctct
tctcgacgca
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcc
gcagcagaac
ctggggceatce
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta
ggcttggtag
ggatattcac
gaaggaatag
ggatctcgac
ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga
tgacctccat

cttecattcag
aaaaagcggt
tatcactcat
gcttttctgt
cgagttgcetce
aagtgctcat
tgagatccag
tcaccagcgt
gggcgacacyg
atcagggtta
taggggttcce
tcatgacatt
gtgatgacgg
aagcggatgc
ggggctggcet
gtgaaatacc
ggctgcgcaa
cgaaaggggg
gacgttgtaa

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggcet
caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagyg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcecgtt
aagaagaagyg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tcecgcceecat
gctcgtttag
agaagattct
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2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761

agagccgccea
gcattcctcc
ctgggagaca
tggtatcagc
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtgg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt
tggggtcaag
cctecttacce
gaggatggta
ggaaccacag
aatgataaaa
ctgtcactga
ggaagcaaac
tgcatggaga
gggggcttgce
gtgacacgag
cctgttccecca
ctgaatcaga
tceggtgccece
ggggtcggca
gtcgtgtact
gtcgecgtga
ggggctcgcea
ttgagtcgcg
gtaagtttaa
agactcagcc
tcgttttetg
cgagtacaag
cctcgecgcec
catcgagcgg
caaggtgtgg
cgaagcgggy
gctggccgceg
gtggttcctyg
cgtcgtgcetce
ctccgegecce
cgaggtgccece
caatcaacct
tcecttttacg
tatggctttc
gtggceccegtt
tggttggggce
tattgccacg
gttgggcact
cgectgtgtt
caatccagcg
tcgecttege
taagaccaat
gactggaagg
ctctcectggtt
ttaagcctca
actctggtaa

ccatgcttet
tgatcccaga
gagtcaccat
agaaaccaga
tcccatcaag
tggagcaaga
tcggaggggyg
ctggcgaggg
cgccctecaca
gtgtaagctyg
gtagtgaaac
actccaagag
actactgtgc
gaacctcagt
taggtggcgg
atgaagaaat
taatattgac
acataggcgg
aggaattttc
cagaagatgc
tggatgtgat
tgctgcectggt
gagcgggtgc
acccagacta
gacgcatctyg
gtcagtgggc
attgaacggg
ggctccgect
acgttetttt
tctetectte
ttctgecegece
agctcaggtc
ggctctccac
ttctgecgeecyg
cccacggtge
gcgttcgeeg
gtcaccgagce
gtcgcecggacy
gcggtgtteg
cagcaacaga
gccaccgteg
cccggagtgg
cgcaacctcc
gaaggaccgc
ctggattaca
ctatgtggat
attttctecct
gtcaggcaac
attgccacca
gcggaactca
gacaattccg
gccacctgga
gaccttcett
cctcagacga
gacttacaag
gctaattcac
agaccagatc
ataaagcttg
ctagagatcc

cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggce
agatattgcc
gactaagttyg
atccaccaag
gagcctgtcc
gattcgccag
cacatactat
ccaagttttc
caaacattat
caccgtcectcec
cggttetggt
gggtggtatt
atgccctcag
tgatgaggat
agaattggag
gaacttttat
gtcggtggcec
ttactactgg
tggcggcagg
tgagcccatc
ataagaattc
agagcgcaca
tgcctagaga
ttttcececgag
tcgcaacggg
acgcgeccgce
tccecgectgt
gagaccgggc
gctttgectyg
ttacagatcc
gcctcgcecceac
actaccccgce
tgcaagaact
acggcegccegce
ccgagatcgg
tggaaggcct
gcgtetcegece
aggcggccga
ccttctacga
gcacctggtyg
aaatttgtga
acgctgcecttt
ccttgtataa
gtggcgtggt
cctgtcaget
tcgcecgectg
tggtgttgtc
ttctgegegg
ccecgceggcecet
gtcggatctce
gcagctgtag
tcccaacgaa
tgagcctggg
ccttgagtgce
ctcagaccct

103

agccttcectge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctecacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggecyg
ggcggeggtt
acacagacac
tatcctggat
gataaaaaca
caaagtggtt
ctctacctga
acaattgtca
agcaagaata

caaaggggac
cggaaaggcc
gatccgcggce
tcgeccacag
aggtggcgceg
ggtgggggag
tttgcecgcca
cgcectacct
ggtgcctcct
ctttgtcecgg
accctgettyg
aagctgtgac
ccgcgacgac
cacgcgccac
cttectcacyg
ggtggcggtc
cccecgegeatg
cctggcecgecg
cgaccaccag
gcgcgcecggyg
gcggcteggce
catgacccge
aagattgact
aatgcctttg
atcctggttg
gtgcactgtyg
ccttteeggyg
ccttgeececge
ggggaaatca
gacgtcctte
gctgecggcet
cctttgggcecce
atcttagcca
aataagatct
agctctctgg
ttcaagtagt
tttagtcagt
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tctgtgagtt
catcctcect
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctcagg
agggtctgga
tcaaatccag
acagtctgca
gtagctatgc
caattgaagt
ctggtggcgg
catataaagt
ctgaaatact
taggcagtga
attatgtctyg
gggcaagagt
tagtggacat
gaaaggccaa
aaaacaagga

agcgggacct
cgcgaaggat
tcececcgagaa
gggtaaactg
aaccgtatat
gaacacagct
gaggcecgceca
gaactgcgtc
cgctcecttg
ctcaactcta
cggcgectac
gtccccaggg
accgtcgatc
cgcgteggge
tggaccacgce
gccgagttga
caccggccca
ggcaagggtc
gtgcccgect
ttcaccgtca
aagcceggtyg
ggtattctta
tatcatgcta
ctgtctcttt
tttgctgacyg
actttcgett
tgctggacag
tcgtccettte
tgctacgtcece
ctgecggecte
gcctcccecege
ctttttaaaa
getttttget
ctaactaggg
gtgtgcccegt
gtggaaaatc

accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctecteacce
taatacgctt
tggatcegge
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
tatgtatcct
cggttctcte
ctccatctcet
atggcaacac
tgaggatcac
ctaccccaga
gtgtgagaac
ctgcatcact
ggccaagcect
gaggccacca
gtattctggce
ctgecgatcge
gttgggggga
ggaaagtgat
aagtgcagta
gaagcttcga
tccacgeegyg
cgccgtcetag
gagcctacct
cgtetttgtt
gctagatgac
ccgtacgcecac
cggaccgcca
tcgacatcgg
cggagagcgt
gcggttcecceg
aggagcccgc
tgggcagcge
tcctggagac
ccgcecgacgt
cctgagtcga
actatgttgce
ttgcttceceg
atgaggagtt
caacccecac
tcececctecece
gggctcggcet
cttggctgcect
ctteggecct
ttcegegtet
ctggtacctt
gaaaaggggyg
tgtactgggt
aacccactgce
ctgttgtgtg
tctagcagta
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p3510_antiCD19 SL_CD3epsilon (SEQ ID NO: 18)
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121
181
241
301
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gtagttcatg
gtgagaggaa
atttcacaaa
atgtatctta
ttctcegece
ctctgagcta
cggcccaaat
aattccacac
gagctaactc
gtgccagetyg
ctctteeget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gcgctctect
aagcgtggcg
ctccaagctg
taactatcgt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
cgagcgcaga
ggaagctaga
aggcatcgtg
atcaaggcga
tcecgategtt
gcataattct
aaccaagtca
acgggataat

ttecggggcga
tcgtgcaccce

aacaggaagg
catactcttce
atacatattt
aaaagtgcca
gcgtatcacyg
catgcagctc
ccgtcagggce
agagcagatt
gagaaaatac
atcggtgcgg
attaagttgg

caagctg.

acgcgtgtag
acatgcctta
cgatcgtgcce
attgccgeat
tctggttaga
agcctcaata
ctggtaacta

tcatcttatt
cttgtttatt
taaagcattt
tcatgtctgg
catggctgac
ttccagaagt
tcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcectegetcea
tcaaaggcgg
gcaaaaggcc
aggctecgec
ccgacaggac
gttccgaccc
ctttctecata
ggctgtgtgce
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagc
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcaccgyg
agtggtcctyg
gtaagtagtt
gtgtcacgct
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcgccac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt
cctgacgtct
aggccettte
ccggagacygyg
gcgtcagcegg
gtactgagag
cgcatcagge
gectettege
gtaacgccag

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctc

attcagtatt
gcagcttata
ttttcactgce
ctctagctat
taattttttt
agtgaggagg
ggtcatagct
ccggaagceat
cgttgcecgcetce
tcggccaacg
ctgactecget
taatacggtt
agcaaaaggc
ccectgacga
tataaagata
tgccgcettac
gctcacgctg
acgaaccccc
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttyg
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tctgtctatt
gggagggctt
ctccagattt
caactttatc
cgccagttaa
cgtegtttgg
cccecceccatgtt
agttggccgce
tgccatcegt
agtgtatgcg
atagcagaac
ggatcttacc
cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa
aagaaaccat
gtctegegeg
tcacagcettg
gtgttggcgg
tgcaccatat
gccattcegece
tattacgcca
ggttttccca

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgcttc
agaccctttt

104

tataacttge
atggttacaa
attctagttyg
cccgcecccta
tatttatgca
cttttttgga
gtttcectgtyg
aaagtgtaaa
actgcccgcet
cgcggggaga
gegcecteggte
atccacagaa
caggaaccgt
gcatcacaaa
ccaggcegttt
cggatacctg
taggtatctc
cgttcagcce
acacgactta
aggcggtgcect
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tcgttcatcc
accatctggc
atcagcaata
cgcctcecate
tagtttgcgc
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg
gctgttgaga
tactttcacc
aataagggcg
catttatcag
acaaataggg
tattatcatg
tttecggtgat
tctgtaagcg
gtgtcggggc
gcggtgtgaa
attcaggctyg
gctggecgaaa
gtcacgacgt

gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
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aaagaaatga
ataaagcaat
tggtttgtcc
actccgccceca
gaggccgagyg
ggcctagact
tgaaattgtt
gcctggggatg
ttccagtcgg
ggcggtttge
gttcggcetgce
tcaggggata
aaaaaggccg
aatcgacgcet
ccecectggaa
tccgecttte
agttcggtgt
gaccgctgeg
tcgecactgg
acagagttct
tgcgctctge
caaaccaccg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgcetg
aaccagccag
cagtctatta
aacgttgttg
ttcagctccg
gcggttaget
ctcatggtta
tctgtgactg
tgctcttgcce
ctcatcattg
tccagttcga
agcgtttctg
acacggaaat
ggttattgtc
gttccgcgca
acattaacct
gacggtgaaa
gatgccggga
tggcttaact
ataccgcaca
cgcaactgtt

gggggatgtg
tgtaaaacga

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct

atatcagaga
agcatcacaa
aaactcatca
gttccgccca
ccgectegge
tttgcagaga
atccgcetcac
cctaatgagt
gaaacctgtc

gtattgggcg
ggcgagcggat
acgcaggaaa
cgttgectgge
caagtcagag
gcteectegt
tcecectteggg
aggtcgttcg
ccttatecgg
cagcagcecac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactcccecgt
caatgatacc
ccggaagggce
attgttgccyg
ccattgctac
gttcccaacg
cctteggtece
tggcagcact
gtgagtactc
cggcgtcaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcgg
catttccceg
ataaaaatag
acctctgaca
gcagacaagc
atgcggcatc
gatgcgtaag
gggaagggcyg
ctgcaaggcg
cggccagtge

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
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cccgaacagg
tgctgaagcg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttcct
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcect
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttyg
tgacgcaaat
tgaaccgtca
agagccgcca
gcattcctcece
ctgggagaca
tggtatcagc
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtgg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt

tggggtcaag
ggcggcggatt
acacagacac
tatcctggat
gataaaaaca
caaagtggtt
ctctacctga
acaattgtca
agcaagaata
caaaggggac
cggaaaggcc
gatcecgeggce
tcgeccacag
aggtggcgcg
ggtgggggag

gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttg
ggccagacaa

ggcgcaacag
cctggetgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctceccaacce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg

gatcgcctgg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tcccatcaag
tggagcaaga
tcggaggggyg
ctggcgaggg
cgccctecaca
gtgtaagctyg
gtagtgaaac
actccaagag
actactgtgce
gaacctcagt
ctggtggcgg
catataaagt
ctgaaatact
taggcagtga
attatgtctg
gggcaagagt
tagtggacat
gaaaggccaa
aaaacaagga
agcgggacct
cgcgaaggat
tcececgagaa

gggtaaactg
aaccgtatat

cgaaagggaa
gaggcgaggyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggace
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggatttce
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggce
agatattgcc
gactaagttyg
atccaccaag
gagcctgtcc
gattcgccag
cacatactat
ccaagttttc
caaacattat
caccgtcectcec
cggttctctce
ctccatctct
atggcaacac
tgaggatcac
ctaccccaga
gtgtgagaac
ctgcatcact
ggccaagect
gaggccacca
gtattctggce
ctgcgatcge
gttgggggga
ggaaagtgat
aagtgcagta
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accagagctc
gcggcgactg
gtgcgagagce
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacc
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgccttg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggcce
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttctge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctecacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggecyg
gaggatggta
ggaaccacag
aatgataaaa
ctgtcactga
ggaagcaaac
tgcatggaga
gggggcttgce
gtgacacgag
cctgttcccea
ctgaatcaga
tceggtgece
ggggtcggcea
gtcgtgtact
gtcgccgtga

PCT/US2016/033146

tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcc
gcagcagaac
ctggggceatc
acagctcctyg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta
ggcttggtag
ggatattcac
gaaggaatag
ggatctcgac
ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catccteccet
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctcagg
agggtctgga
tcaaatccag
acagtctgca
gtagctatgce
caggtggcgg
atgaagaaat
taatattgac
acataggcgg
aggaattttc
cagaagatgc
tggatgtgat
tgctgectggt
gagcgggtgce
acccagacta
gacgcatctg
gtcagtgggc
attgaacggg
ggctccgect
acgttctttt

ggactcggct
caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagyg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagyg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tcecgcceecat
gctegtttag
agaagattct
accacaccca
gtctgectet
atatttaaat
atcaagatta
ttctecteacce
taatacgctt
tggatcegge
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
cggttcectggt
gggtggtatt
atgccctcag
tgatgaggat
agaattggag
gaacttttat
gtcggtggcece
ttactactgg
tggcggcagg
tgagcccatc
ataagaattc
agagcgcaca
tgcctagaga
ttttcececgag
tcgcaacggg
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tttgccgcceca
cgccctacct
ggtgectcecet
ctttgtccecgg
accctgcettg
aagctgtgac
ccgcgacgac
cacgcgccac
cttcctcacg
ggtggcggtc
ccecgcegeatg
cctggcecgecg
cgaccaccag
gcgcgcecggyg
gcggceteggce
catgacccgce
aagattgact
aatgcctttyg
atcctggttyg
gtgcactgtg
ccttteecggg
ccttgeecge
ggggaaatca
gacgtccttc
gctgecggcet
cctttgggec
atcttagcca
aataagatct
agctctctgg
ttcaagtagt
tttagtcagt
tataacttgc
atggttacaa
attctagttyg
cccgcececcecta
tatttatgca
cttttttgga
gtttectgtyg
aaagtgtaaa
actgcccgcet
cgcggggaga
gcgctceggtce
atccacagaa
caggaaccgt
gcatcacaaa
ccaggcgttt
cggatacctg
taggtatctc
cgttcagccece
acacgactta
aggcggtgcet
atttggtatc
atccggcaaa
gcgcagaaaa
gtggaacgaa
ctagatcctt
ttggtctgac
tcgttcatcce
accatctggc

gaacacagct
gaggccgccea
gaactgcgtce
cgctcecececttg
ctcaactcta
cggegcectac
gtcccecaggy
accgtcgatc
cgcgtceggge
tggaccacge
gccgagttga
caccggccca
ggcaagggtc
gtgcccgect
ttcaccgtca
aagcccggtg
ggtattctta
tatcatgcta
ctgtctettt
tttgctgacg
actttcgcett
tgctggacag
tcgtceccttte
tgctacgtcc
ctgeggecte
gecteccege
ctttttaaaa
gctttttgcet
ctaactaggg
gtgtgccegt
gtggaaaatc
aaagaaatga
ataaagcaat
tggtttgtce
actccgcccea
gaggccgagyg
ggcctagact
tgaaattgtt
gcctggggtyg
ttccagtcgg
ggcggtttge
gttcggctgce
tcaggggata
aaaaaggccyg
aatcgacgcet
cccceccectggaa
tccgececttte
agttcggtgt
gaccgctgeg
tcgccactgg
acagagttct
tgcgctetge
caaaccaccyg
aaaggatctc
aactcacgtt
ttaaattaaa
agttaccaat
atagttgcct
cccagtgcetg

gaagcttcecga
tccacgeccecgg
cgcegtetag
gagcctacct
cgtctttgtt
gctagatgac
ccgtacgcac
cggaccgcca
tcgacatcgg
cggagagcgt
gcggttceecyg
aggagcccgc
tgggcagcge
tcectggagac
ccgecgacgt
cctgagtcga
actatgttgc
ttgctteceg
atgaggagtt
caacccccac
tccececctece
gggctcggcet
cttggctgcect
cttcggccect
ttecegegtet
ctggtacctt
gaaaaggggyg
tgtactgggt
aacccactgc
ctgttgtgtg
tctagcagta
atatcagaga
agcatcacaa
aaactcatca
gttccgccecca
ccgcecteggce
tttgcagaga
atccgctcac
cctaatgagt
gaaacctgtc

gtattgggcg
ggcgagcggt
acgcaggaaa
cgttgetgge
caagtcagag
gctccctegt
tccectteggg
aggtcgtteg
ccttatecgg
cagcagccac
tgaagtggtg
tgaagccagt
ctggtagcgg
aagaagatcc
aagggatttt
aatgaagttt
gcttaatcag
gactcccegt
caatgatacc

106

ggggctcgea
ttgagtcgceg
gtaagtttaa
agactcagcc
tcgttttctg
cgagtacaag
cctegeegece
catcgagcgg
caaggtgtgg
cgaagcgggy
gctggecgeg
gtggttcctg
cgtcgtgetce
ctcegegece
cgaggtgccce
caatcaacct
tccttttacg
tatggcttte
gtggccegtt
tggttggggce
tattgccacg
gttgggcact
cgcctgtgtt
caatccagcg
tcgecttege
taagaccaat
gactggaagg
ctctctggtt
ttaagcctca
actctggtaa
gtagttcatg
gtgagaggaa
atttcacaaa
atgtatctta
ttctcecgece
ctctgagcecta
cggceccaaat
aattccacac
gagctaactc
gtgccagctg
ctctteeget
atcagctcac
gaacatgtga
gtttttccat
gtggcgaaac
gcgctctect
aagcgtggcg
ctccaagetyg
taactatcgt
tggtaacagg
gcctaactac
taccttcgga
tggttttttt
tttgatcttt
ggtcatgaga
taaatcaatc
tgaggcacct
cgtgtagata
gcgagaccca
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tctectectte
ttctgeccgcece
agctcaggtce
ggctctccac
ttctgcgecg
cccacggtge
gecgttegecyg
gtcaccgagc
gtcgcggacg
gcggtgtteg
cagcaacaga
gccaccgteg
cccggagtgg
cgcaacctcec
gaaggaccgc
ctggattaca
ctatgtggat
attttctecet
gtcaggcaac
attgccacca
gcggaactca
gacaattccg
gccacctgga
gaccttcctt
cctcagacga
gacttacaag
gctaattcac
agaccagatc
ataaagcttyg
ctagagatcc
tcatcttatt
cttgtttatt
taaagcattt
tcatgtectgg
catggctgac
ttccagaagt
tcgtaatcat
aacatacgag
acattaattg
cattaatgaa
tcectegetea
tcaaaggcgg
gcaaaaggcc
aggctccgec
ccgacaggac
gttccgaccc
ctttctcata
ggctgtgtgce
cttgagtcca
attagcagag
ggctacacta
aaaagagttg
gtttgcaagc
tctacggggt
ttatcaaaaa
taaagtatat
atctcagcga
actacgatac
cgctcacecgg

acgcgecegce
tccecgectgt
gagaccgggc
gctttgectg
ttacagatcc
gectegcecac
actacccegce
tgcaagaact
acggcgccgc
ccgagatcgg
tggaaggcct
gcgtctcegece
aggcggccga
ccttcectacga
gcacctggtyg
aaatttgtga
acgctgcttt
ccttgtataa
gtggcgtggt
cctgtcagcet
tcgecegectyg
tggtgttgtec
ttctgcgegg
cccecgeggect
gtcggatctce
gcagctgtag
tcccaacgaa
tgagcctggg
ccttgagtge
ctcagacccet
attcagtatt
gcagcttata
ttttcactge
ctctagcetat
taattttttt
agtgaggagg
ggtcatagct
ccggaagcat
cgttgegetce
tcggccaacg
ctgacteget
taatacggtt
agcaaaaggc
ccectgacga
tataaagata
tgccgcettac
gctcacgctg
acgaaccccec
acccggtaag
cgaggtatgt
gaaggacagt
gtagctcttyg
agcagattac
ctgacgctca
ggatcttcac
atgagtaaac
tctgtctatt

gggagggctt
ctccagattt
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7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701

8761
p510_
1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101

atcagcaata
cgcctccatce
tagtttgcge
tatggcttca
gtgcaaaaaa
agtgttatca
aagatgcttt
gcgaccgagt
tttaaaagtg
gctgttgaga
tactttcacc
aataagggcg
catttatcag
acaaataggg
tattatcatg
tttcggtgat
tctgtaagcg
gtgtcggggc
gcggtgtgaa
attcaggctg
gctggcgaaa
gtcacgacgt

aaccagccag
cagtctatta
aacgttgttg
ttcagctceg
gcggttagcet
ctcatggtta
tctgtgactyg
tgctcttgcce
ctcatcattg
tccagttcga
agcgtttctg
acacggaaat
ggttattgtc
gttcecgcgea
acattaacct
gacggtgaaa
gatgccggga
tggcttaact
ataccgcaca
cgcaactgtt

gggggatgtg
tgtaaaacga

ccggaagggc
attgttgcecg
ccattgctac
gttcccaacg
ccttcggtcece
tggcagcact
gtgagtactc
cggcgtcaat
gaaaacgttc
tgtaacccac
ggtgagcaaa
gttgaatact
tcatgagcgg
catttcecceg
ataaaaatag
acctctgaca
gcagacaagc
atgcggcatc
gatgcgtaag
gggaagggcyg
ctgcaaggcg
cggccagtge

cgagcgcaga
ggaagctaga
aggcatcgtyg
atcaaggcga
tccgatcegtt
gcataattct
aaccaagtca
acgggataat

ttcggggcga
tecgtgcecacce

aacaggaagyg
catactcttc
atacatattt
aaaagtgcca
gcgtatcacyg
catgcagctc
ccgtcagggce
agagcagatt
gagaaaatac
atcggtgcgg
attaagttgg

caagctg.

antiCD19 SL._CD3gamma (SEQ ID NO: 19)

acgcgtgtag
acatgcctta
cgatcgtgece
attgccgeat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaagcg
gactagcgga
aattagatcyg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcect
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctce
gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa

ggcgcaacag
cctggetgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctccecaaccce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcget
gtttgactca
gcaccaaaat

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcctgggagce
tgagtgcttc
agaccctttt
cgaaagggaa
gaggcgaggyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg

cggggatttce
caacgggact
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gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctctggceta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcgactg
gtgcgagagc
aaggccaggy
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacc
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg

PCT/US2016/033146

agtggtcctyg
gtaagtagtt
gtgtcacgcet
gttacatgat
gtcagaagta
cttactgtca
ttctgagaat
accgcgccecac
aaactctcaa
aactgatctt
caaaatgccg
ctttttcaat
gaatgtattt
cctgacgtcet
aggcccttte
ccggagacgg
gcgtcagegg
gtactgagag
cgcatcaggce
gcctcecttege
gtaacgccag

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctyg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
ccccattgac
tcgtaacaac

caactttatc
cgccagttaa
cgtegtttgg
ccccececatgtt
agttggccgce
tgccateccgt
agtgtatgcg
atagcagaac
ggatcttacc
cagcatcttt
caaaaaaggg
attattgaag
agaaaaataa
aagaaaccat
gtctecgegeg
tcacagcttg
gtgttggcgg
tgcaccatat
geccattcegece
tattacgcca
ggttttccca

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgctta
ttgtgtgact
agcagtggcyg
ggactcggct
caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc

gtcaatggga
tccgceccecceccecat
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2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
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3181
3241
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4201
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4381
4441
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4741
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5041
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5161
5221
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5341
5401
5461
5521
5581
5641

tgacgcaaat
tgaaccgtca
agagccgccea
gcattcctcc
ctgggagaca
tggtatcagce
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtygg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt

tggggtcaag
ggcggcggatt
aaggtgtatg
aatatcacat
tggaatctgg
aacaagtcaa
gcagecacca
ggggtctact
actctgttgce
agccaccttce
aggatctgeg
gagaagttgg
aactgggaaa
tatataagtg
cagctgaagce
cgccatccac
gcgtcececgecg
ccttggagec
ctctacgtcet
cctacgctag
cagggccgta
cgatccecggac
cgggctegac
cacgccggag
gttgagcggt
gcccaaggag

gggtctgggc
cgccttectg

cgtcaccgec
cggtgectga
tcttaactat
tgctattgct
tctttatgag
tgacgcaacc
cgctttccecce
gacaggggct
ctttcettgg
cgteccectteg
gcctctteceg
cccecgeectggt
taaaagaaaa
ttgcttgtac
tagggaaccc
cccgtetgtt

gggcggtagg

gatcgcctgg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tccecatcaag
tggagcaaga
tcggaggggg
ctggcgaggg
cgcectcecaca
gtgtaagctg
gtagtgaaac
actccaagag
actactgtgce
gaacctcagt
ctggtggcgg
actatcaaga
ggtttaaaga
gaagtaatgc
aaccactcca
tatctggctt
tcattgctgg
ccaatgacca
aaggaaacca
atcgctccegyg
ggggaggggt
gtgatgtcgt
cagtagtcge
ttcgaggggce
gccggttgag
tctaggtaag
tacctagact
ttgtttegtt
atgaccgagt
cgcacccteg
cgccacatcg

atcggcaagg
agcgtcgaag
tcceggetgg
ccegegtggt
agcgccgteg
gagacctccg
gacgtcgagg
gtcgacaatc
gttgctcctt
tccegtatgg
gagttgtggc
cccactggtt
ctccectattg
cggctgttgg
ctgetcegect
geccctcaatce
cgtcttegece
acctttaaga
ggggggactg
tgggtctcte
actgcttaag
gtgtgactct

cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggc
agatattgcc
gactaagttg
atccaccaag
gagcctgtcec
gattcgccag
cacatactat
ccaagttttce
caaacattat
caccgtctcce
cggttctctce
agatggttecg
tgggaagatg
caaggaccca
agtgtattac
tctetttget
acaggatgga
gctctaccag
gttgaggagg
tgceccgtcag
cggcaattga
gtactggctc
cgtgaacgtt
tcgcatectet
tcgegttcetg
tttaaagctc
cagccggcte
ttctgttctg
acaagcccac
ccgccgegtt
agcgggtcac
tgtgggtcge
cgggggcggt
ccgecgcagcea
tcetggecac
tgctcececegg
cgccccgcaa
tgcecgaagg
aacctctgga
ttacgctatg
ctttcatttt
ccgttgtcecag
ggggcattgce

ccacggcgga
gcactgacaa

gtgttgccac
cagcggaccet
ttcgcectceca
ccaatgactt
gaagggctaa
tggttagacc
cctcaataaa
ggtaactaga
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gggaggttta
cacgctgttt

agccttcectge
acacagacta
gcaagtcagg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctccacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggceccg
gagcagtcaa
gtacttctga
atcggettec
cgagggatgt
agaatgtgtc
gaaatcgtca
gttcgccagt
cccctcaagg
aattgataag
tgggcagagc
acgggtgcecct
cgccttttte
ctttttegea
ccttecacgeg
ccgectececeg
aggtcgagac
tccacgettt
cgcegttaca
ggtgcgcctc
cgccgactac
cgagctgcaa
ggacgacggc
gttcgccgag
acagatggaa
cgteggegte
agtggaggcyg
cctececectte
accgcgcacc
ttacaaaatt
tggatacgct
ctcctecttg
gcaacgtggce
caccacctgt
actcatcgcc
ttccgtggtyg
ctggattctg
tcectteecge
gacgagtcgg
acaaggcagc
ttcactccca
agatctgagc
gcttgccettg
gatccctcag
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tataagcaga
tgacctccat
tctgtgagtt
catcctcect
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctecagg
agggtctgga
tcaaatccag
acagtctgeca
gtagctatgce
caggtggcgg
tcaaaggaaa
cttgtgatge
taactgaaga
atcagtgtaa
agaactgcat
gcattttegt
cgagagcttc
atcgagaaga
aattcgatcc
gcacatcgcec
agagaaggtg
ccgagggtgg
acgggtttgce
ccecgceegcec
cctgtggtgce
cgggcectttg
gcctgaccecet
gatccaagct
gccacccgceg
cccgccacgce
gaactcttcc
gcecgeggtygg
atcggcccgce
ggcctecctgg
tcgececgacce
gccgagcgceg
tacgagcggce
tggtgcatga
tgtgaaagat
gctttaatgce
tataaatcct
gtggtgtgca
cagctcettt
gcctgecttg
ttgtcgggga
cgcgggacgt
ggcctgetgce
atctcccttt
tgtagatctt
acgaaaataa
ctgggagctce
agtgcttcaa
acccttttag

gctegtttag
agaagattct
accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctcteace
taatacgctt
tggatccggce
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
cggttcectggt
ccacttggtt
agaagccaaa
taaaaaaaaa
aggatcacag
tgaactaaat
ccttgetgtt
agacaagcag
tgaccagtac
gcggccgcega
cacagtcccece
gcgcggggta
gggagaaccg
cgccagaaca
tacctgaggce
ctcctgaact
tccggegetce
gcttgectceaa
gtgaccggceg
acgacgtccc
gccacaccgt
tcacgcecgcegt
cggtctggac
gcatggccga
cgccgcaccg
accagggcaa
ccggggtgcec
tcggcttcac
ccegcaagec
tgactggtat
ctttgtatca
ggttgctgtce
ctgtgtttge
ccgggacttt
cccecgetgetg
aatcatcgtc
ccttetgcecta
cggetcetgeg
gggccgcectce
agccactttt
gatctgcttt
tctggctaac
gtagtgtgtg
tcagtgtgga
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5701
5761
5821
5881
5941
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6301
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8461
8521
8581
8641

8701

aaatctctag
aatgaatatc
gcaatagcat
tgtccaaact
gcccagttcce
cgaggccgcec
agacttttgc
ttgttatccg

gggtgcctaa
gtcgggaaac
tttgcgtatt
gctgcggcega
ggataacgca
ggcegegttyg
acgctcaagt
tggaagctcc
ctttctcect
ggtgtaggtc
ctgcgectta
actggcagca
gttcttgaag
tctgctgaag
caccgctggt
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgctta
tgcctgactce
tgctgcaatg
gccagccgga
tattaattgt
tgttgccatt
ctceceggttec
tagctceccectte
ggttatggca
gactggtgag
ttgecceggeg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtctcatg
gcgcacattt
aacctataaa
tgaaaacctc
cgggagcaga
taactatgcg
gcacagatgc
ctgttgggaa
atgtgctgceca
aacgacggcc

cagtagtagt
agagagtgag
cacaaatttce
catcaatgta
gcccattctce
tcggectetyg
agagacggcc
ctcacaattc
tgagtgagct
ctgtcgtgcee
gggcgctett
gcggtatcag
ggaaagaaca
ctggcgtttt
cagaggtgge
ctcgtgegcet
tcgggaagcg
gttcgcteca
tceggtaact
gccactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
cccgtegtgt
ataccgcgag
agggccgagce
tgccgggaag
gctacaggca
caacgatcaa
ggtcctcega
gcactgcata
tactcaacca
tcaatacggyg
cgttcttegyg
cccactegtg
gcaaaaacag
atactcatac
agcggataca
ccccgaaaag
aataggcgta
tgacacatge
caagcccgtce
gcatcagagc
gtaaggagaa
gggcgatcgg
aggcgattaa

agtgccaagc

tcatgtcatc
aggaacttgt
acaaataaag
tcttatcatg
cgcccecatgg
agctattcca
caaattcgta
cacacaacat
aactcacatt
agctgcatta
ccgcettecte
ctcactcaaa
tgtgagcaaa
tccatagget
gaaacccgac
ctcctgttcce
tggcgcetttce
agctgggctg
atcgtcttga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tcttttctac
tgagattatc
caatctaaag
cacctatctc
agataactac
acccacgctce
gcagaagtgg
ctagagtaag
tcgtggtgtce
ggcgagttac
tcgttgtcag
attctcttac
agtcattctg
ataataccgc
ggcgaaaact
cacccaactg
gaaggcaaaa
tctteectttt
tatttgaatg
tgccacctga
tcacgaggcec
agctceccgga
agggcgcgtc
agattgtact
aataccgcat

tgecgggecte
gttgggtaac

tg.

p3510_antiCD19 _SL_CD3delta (SEQ ID NO: 20)

1
61
121
181
241
301
361

acgcgtgtag
acatgcctta
cgatcgtgcce
attgccgeat
tctggttaga
agcctcaata
ctggtaacta

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctc

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgcttc
agaccctttt
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ttattattca
ttattgcagc
cattttttte
tctggctcta
ctgactaatt
gaagtagtga
atcatggtca
acgagccgga
aattgcgttg
atgaatcggce
gctcactgac
ggcggtaata
aggccagcaa
ccgecceecct
aggactataa
gaccctgeceg
tcatagctca
tgtgcacgaa
gtccaacccy
cagagcgagg
cactagaagg
agttggtagc
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggctcca
tcectgcaact
tagttcgcca
acgctcgteg
atgatccccec
aagtaagttg
tgtcatgcca
agaatagtgt
gccacatage
ctcaaggatce
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cgtctaagaa
ctttcgtcte
gacggtcaca
agcgggtgtt
gagagtgcac
caggcgcecat
ttegctatta
gccagggttt

gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
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gtatttataa
ttataatggt
actgcattcect
gctatcccge
ttttttattt
ggaggctttt
tagctgttte
agcataaagt
cgctcactgce
caacgcecgcegg
tcgetgeget
cggttatcca
aaggccagga
gacgagcatc
agataccagg
cttaccggat
cgctgtaggt
ccececegtte
gtaagacacyg
tatgtaggcg
acagtatttg
tcttgatceg
attacgcgca
gctcagtgga
ttcacctaga
taaacttggt
ctatttcgtt
ggcttaccat
gatttatcag
ttatccgccet
gttaatagtt
tttggtatgg
atgttgtgeca
gccgeagtgt
tccgtaagat
atgcggcgac
agaactttaa
ttaccgectgt
tcttttactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
gcgegttteg
gcttgtcetgt
ggcgggtgtce
catatgcggt
tcgccattcea
cgccagetgg
tcccagtcac

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct

cttgcaaaga
tacaaataaa
agttgtggtt
ccctaactcece
atgcagaggc
ttggaggcct
ctgtgtgaaa
gtaaagcctg
ccgcectttcececa
ggagaggcgyg
cggtecgttceg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgtttceeccece
acctgtcecgce
atctcagttc
agcccgaccyg
acttatcgec
gtgctacaga
gtatctgcgce
gcaaacaaac
gaaaaaaagg
acgaaaactc
tcecttttaaa
ctgacagtta
catccatagt
ctggccccag
caataaacca
ccatccagte
tgcgcaacgt
cttcattcag
aaaaagcggt
tatcactcat
gcttttctgt
cgagttgcetce
aagtgctcat
tgagatccag
tcaccagcgt

gggcgacacg
atcagggtta

taggggttcc
tcatgacatt
gtgatgacgg
aagcggatgce
ggggctggct
gtgaaatacc
ggctgcgcaa
cgaaaggggy
gacgttgtaa

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
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421

481

541

601

661

721

781

841

901

961

1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901

cccgaacagg
tgctgaagcg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttcct
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttgcect
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttyg
tgacgcaaat
tgaaccgtca
agagccgcca
gcattcctcece
ctgggagaca
tggtatcagc
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtgg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt

tggggtcaag
ggcggcggatt
gacagagtgt
ctgcectcetcag
tataggtgta
cgaatgtgcc
gatgtcattg
ggaaggctgt
ccectecgag
aagtgataag
tgggcagagce
acgggtgecet
cgecttttte
ctttttcgca
ccttcacgcecg

gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttg
ggccagacaa

ggcgcaacag
cctggetgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctceccaacce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg

gatcgcctgg
ccatgcttct

tgatcccaga
gagtcaccat
agaaaccaga
tcccatcaag
tggagcaaga
tcggaggggyg
ctggcgaggg
cgccctecaca
gtgtaagctyg
gtagtgaaac
actccaagag
actactgtgce
gaacctcagt
ctggtggcgg
ttgtgaattg
acattacaag
atgggacaga
agagctgtgt
ccactctgct
ctggggctge
atcgagatga
aattcgatcc
gcacatcgcc
agagaaggtyg
ccgagggtgg
acgggtttgce
ccecgcecgecce

cgaaagggaa
gaggcgaggyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggace
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggatttce
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggce
agatattgcc
gactaagttyg
atccaccaag
gagcctgtcc
gattcgccag
cacatactat
ccaagttttc
caaacattat
caccgtcectcec
cggttctctce
caataccagc
actggacctyg
tatatacaag
ggagctggat
ccttgcetttg
cgacacacaa
tgctcagtac
gcggccgcega
cacagtcccc
gcgceggggta
gggagaaccyg
cgccagaaca
tacctgaggc
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accagagctc
gcggcgactg
gtgcgagagce
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacc
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgccttg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggcce
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttctge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctecacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggecyg
gagttcaaga
atcacatggg
ggaaaacgca
gacaaagaat
ccagccaccg
ggagtcttct
gctcectgttga
agccaccttyg
aggatctgcg
gagaagttgg
aactgggaaa
tatataagtg
cagctgaagc
cgccatccac
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tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcc
gcagcagaac
ctggggceatce
acagctcctyg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta
ggcttggtag
ggatattcac
gaaggaatag
ggatctcgac
ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
catccteccet
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctcagg
agggtctgga
tcaaatccag
acagtctgca
gtagctatgce
caggtggcgg
tacctataga
tagagggaac
tcectggaccece
ctaccgtgceca
tggctggcat
gctttgctgg
ggaatgacca

gaggaaactg
atcgctcecgg

ggggagggagt
gtgatgtcgt
cagtagtcgc
ttcgagggge
gceggttgag

ggactecggcet
caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagyg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tcegceceecat
gctcecgtttag
agaagattct
accacaccca
gtctgectet
atatttaaat
atcaagatta
ttctecteacce
taatacgctt
tggatcegge
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
cggttcectggt

ggaacttgag

ggtgggaaca
acgaggaata

agttcattat
cattgtcact
acatgagact
ggtctatcag
ggctcecggaac
tgccegtcecag
cggcaattga
gtactggctc
cgtgaacgtt
tcgecatctct
tcgegttcetg
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3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
5161
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441

ccgecteceg
aggtcgagac
tccacgettt
cgccgttaca
ggtgcgcecctce
cgccgactac
cgagctgcaa
ggacgacggc
gttcgccgag
acagatggaa
cgteggegte
agtggaggcg
cctecectte
accgegcacce
ttacaaaatt
tggatacgct
ctcctecttg
gcaacgtggc
caccacctgt
actcatcgcc
ttcegtggtg
ctggattctg
tccttecege
gacgagtcgg
acaaggcagc
ttcactcceca
agatctgagc
gcttgecttg
gatccectcag
ttattattca
ttattgcagc
catttttttce
tctggctcta
ctgactaatt
gaagtagtga
atcatggtca
acgagccgga
aattgegttyg
atgaatcggc
gctcactgac
ggcggtaata
aggccagcaa
ccgeccecect
aggactataa
gaccectgecg
tcatagctca
tgtgcacgaa
gtccaacccyg
cagagcgagg
cactagaagg
agttggtagc
caagcagcag
ggggtctgac
aaaaaggatc
tatatatgag
agcgatctgt
gatacgggag
accggctcca
tcctgcaact

cctgtggtge
cgggcectttg
gectgacect
gatccaagct
gccacccgeg
ccegccacge
gaactcttcce
gccgeggtgg
atcggccecge
ggcctectgyg
tcgeccecgace
gccgagcgceg
tacgagcggc
tggtgcatga
tgtgaaagat
gctttaatgc
tataaatcct
gtggtgtgca
cagctcecettt
gcectgececttg

ttgtcgggga
cgcgggacgt
ggcctgcetge
atctcccttt
tgtagatctt
acgaaaataa
ctgggagctc
agtgcttcaa
acccttttag
gtatttataa
ttataatggt
actgcattct
gctatccecege
ttttttattt
ggaggctttt
tagctgtttc
agcataaagt
cgctcactge
caacgcgcgg
tcgectgegcet
cggttatcca
aaggccagga
gacgagcatc
agataccagg
cttaccggat
cgctgtaggt
ccceceegtte
gtaagacacyg
tatgtaggcg
acagtatttg
tcttgatceg
attacgcgca
gctcagtgga
ttcacctaga
taaacttggt
ctatttegtt
ggcttaccat
gatttatcag
ttatccgect

ctcctgaact
tccggegcetce
gcttgctcaa
gtgaccggcg
acgacgtccc
gccacaccgt
tcacgecgcegt
cggtctggac
gcatggccga
cgcegeaceg
accagggcaa
ccggggtgcec
tcggcttcac
cccecgcaagec
tgactggtat
ctttgtatca
ggttgctgtc
ctgtgtttge
ccgggacttt
ccecgetgetg
aatcatcgtc
ccttcectgcta
cggctctgceg
gggccgcctce
agccactttt
gatctgcettt
tctggctaac
gtagtgtgtg
tcagtgtgga
cttgcaaaga
tacaaataaa
agttgtggtt
ccctaactcec
atgcagaggc
ttggaggcct
ctgtgtgaaa
gtaaagcctyg
ccgcecttteca
ggagaggcgyg
cggtcgttceg
cagaatcagg
accgtaaaaa
acaaaaatcg
cgtttceeccece
acctgtcegce
atctcagttc
agcccgaccyg
acttatcgcec
gtgctacaga
gtatctgcgce
gcaaacaaac
gaaaaaaagg
acgaaaactc
tccttttaaa
ctgacagtta
catccatagt
ctggcceecag
caataaacca
ccatccagtc
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gecgtcecegecy
ccttggagcc
ctctacgtcet
cctacgctag
cagggccgta
cgatccecggac
cgggctegac
cacgccggag
gttgagcggt
gcccaaggag

gggtctgggc
cgccttectg

cgtcaccgcec
cggtgectga
tcttaactat
tgctattgct
tctttatgag
tgacgcaacc
cgctttecce
gacaggggct
ctttececttgg
cgtecctteg
gcctctteceg
cccecgectggt
taaaagaaaa
ttgecttgtac
tagggaaccc
cccecgtetgtt
aaatctctag
aatgaatatc
gcaatagcat
tgtccaaact
gcccagttcece
cgaggcegce
agacttttgc
ttgttatccg
gggtgcctaa
gtcgggaaac
tttgcgtatt
gctgcggcga
ggataacgca
ggccgegttg
acgctcaagt
tggaagctce
ctttctecct
ggtgtaggtc
ctgcgectta
actggcagca
gttcttgaag
tctgctgaag
caccgctggt
atctcaagaa
acgttaaggg
ttaaaaatga
ccaatgctta
tgccectgacte
tgctgcaatg
gccagccgga
tattaattgt
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tctaggtaag
tacctagact
ttgtttegtt
atgaccgagt
cgcaccctecg
cgccacatceg

atcggcaagg
agcgtcgaag
tcceggetgg
ccegegtggt
agcgceegteg
gagacctccg
gacgtcgagg
gtcgacaatc
gttgctectt
tccegtatgg
gagttgtggc
cccactggtt
ctcectattg
cggctgttgg
ctgctcgect
gccctcaatce
cgtcttcgcece
acctttaaga
ggggggactg
tgggtctcte
actgcttaag
gtgtgactct
cagtagtagt
agagagtgag
cacaaatttc
catcaatgta
gcccattcete
tcggceetetg
agagacggcc
ctcacaattc
tgagtgagcet
ctgtcecgtgece
gggcgctcett

gcggtatcag
ggaaagaaca

ctggcgtttt
cagaggtggc
ctegtgeget
tcgggaagcg
gttcgctcca
tccggtaact
gccactggta
tggtggccta
ccagttacct
agcggtggtt
gatcctttga
attttggtca
agttttaaat
atcagtgagg
ccegtegtgt
ataccgcgag
agggccgagc
tgccgggaag

tttaaagctc
cagccggcetce
ttctgttectg
acaagcccac
ccgeecgegtt
agcgggtcac
tgtgggtcge
cgggggcggt
ccgcgcagcea
tcectggecac
tgctcceceegyg
cgccccgcaa
tgcccgaagg
aacctctgga
ttacgctatg
ctttecatttt
ccgttgtcag
ggggcattgce

ccacggcgga
gcactgacaa

gtgttgccac
cagcecggacct
ttcgccctcea
ccaatgactt
gaagggctaa
tggttagacc
cctcaataaa
ggtaactaga
tcatgtcatce
aggaacttgt
acaaataaag
tcttatcatg
cgceccatgg
agctattcca
caaattcgta
cacacaacat
aactcacatt
agctgcatta
ccgcecttecte
ctcactcaaa
tgtgagcaaa
tccataggct
gaaacccgac
ctcecetgttece
tggecgcettte
agctgggcetg
atcgtcttga
acaggattag
actacggcta
tcggaaaaag
tttttgtttg
tcttttetac
tgagattatc
caatctaaag
cacctatctce
agataactac
acccacgctce
gcagaagtgg
ctagagtaag



WO 2016/187349

7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581

8641

tagttcgcca
acgctecgteg
atgatccccecc
aagtaagttg
tgtcatgcca
agaatagtgt
gccacatagce
ctcaaggatc
atcttcagca
tgccgcaaaa
tcaatattat
tatttagaaa
cgtctaagaa
ctttcecgtcte
gacggtcaca
agcgggtgtt
gagagtgcac
caggcgcecat
ttegctatta

gccagggttt

gttaatagtt
tttggtatgg
atgttgtgca
gccgcagtgt
tccgtaagat
atgcggcgac
agaactttaa
ttaccgectgt
tcttttactt
aagggaataa
tgaagcattt
aataaacaaa
accattatta
gecgcegttteg
gettgtetgt
ggcgggtgtce
catatgcggt
tcgecattcea
cgccagetgg
tcccagtcac

tgcgcaacgt
cttcattcag
aaaaagcggt
tatcactcat
gcttttctgt
cgagttgcte
aagtgctcat
tgagatccag
tcaccagecgt

gggcgacacyg
atcagggtta

taggggttcc
tcatgacatt
gtgatgacgg
aagcggatgc
ggggctggct
gtgaaatacc
ggctgcgcaa
cgaaaggggy
gacgttgtaa

p510_antiCD19 _SL_TCRbeta (SEQ ID NO: 21)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801
1861
1921
1981
2041
2101
2161
2221

acgcgtgtag
acatgectta
cgatcgtgcce
attgccgcat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttcct
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttyg
tgacgcaaat
tgaaccgtca

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgcecet
gagatccctc
gacctgaaag
cgcacggcaa

ggctagaagg
cgatgggaaa
gtatgggcaa
gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttg
ggccagacaa

ggcgcaacag
cctggctgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctceccaacce
gacagagaca
agaaaagggyg
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg
gatcgcctgg

tactcttgta
aaaagcaccyg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgctte
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagct
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggace
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
agacgccatc
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tgttgccatt
ctcecggttcee
tagctceccette
ggttatggca
gactggtgag
ttgececggeyg
cattggaaaa
ttcgatgtaa
ttctgggtga
gaaatgttga
ttgtctcatg
gcgcacattt
aacctataaa
tgaaaacctc
cgggagcaga
taactatgcg
gcacagatgc
ctgttgggaa
atgtgctgca
aacgacggcc

gtcttgcaac
tgcatgeccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagce
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgccttg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggcce
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg

gggaggttta
cacgctgttt
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gctacaggca
caacgatcaa
ggtcctcececga
gcactgcata
tactcaacca
tcaatacggg
cgttcttegg
cccactcgtg
gcaaaaacag
atactcatac
agcggataca
ccccgaaaag
aataggcgta
tgacacatgc
caagccegte
gcatcagagc
gtaaggagaa
gggcgatcgg
aggcgattaa

agtgccaagc

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgceccgtetg
gaaaatctct
tctcgacgca
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcc
gcagcagaac
ctggggceatc
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta
ggcttggtag
ggatattcac
gaaggaatag
ggatctcgac
ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga
tgacctccat

tcgtggtgte
ggcgagttac
tcgttgtcag
attctcttac
agtcattctg
ataataccgc
ggcgaaaact
cacccaactg
gaaggcaaaa
tcttectttt
tatttgaatg
tgccacctga
tcacgaggcc
agctcceccgga
agggcgcegtce
agattgtact
aataccgcat

tgcgggectc
gttgggtaac

tg.

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggcet
caaaaatttt
agcgggggag
aatataaatt
ctggcctgtt
ttcagacagyg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcecgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tcecgcceecat
gctcgtttag
agaagattct
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2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341
5401
5461
5521
5581
5641
5701
5761

agagccgccea
gcattcctcc
ctgggagaca
tggtatcagc
cactcaggag
attagcaacc
ccgtacacgt
aagcccggat
ggcctggtgg
cccgactatg
gtaatatggg
atcaaggaca
acagccattt

tggggtcaag
ggcggeggtt
gtcacacaaa
tccecctaggt
cagttcctceca
ttctcecegcac
ggggactcag
ttctttggac
gaggtcgcetg
gtgtgcctgg
aaggaggtgc
aatgactcca
ccceccgceaacce
acccaggata
gactgtggct
gagatcctgc
gccatggtca
gatcgctcecg
g9999a9999
agtgatgtcg
gcagtagtcg
cttcgagggg
cgccggttga
gtctaggtaa
ctacctagac
tttgtttegt
gatgaccgag
acgcaccctce
ccgccacatce
catcggcaag
gagcgtcgaa
ttcecggcetg
gccecgegtgg
cagcgccgtce
ggagacctcc
cgacgtcgag
agtcgacaat
tgttgctcct
ttcecgtatg
ggagttgtgg
ccccactggt
cctececctatt
tcggctgttg
gctgetegece
ggccctcaat
gcgtcttege

ccatgcttet
tgatcccaga
gagtcaccat
agaaaccaga
tcccatcaag
tggagcaaga
tcggaggggyg
ctggcgaggg
cgccctecaca
gtgtaagctyg
gtagtgaaac
actccaagag
actactgtgc
gaacctcagt
ctggtggcgg
ccccaaagca
ctggagacct
ttcagtatta
aacagttccc
ctttgtattt
aaggcaccag
tgtttgagce
ccacaggctt
acagtggggt
gatactgect
acttcegcetyg
gggccaaacc
ttacctcggt

tagggaaggc
agagaaagga
gtgcccgtcea
tcggcaattg
tgtactggct
ccgtgaacgt
ctcgcatctce
gtcgecgttcet
gtttaaagct
tcagccecggcet
tttctgttct
tacaagccca
geccgecgegt
gagcgggtca
gtgtgggtcg
gcgggggcay
geccgegcage
ttcctggeca
gtgctcceceg
gecgccecgea
gtgcccgaag
caacctctgg
tttacgctat
gctttcattt
ccegttgtcea

tggggcattg

gccacggcegg
ggcactgaca

tgtgttgcca
ccagcggacc
cttcgeecte

cctggtgaca
catccagatg
cagttgcagg
tggaactgtt
gttcagtggce
agatattgcc
gactaagttyg
atccaccaag
gagcctgtcc
gattcgccag
cacatactat
ccaagttttc
caaacattat
caccgtcectcec
cggttcetcecte
cctgatcaca
ctctgtgtca
taatggagaa
tgacttgcac
ctgtgccagce
actcacagtt
atcagaagca
cttccecgac
cagcacggac
gagcagccgce
tcaagtccag
cgtcacccag
gtcctaccag
caccctgtat
tttctgataa
gtgggcagag
aacgggtgcc
ccgecttttt
tctttttcege
tccttecacge
gccgcectecce
caggtcgaga
ctccacgctt
gcgccecgttac
cggtgcecgcect
tcgecgacta
ccgagctgca
cggacgacgg
tgttcgeccga
aacagatgga
ccgtcecggegt
gagtggaggc
acctccccett
gaccgcgeac
attacaaaat
gtggatacgc
tctectectt
ggcaacgtgg
ccaccacctg
aactcatcgc
attcegtggt
cctggattet
ttccttececeg

agacgagtcg

113

agccttcectge
acacagacta
gcaagtcagyg
aaactcctga
agtgggtctg
acttactttt
gaaataacag
ggcgaggtga
gtcacatgca
cctecacgaa
aattcagctc
ttaaaaatga
tactacggtg
tcagcggecyg
gagctgggag
gcaactggac
tggtaccaac
gagagagcaa
tctgaactaa
agccccecgga
gtagaggacc
gagatcteccce
cacgtggagc
ccgecagceccc
ctgagggtct
ttctacggge
atcgtcagcg
caaggggtcc
gctgtgctgyg
gaattcgatc
cgcacatcgc
tagagaaggt
cccgagggtg
aacgggtttyg
gcececgecgeca
gcctgtggtyg
ccgggecettt
tgccectgacce
agatccaagc
cgccacccge
cceegecacyg
agaactcttc
cgccgeggtg
gatcggccecyg
aggcctcecctyg
ctcgcececgac
ggccgagcgce
ctacgagcecgyg
ctggtgcatg
ttgtgaaaga
tgctttaatg
gtataaatcc
cgtggtgtge
tcagctcctt
cgcctgectt
gttgtcgggag
gcgcgggacy
cggectgetg
gatctccctt
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tctgtgagtt
catcctcect
acattagtaa
tctaccatac
gaacagatta
gccaacaggg
gctccacctce
aactgcagga
ctgtctcagg
agggtctgga
tcaaatccag
acagtctgca
gtagctatgc
caggtggcgg
caggcccagt
agcgagtgac
agagcctgga
aaggaaacat
acctgagcetce
caggcctgaa
tgaacaaggt
acacccaaaa
tgagctggtg
tcaaggagca
cggccacctt
tctecggagaa
ccgaggcectg
tgtctgccac
tcagcgeccet
cgcggcecgeg
ccacagtccc
ggcgcgggagt
ggggagaacc
ccgccagaac
ctacctgagg
cctcctgaac
gtcecggeget
tgcttgctea
tgtgaccggce
gacgacgtcc
cgccacacceg
ctcacgcgcg
gcggtctgga
cgcatggceceg
gcgcegceacce
caccagggca
gccggggtgce
ctcggcttea
acccgcaagce
ttgactggta
cctttgtatc
tggttgectgt
actgtgtttyg
tccgggactt
gccegetgcet
aaatcatcgt
tcecttetget
ccggcectcetge

tgggccgect

accacaccca
gtctgecctcet
atatttaaat
atcaagatta
ttctecteacce
taatacgctt
tggatcegge
gtcaggacct
ggtctcatta
gtggctggga
actgaccatc
aactgatgac
tatggactac
cggttcectggt
ggattctgga
gctgagatgc
ccagggcctce
tcttgaacga
tctggagetg
cactgaagct
gttcccaccc
ggccacactyg
ggtgaatggg
gcccgececte
ctggcagaac
tgacgagtgg
gggtagagca
catcctctat
tgtgttgatg
aaggatctgc
cgagaagttg
aaactgggaa
gtatataagt
acagctgaag
ccgccatccea
tgcgtcecgcece
ccettggage
actctacgtc
gcctacgcta

ccagggccgt
tcgatcegga

tcgggctcga
ccacgccgga
agttgagcgg
ggcccaagga

agggtctggg
ccgecttect

ccgtcecaccge
ccggtgectg
ttcttaacta
atgctattgc
ctctttatga
ctgacgcaac
tcgectttcecce
ggacaggggc
cctttecttg
acgtcecttce
ggcctcttcec
cccegectgg
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tacctttaag
aggggggact
ctgggtcetet
cactgcttaa
tgtgtgactc
gcagtagtag
cagagagtga
tcacaaattt
tcatcaatgt
cgceccattet
ctecggectet
cagagacggc
gctcacaatt
atgagtgagc
cctgtegtge
tgggcgctct
agcggtatca
aggaaagaac
gctggegttt
tcagaggtgg
cctecgtgege
ttegggaage
cgttcgctcce
atccggtaac
agccactggt
gtggtggcct
gccagttacc
tagcggtggt
agatcctttyg
gattttggtc
aagttttaaa
aatcagtgag
ccecegtegtg
gataccgcga
aagggccgag
ttgccgggaa
tgctacaggce
ccaacgatca
cggtcctecg
agcactgcat
gtactcaacc
gtcaatacgg
acgttcttceg
acccactegt
agcaaaaaca
aatactcata
gagcggatac
tcececcgaaaa
aaataggcgt
ctgacacatg
acaagcccgt
ggcatcagag
cgtaaggaga
agggcgatcg
aaggcgatta
cagtgccaag

accaatgact
ggaagggcta
ctggttagac
gcctcaataa
tggtaactag
ttcatgtcat
gaggaacttyg
cacaaataaa
atcttatcat
ccgecccatg
gagctattcc
ccaaattcgt
ccacacaaca
taactcacat
cagctgeatt
tccgettcect
gctcactcaa
atgtgagcaa
ttccatagge
cgaaacccga
tctecectgtte
gtggcgcttt
aagctgggct
tatcgtcttg
aacaggatta
aactacggcet
ttcggaaaaa
ttttttgttt
atcttttcta
atgagattat
tcaatctaaa
gcacctatct
tagataacta
gacccacgct
cgcagaagtg
gctagagtaa
atcgtggtgt
aggcgagtta
atcgttgtca
aattctctta
aagtcattct
gataataccg

gggcgaaaac
gcacccaact

ggaaggcaaa
ctcttcettt
atatttgaat
gtgccacctyg
atcacgaggc
cagctcccgg
cagggcgcgt
cagattgtac
aaataccgca
gtgcgggcecet
agttgggtaa

cta.

tacaaggcag
attcactccc
cagatctgag
agcttgcctt
agatccctca
cttattattc
tttattgcag
gcattttttt
gtctggctct
gctgactaat
agaagtagtg
aatcatggtc
tacgagccgg
taattgecgtt
aatgaatcgg
cgctcactga
aggcggtaat
aaggccagea
tcegceceeccece
caggactata
cgaccctgcecce
ctcatagctc
gtgtgcacga
agtccaaccc
gcagagcgag
acactagaag
gagttggtag
gcaagcagca
cggggtctga
caaaaaggat
gtatatatga
cagcgatctg
cgatacggga
caccggctcece
gtcctgcaac
gtagttcgcc
cacgctegte
catgatcccece
gaagtaagtt
ctgtcatgcc
gagaatagtg
cgccacatag
tctcaaggat
gatcttcagc
atgccgcaaa
ttcaatatta
gtatttagaa
acgtctaaga
cctttegtet
agacggtcac
cagcgggtgt
tgagagtgca
tcaggcgcca
cttcgctatt

cgccagggtt

p510_antiBCMA_CD3epsilon (SEQ ID NO: 22)
acgcgtgtag tcttatgcaa tactcttgta
acatgcctta caaggagaga aaaagcaccg

1
61
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ctgtagatct
aacgaaaata
cctgggagcet
gagtgcttca
gaccctttta
agtatttata
cttataatgg
cactgcattc
agctatcccg
tttttttatt
aggaggcttt
atagctgttt
aagcataaag
gcgcteactyg
ccaacgcgcyg
ctcgcectgege
acggttatcc
aaaggccagg
tgacgagcat
aagataccag
gcttaccgga
acgctgtagg
acccccecegtt
ggtaagacac
gtatgtaggc
gacagtattt
ctcttgatcc
gattacgcgc
cgctcagtgg
cttcacctag
gtaaacttgg
tctatttcgt
gggcttacca
agatttatca
tttatccgcce
agttaatagt
gtttggtatyg
catgttgtge
ggccgcagtyg
atccgtaaga
tatgcggcga
cagaacttta
cttaccgctg
atcttttact
aaagggaata
ttgaagcatt
aaataaacaa
aaccattatt
cgcgcegttte
agcttgtctg
tggcgggtgt
ccatatgegyg
ttcgccatte
acgccagctg
ttcccagtca

gtcttgcaac
tgcatgccga
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tagccacttt
agatctgctt
ctctggcectaa
agtagtgtgt
gtcagtgtgg
acttgcaaag
ttacaaataa
tagttgtggt
ccccetaactce
tatgcagagg
tttggaggcec
cctgtgtgaa
tgtaaagcct
ccegctttec
gggagaggcyg
tcggtegttce
acagaatcag
aaccgtaaaa
cacaaaaatc
gcgtttcceccce
tacctgtccg
tatctcagtt
cagcccgacec
gacttatcgce
ggtgctacag
ggtatctgcg
ggcaaacaaa
agaaaaaaag
aacgaaaact
atccttttaa
tctgacagtt
tcatccatag
tctggcecccea
gcaataaacc
tccatccagt
ttgcgcaacg
gcttecattca
aaaaaagcgg
ttatcactca
tgcttttctg
ccgagttget
aaagtgctca
ttgagatcca
ttcaccageg
agggcgacac
tatcagggtt
ataggggttc
atcatgacat
ggtgatgacg
taagcggatg
cggggctgge
tgtgaaatac
aggctgcgea
gcgaaagggyg
cgacgttgta

atggtaacga
ttggtggaag

ttaaaagaaa
tttgcttgta
ctagggaacc
gcccecgtcetgt
aaaatctcta
aaatgaatat
agcaatagca
ttgtccaaac
cgcccagttce
ccgaggecge
tagacttttg
attgttatcc

ggggtgccta
agtcgggaaa
gtttgecgtat
ggctgcggceg
gggataacgc
aggccgcegtt
gacgctcaag
ctggaagctc
cctttctecce
cggtgtaggt
gctgcgcectt
cactggcagc
agttcttgaa
ctctgctgaa
ccaccgctgg
gatctcaaga
cacgttaagg
attaaaaatg
accaatgctt
ttgcctgact
gtgctgcaat
agccagccgg
ctattaattg
ttgttgccat
gctceceggtte
ttagctectt
tggttatggce
tgactggtga
cttgcecegge
tcattggaaa
gttcgatgta
tttetgggtg
ggaaatgttyg
attgtctcat
cgcgcacatt
taacctataa
gtgaaaacct
ccgggagcag
ttaactatgc
cgcacagatg
actgttggga
gatgtgctgc
aaacgacggc

tgagttagca
taaggtggta
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cgatcgtgece
attgccgcat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttcct
tgacggtaca
gggctattga
aggcaagaat
gttgctctgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa
aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttyg
tgacgcaaat
tgaaccgtca
agagccgccea
gcattcctcece
ggcgcgagcyg
aactgggtgc
agcggcaaca
agcagcagca
ttttgcgega
gtgaccgtga
gatattgtga
attagctgca
tatctgcaga
agcggegtgce
agccgegtgg
tggacctttg
ggcggttcetg
cagacaccat
cctggatctg
aaaaacatag
agtggttatt
tacctgaggg
attgtcatag
aagaatagaa

aggggacaaa

ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctc
gacctgaaag
cgcacggcaa

ggctagaagg

cgatgggaaa
gtatgggcaa

gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttg
ggccagacaa

ggcgcaacag
cctggctgtyg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctcccaaccc
gacagagaca
agaaaagggy
gacatacaaa
gtattatgcc
agtcatcgct
gtttgactca
gcaccaaaat

gggcggtagg

gatcgcctgg
ccatgcttct

tgatcccaca
tgaaagtgag
gccaggcgcec
gcgaatataa
ccgcgtatat
gcctgtatga
gcagcggcgy
tgacccagac
aaagcagcca
aaccgggcca
cggatcgcett
aagcggaaga
gccagggcac
gtggcggcgg
ataaagtctc
aaatactatg
gcagtgatga
atgtctgcta
caagagtgtg
tggacatctg
aggccaaggc
acaaggagag

ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgcttc
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagcet
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttge
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg
ggattggggg
ctaaagaatt
cagtacatga
attaccatgg
cggggattte
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
ggtgcagctg
ctgcaaagcg
gggccagggc
ccagaaattt
ggaactgagc
ttatgattgg
cggcggeage
ccegctgage
gagcctggtg
gagcccgcag
tagcggcagce
tgtgggcgtg
caaactggaa
ttctctcgag
catctctgga
gcaacacaat
ggatcacctg
ccccagagga
tgagaactgc
catcactggg
caagcctgtg
gccaccacct
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gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagc
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgccttg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttcectge
gtgcagagcg
agcggctata
ctggaatgga
accggecgceyg
agcctgcgcea
tattttgatg
ggcggcggcy
ctgagcecgtga
catagcaacg
ctgctgattt
ggcagcggcy
tattattgcg
attaaaagcg
gatggtaatg
accacagtaa
gataaaaaca
tcactgaagg
agcaaaccag
atggagatgg
ggcttgctge
acacgaggag
gttcccaacc
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tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcc
gcagcagaac
ctggggceatce
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa
attacaaaat
ctttcctact
ttggcagtac
cceccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
gcgcggaagt
gctttccgga
tgggctggat
tgaccatgac
gcgaagatac
tgtggggcca
gcagcggcgyg
cceecgggcga
gcaacaccta
ataaagtgag
cggattttac
cggaaaccag
gtggcggegg
aagaaatggg
tattgacatg
taggcggtga
aattttcaga
aagatgcgaa
atgtgatgtc
tgctggttta
cgggtgctgg
cagactatga

gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggct
caaaaatttt
agcgggggag
aatataaatt
ctggccetgtt
ttcagacagyg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcecgtt
aagaagaagg
ggtatcggtt
tagtagacat
tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tcegceceecat
gctcgtttag
agaagattct
accacaccca
gaaaaaaccg
ttattatatt
ttattttgcg
ccgegatace
cgcggtgtat
gggcaccatg
cggcggceage
accggegagce
tctgcattgg
caaccgcttt
cctgaaaatt
ccatgtgecg
ttctggtggce
tggtattaca
ccetcagtat
tgaggatgat
attggagcaa
cttttatcte

ggtggccaca
ctactggagc

cggcaggcaa
gcccatcecgg
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aaaggccagc
tccgeggecg
gcccacagtce
gtggcgcggg
tgggggagaa
tgccgecaga
ccctacctga
tgcctectga
ttgtcecggceg
cctgcttget
gctgtgaccyg
gcgacgacgt
cgcgccacac
tcctcacgeg
tggcggtctg
cgcgcatggce
tggcgceccgca
accaccaggyg
gcgccggggt
ggctcggcett
tgacccgcaa
gattgactgg
tgcctttgta
cctggttgcet
gcactgtgtt
tttccgggac
ttgccegetg
ggaaatcatc
cgtecttetg
tgccggetet
tttgggcecgce
cttagccact
taagatctgce
ctctcectgget
caagtagtgt
tagtcagtgt
taacttgcaa
ggttacaaat
tctagttgtg
cgcccctaac
tttatgcaga
tttttggagg
ttcctgtgtg
agtgtaaagc
tgceccgettt
cggggagagy
gctcggtegt
ccacagaatc
ggaaccgtaa
atcacaaaaa
aggcgtttcc
gatacctgtc
ggtatctcag
ttcagccecga
acgacttatc
gcggtgctac
ttggtatctg
ccggcaaaca
gcagaaaaaa

gggacctgta
cgaaggatct
ccecgagaagt
gtaaactggg
ccgtatataa
acacagctga
ggccgccatce
actgcgtccg
ctcecettgga
caactctacg
gegcectacge
ccccagggcec
cgtcgatcceg
cgtegggcete
gaccacgcecyg
cgagttgagce
ccggcccaag
caagggtctg
geccegectte
caccgtcacc
gcccggtgcec
tattcttaac
tcatgctatt
gtctctttat
tgctgacgceca
tttegettte
ctggacaggg
gtcctttect
ctacgtcecct
geggectett
ctccecegect
ttttaaaaga
tttttgcttyg
aactagggaa
gtgccecgtcet
ggaaaatctc
agaaatgaat
aaagcaatag
gtttgtccaa
tccgcececcagt
ggccgaggcec
cctagacttt
aaattgttat

ctggggtgce
ccagtcecggga
cggtttgegt
tcggetgcgg
aggggataac
aaaggccgceyg
tcgacgctca
ccctggaagce
cgcetttete
ttcggtgtag
ccgetgegec
gccactggca
agagttcttg
cgctcectgetyg
aaccaccgct
aggatctcaa

ttctggectg
gcgatcgcectce
tggggggagyg
aaagtgatgt
gtgcagtagt
agcttegagg
cacgccggtt
ccgtctaggt
gcctacctag
tctttgttte
tagatgaccg
gtacgcaccc
gaccgccaca
gacatcggca
gagagcgtcg
ggttcccgge
gagcccgegt
ggcagcgecyg
ctggagacct
gccgacgteg
tgagtcgaca
tatgttgctc
gcttccecgta
gaggagttgt
acccceactyg
ccecteecta
gctcggetgt
tggctgctcg
tcggccectea
ccgegtette
ggtaccttta
aaagggggga
tactgggtct
cccactgcett
gttgtgtgac
tagcagtagt
atcagagagt
catcacaaat
actcatcaat
tccgceccecatt
gccteggect
tgcagagacg
ccgctcacaa
taatgagtga
aacctgtegt
attgggcgcect
cgagcggtat
gcaggaaaga
ttgctggcgt
agtcagaggt
tccectegtge
ccttecgggaa
gtcgttceget
ttatccggta
gcagccactg
aagtggtggc
aagccagtta
ggtagcggtg
gaagatcctt
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aatcagagac
cggtgecegt
ggtcggcaat
cgtgtactgg
cgccgtgaac
ggctcgcatc
gagtcgcgtt
aagtttaaag
actcagccgg
gttttctgtt
agtacaagcc
tcgecegecge
tcgagcgggt
aggtgtgggt
aagcgggggc
tggccgegcea
ggttcctggce
tcgtgcetcece
ccgegececyg
aggtgcccga
atcaacctct
cttttacgct
tggctttcat
ggcccgttgt
gttggggcat
ttgceccacgge
tgggcactga
cctgtgttge
atccagcgga
gecttegece
agaccaatga
ctggaagggc
ctctggttag
aagcctcaat
tctggtaact
agttcatgtc
gagaggaact
ttcacaaata
gtatcttatc
ctccgecccea
ctgagctatt
gcccaaattc
ttccacacaa
gctaactcac
gccagctgcea
cttcegette
cagctcactc
acatgtgagc
ttttccatag
ggcgaaaccc
gctctecctgt
gegtggegcet
ccaagctggyg
actatcgtct
gtaacaggat
ctaactacgg
ccttecggaaa
gtttttttgt
tgatcttttc
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gcatctgata
cagtgggcag
tgaacgggtg
ctccgecttt
gttctttttce
tctecttceac
ctgeccgecte
ctcaggtcga
ctctcecacgce
ctgcgeegtt
cacggtgcge
gttcgccgac
caccgagctg
cgcggacgac
ggtgttcgcec
gcaacagatg
caccgtcggce
cggagtggag
caacctcccec
aggaccgcgc
ggattacaaa
atgtggatac
tttctectee
caggcaacgt
tgccaccacc
ggaactcatc
caattccgtg
cacctggatt
ccttecttec
tcagacgagt
cttacaaggc
taattcactc
accagatctg
aaagcttgec
agagatccct
atcttattat
tgtttattge
aagcattttt
atgtctggcect
tggctgacta
ccagaagtag
gtaatcatgg
catacgagcc
attaattgeg
ttaatgaatc
ctcgctcact
aaaggcggta
aaaaggccag
gctcegeccece
gacaggacta
tccgacccetg
ttctcatage
ctgtgtgcac
tgagtccaac
tagcagagcg
ctacactaga
aagagttggt
ttgcaagcag
tacggggtct

agaattcgga
agcgcacatc
cctagagaag
ttcececgaggg
gcaacgggtt
gecgccegecy
ccgectgtgg
gaccgggcct
tttgcctgac
acagatccaa
ctegccaccece
taccccgeca
caagaactct
ggcgccgcegyg
gagatcggcec
gaaggcctcc
gtctcgecceg
gcggccgagce
ttctacgage
acctggtgca
atttgtgaaa
gctgetttaa
ttgtataaat
ggcgtggtgt
tgtcagcetcece
gcecgectgec
gtgttgtcgg
ctgcgcecggga
cgeggectge
cggatctccece
agctgtagat
ccaacgaaaa
agcctgggag
ttgagtgctt
cagacccttt
tcagtattta
agcttataat
ttcactgcat
ctagctatcc
atttttttta
tgaggaggct
tcatagctgt
ggaagcataa
ttgecgcectcac
ggccaacgcyg
gactcgctgce
atacggttat
caaaaggcca
cctgacgage
taaagatacc
ccgcecttaccg
tcacgctgta
gaaccccecyg
ccggtaagac
aggtatgtag
aggacagtat
agctcttgat
cagattacgc
gacgctcagt
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7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701
8761

ggaacgaaaa
agatcctttt
ggtctgacag
gttcatccat
catctggccce
cagcaataaa
cctecatcea
gtttgcgcaa
tggcttcatt
gcaaaaaagc
tgttatcact
gatgcttttc
gaccgagttg
taaaagtgct
tgttgagatc
ctttcaccag
taagggcgac
tttatcaggg
aaataggggt
ttatcatgac
tcggtgatga
tgtaagcgga
gtcggggcetg
ggtgtgaaat
tcaggctgeg
tggcgaaagg
cacgacgttg

ctcacgttaa
aaattaaaaa
ttaccaatge
agttgcctga
cagtgctgca
ccagccagcece
gtctattaat
cgttgttgcece
cagctccggt
ggttagctcc
catggttatg
tgtgactggt
ctcttgcecceg
catcattgga
cagttcgatg
cgtttctggg
acggaaatgt
ttattgtcte
tcegegeaca
attaacctat
cggtgaaaac
tgccgggage
gcttaactat
accgcacaga
caactgttgg
gggatgtgct
taaaacgacg

gggattttgg
tgaagtttta

ttaatcagtg
ctccecegteg
atgataccgc

ggaagggccyg
tgttgccggg
attgctacag
tcccaacgat
tteggtecte
gcagecactgce
gagtactcaa
gcgtcaatac
aaacgttctt
taacccactc
tgagcaaaaa
tgaatactca
atgagcggat
tttccececgaa
aaaaataggc
ctctgacaca
agacaagccc
gcggcatcag
tgcgtaagga
gaagggcgat
gcaaggcgat
gccagtgcca

p510_antiBCMA_CD3gamma (SEQ ID NO: 23)

1

61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961
1021
1081
1141
1201
1261
1321
1381
1441
1501
1561
1621
1681
1741
1801

acgcgtgtag
acatgcctta
cgatcgtgcce
attgccgeat
tctggttaga
agcctcaata
ctggtaacta
cccgaacagg
tgctgaageg
gactagcgga
aattagatcg
aaaacatata
agaaacatca
atcagaagaa
gatagagata
taagaccacc
acaattggag
cacccaccaa
ctttgttccet
tgacggtaca
gggctattga
aggcaagaat
gttgectcectgg
aatctctgga
ttacacaagc
acaagaatta
ttggctgtgg
agtttttget
tcagacccac
tggagagaga
aacttttaaa

tcttatgcaa
caaggagaga
ttattaggaa
tgcagagata
ccagatctga
aagcttgccect
gagatccctc
gacctgaaag
cgcacggcaa

ggctagaagg

cgatgggaaa
gtatgggcaa

gaaggctgta
cttagatcat
aaagacacca
gcacagcaag
aagtgaatta
ggcaaagaga
tgggttcttyg
ggccagacaa
ggcgcaacag
cctggetgtg
aaaactcatt
acagattgga
ttaatacact
ttggaattag
tatataaaat
gtactttcta
ctcccaaccc
gacagagaca
agaaaagggy

tactcttgta
aaaagcaccg
ggcaacagac
ttgtatttaa
gcectgggagce
tgagtgcttc
agaccctttt
cgaaagggaa
gaggcgagygyg
agagagatgg
aaattcggtt
gcagggagcet
gacaaatact
tatataatac
aggaagcttt
cggccactga
tataaatata
agagtggtgc
ggagcagcag
ttattgtctg
catctgttgce
gaaagatacc
tgcaccactg
atcacacgac
ccttaattga
ataaatgggc
tattcataat
tagtgaatag
cgaggggacce
gatccattcg

ggattggggg
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tcatgagatt
aatcaatcta
aggcacctat
tgtagataac
gagacccacyg
agcgcagaag
aagctagagt
gcatcgtggt
caaggcgagt
cgatcgttgt
ataattctct
ccaagtcatt
gggataatac

cggggcgaaa
gtgcacccaa

caggaaggca
tactcttcct
acatatttga
aagtgccacc
gtatcacgag
tgcagctccce
gtcagggcgce
agcagattgt
gaaaataccg
cggtgcgggce
taagttgggt

agctg

gtcttgcaac
tgcatgccga
gggtctgaca
gtgcctagcet
tctetggcta
aagtagtgtg
agtcagtgtg
accagagctc
gcggcegactg
gtgcgagagc
aaggccaggyg
agaacgattc
gggacagcta
agtagcaacc
agacaagata
tcttcagacce
aagtagtaaa
agagagaaaa
gaagcactat
gtatagtgca
aactcacagt
taaaggatca
ctgtgecttyg
ctggatggag
agaatcgcaa
aagtttgtgg
gatagtagga
agttaggcag
cgacaggccc
attagtgaac
gtacagtgca
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atcaaaaagg
aagtatatat
ctcagcgatc
tacgatacgg
ctcaccggct
tggtcctgea
aagtagttcg
gtcacgctcg
tacatgatcc
cagaagtaag
tactgtcatg
ctgagaatag
cgcgccacat
actctcaagg
ctgatcttca
aaatgccgceca
ttttcaatat
atgtatttag
tgacgtctaa
gccectttegt
ggagacggtc
gtcagcgggt
actgagagtg
catcaggcgc
ctcttegcta

aacgccaggg

atggtaacga
ttggtggaag
tggattggac
cgatacaata
actagggaac
tgccegtcetg
gaaaatctct
tctecgacgea
gtgagtacgc
gtcagtatta
ggaaagaaaa
gcagttaatc
caaccatccc
ctctattgtg
gaggaagagc
tggaggagga
aattgaacca
aagagcagtg
gggcgcagcec
gcagcagaac
ctggggcatc
acagctcctg
gaatgctagt
tgggacagag
aaccagcaag
aattggttta

ggcttggtag
ggatattcac

gaaggaatag
ggatctcgac

ggggaaagaa

atcttcacct
gagtaaactt
tgtctattte
gagggcttac
ccagatttat
actttatccyg
ccagttaata
tcgtttggta
cccatgttgt
ttggccgcag
ccatccecgtaa
tgtatgcggce
agcagaactt
atcttaccgc
gcatctttta
aaaaagggaa
tattgaagca
aaaaataaac
gaaaccatta
ctcgecgegtt
acagcttgtc
gttggcgggat
caccatatgc
cattcgccat
ttacgccage
ttttccececagt

tgagttagca
taaggtggta
gaaccactga
aacgggtctc
ccactgcetta
ttgtgtgact
agcagtggcg
ggactcggct
caaaaatttt
agcgggggag
aatataaatt
ctggccetgtt
ttcagacagyg
tgcatcaaag
aaaacaaaag
gatatgaggg
ttaggagtag
ggaataggag
tcaatgacgc
aatttgctga
aagcagctcc
gggatttggg
tggagtaata
aaattaacaa
aaaagaatga
acataacaaa
gtttaagaat
cattatcecgtt
aagaagaagg
ggtatcggtt
tagtagacat
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1861
1921
1981
2041
2101
216l
2221
2281
2341
2401
2461
2521
2581
2641
2701
2761
2821
2881
2941
3001
3061
3121
3181
3241
3301
3361
3421
3481
3541
3601
3661
3721
3781
3841
3901
3961
4021
4081
4141
4201
4261
4321
4381
4441
4501
4561
4621
4681
4741
4801
4861
4921
4981
5041
5101
516l
5221
5281
5341

aatagcaaca
atcgatacta
tctacgtatt
gtggatagcg
gtttgttttg
tgacgcaaat
tgaaccgtca
agagccgcca
gcattcctcc
ggcgcgagceyg
aactgggtgc
agcggcaaca
agcagcagca
ttttgcgcga
gtgaccgtga
gatattgtga
attagctgca
tatctgcaga
agcggegtgce
agccgcegtgg
tggacctttg
ggcggttetg
gtgtatgact
atcacatggt
aatctgggaa
aagtcaaaac
gccaccatat
gtctacttca
ctgttgceccca
caccttcaag
gatctgcgat
gaagttgggg

ctgggaaagt
tataagtgca

gctgaagctt
ccatccacgc
gtcecgecegtce
ttggagccta
ctacgtcttt
tacgctagat
gggccgtacg
atccggaccg
ggctcgacat
cgcecggagag
tgagcggtte
ccaaggagcc
gtctgggcag
ccttectgga
tcaccgeccga
gtgcctgagt
ttaactatgt
ctattgcectte
tttatgagga
acgcaacccc
ctttcecect
caggggctcg
tteccttgget
tccecttegge
ctcttccgeg

gacatacaaa
gtattatgcc
agtcatcget
gtttgactca
gcaccaaaat

gggcggtagg

gatcgecctgyg
ccatgcttct

tgatcccaca
tgaaagtgag
geccaggcgcece
gcgaatataa
ccgcgtatat
gcctgtatga
gcagcggcgy
tgacccagac
aaagcagcca
aaccgggcca
cggatcgcett
aagcggaaga
gccagggcac
gtggcggcegag
atcaagaaga
ttaaagatgg
gtaatgccaa
cactccaagt
ctggctttct
ttgctggaca
atgaccagcet
gaaaccagtt
cgctcececggtyg
ggaggggtcyg
gatgtcgtgt
gtagtcgecyg
cgaggggctce
cggttgagtc
taggtaagtt
cctagactca
gtttcgtttt
gaccgagtac
caccctegece
ccacatcgag
cggcaaggtg
cgtegaagceg
ccggcetggece
cgcegtggttce
cgccgtegtg
gaccteccgeg
cgtcgaggtg
cgacaatcaa
tgctcctttt
ccgtatgget
gttgtggcecce
cactggttgg
ccctattgece
gctgttgggce
gctegectgt
cctcaatcca
tcttecgectt

ctaaagaatt
cagtacatga
attaccatgg
cggggatttce
caacgggact
cgtgtacggt
agacgccatc
cctggtgaca
ggtgcagctg
ctgcaaagcg
gggccagggce
ccagaaattt
ggaactgagc
ttatgattgg
cggcggeage
cccecgctgagce
gagcctggtg
gagcceccgeag
tagcggcagce
tgtgggcgtg
caaactggaa
ttctctegag
tggttcggta
gaagatgatc
ggacccacga
gtattacaga
ctttgctgaa
ggatggagtt
ctaccagccc
gaggaggaat
cccgtcagtg
gcaattgaac
actggctceg
tgaacgttct
gcatctctcc
gcgttctgcece
taaagctcag
gccggctcete
ctgttctgcg
aagcccacgg
gccgegtteg
cgggtcaccg
tgggtcgcgg
ggggcggtgt
gcgcagcaac
ctggccaccg
ctccceggag
ccceccgceaacce
cccgaaggac
cctctggatt
acgctatgtg
ttcattttet
gttgtcaggc
ggcattgcca
acggcggaac
actgacaatt
gttgccacct
gcggaccttce
cgccctcaga
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acaaaaacaa
ccttatggga
tgatgcggtt
caagtctcca
ttccaaaatg
gggaggttta
cacgctgttt
agccttctge
gtgcagagcg
agcggctata
ctggaatgga
accggccgeg
agcctgcgcea
tattttgatg
ggcggcggcy
ctgagcgtga
catagcaacg
ctgetgattt
ggcagcggcy
tattattgcg
attaaaagcg
cagtcaatca
cttctgactt
ggcttcctaa
gggatgtatc
atgtgtcaga
atcgtcagca
cgccagtcga
ctcaaggatce
tgataagaat
ggcagagcgc
gggtgcctag
cctttttece
ttttcgecaac
ttcacgecgcc
gcctcecegece
gtcgagaccy
cacgctttge
ccgttacaga
tgcgcctecge
ccgactacce
agctgcaaga
acgacggcgc
tcgecgagat
agatggaagyg
tcggecgtctce
tggaggcggce
tccececttcta
cgcgcacctyg
acaaaatttg
gatacgctgc
cctecttgta
aacgtggcegt
ccacctgtca
tcatcgececge
ccgtggtgtt
ggattctgceg
cttcececgegg

cgagtcggat
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attacaaaat
ctttcctact
ttggcagtac
ccccattgac
tcgtaacaac
tataagcaga
tgacctccat
tctgtgagtt
gcgcggaagt
gctttcececgga
tgggctggat
tgaccatgac
gcgaagatac
tgtggggcca
gcagcggcgyg
cccegggcga
gcaacaccta
ataaagtgag
cggattttac
cggaaaccag
gtggcggegg
aaggaaacca
gtgatgcaga
ctgaagataa
agtgtaaagg
actgcattga
ttttcgtect
gagcttcaga
gagaagatga
tcggateccge
acatcgccca
agaaggtggc
gagggtgggg

gggtttgcecg
cgccgceccta

tgtggtgcct
ggcctttgte
ctgacccectge
tccaagctgt
cacccgcgac
cgcecacgcge
actcttcctce
cgcggtggeg
cggceccegcge
cctectggeg
gcccgaccac
cgagcgcgcece
cgagcggcte
gtgcatgacc
tgaaagattg
tttaatgcct
taaatcctgg
ggtgtgcact
gctcctttcecce
ctgccttgcecce
gtcggggaaa
cgggacgtcec
cctgectgecg
ctccectttgg

tcaaaatttt
tggcagtaca
atcaatgggc
gtcaatggga
tccgececcecat
gctegtttag
agaagattct
accacaccca
gaaaaaaccg
ttattatatt
ttattttgcg
ccgcecgatacce
cgcggtgtat
gggcaccatyg
cggcggceage
accggcgagc
tctgcattgg
caaccgettt
cctgaaaatt
ccatgtgccecg
ttectggtggce
cttggttaag
agccaaaaat
aaaaaaatgg
atcacagaac
actaaatgca
tgctgttggg
caagcagact
ccagtacage
ggccgcgaag
cagtccccga
gcggggtaaa
gagaaccgta
ccagaacaca
cctgaggcecg
cctgaactgce
cggegcetcecece
ttgctcaact
gaccggcgcec
gacgtcccca
cacaccgtcg
acgcgcgtceg
gtctggacca
atggccgagt
ccgeaceggce
cagggcaagdg

ggggtgcceg
ggcttecacceg

cgcaagceccg
actggtattc
ttgtatcatg
ttgetgtcte
gtgtttgcetyg
gggactttcg
cgctgectgga
tcatcgtcct
ttctgctacg
gctctgcggce
gcecgcectecce
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5401
5461
5521
5581
5641
5701
5761
5821
5881
5941
6001
6061
6121
6181
6241
6301
6361
6421
6481
6541
6601
6661
6721
6781
6841
6901
6961
7021
7081
7141
7201
7261
7321
7381
7441
7501
7561
7621
7681
7741
7801
7861
7921
7981
8041
8101
8161
8221
8281
8341
8401
8461
8521
8581
8641
8701

cgectggtac
aaagaaaagg
gcttgtactyg
gggaacccac
cgtctgttgt
atctctageca
tgaatatcag
aatagcatca
tccaaactca
ccagtteccge
aggccgcctce
acttttgcag
gttatccgct
gtgcctaatg
cgggaaacct
tgcgtattgg
tgcggcgagce
ataacgcagg
ccgegttget
gctcaagtca
gaagctccct
ttctceectte
tgtaggtcgt
gcgcecttatce
tggcagcagce
tcttgaagtg
tgctgaagcc
ccgctggtag
ctcaagaaga
gttaagggat
aaaaatgaag
aatgcttaat
cctgactccece
ctgcaatgat
cagccggaag
ttaattgttg
ttgccattge
ccggttecca
gctccttcecgg
ttatggcagc
ctggtgagta
gcceggegte
ttggaaaacg
cgatgtaacc
ctgggtgage
aatgttgaat
gtctcatgag
gcacatttcc
cctataaaaa
aaaacctctg
ggagcagaca
actatgcggc
acagatgcegt
gttgggaagg
gtgctgcaag
cgacggecag

ctttaagacc
ggggactgga
ggtctctetyg
tgcttaagcc
gtgactctgg
gtagtagttc
agagtgagag
caaatttcac
tcaatgtatc
ccattctecg
ggcctectgag
agacggccca
cacaattcca
agtgagctaa
gtcgtgccag
gcgctcttcec
ggtatcagct
aaagaacatg
ggcgttttte
gaggtggcga
cgtgcegcetct
gggaagcgtg
tcgctccaag
cggtaactat
cactggtaac
gtggcctaac
agttaccttc
cggtggtttt
tcectttgate
tttggtcatg
ttttaaatca
cagtgaggca
cgtegtgtag
accgcgagac
ggccgagcgce
ccgggaagct
tacaggcatc
acgatcaagg
tcctececgatce
actgcataat
ctcaaccaag
aatacgggat
ttcttecgggg
cactcgtgea
aaaaacagga
actcatactc
cggatacata
ccgaaaagtg
taggcgtatce
acacatgcag
agcccgtcag
atcagagcag
aaggagaaaa
gcgatcggtg
gcgattaagt

tgccaagcetg.

aatgacttac
agggctaatt
gttagaccag
tcaataaagc
taactagaga
atgtcatctt
gaacttgttt
aaataaagca
ttatcatgtc
cceccatgget
ctattccaga
aattcgtaat
cacaacatac
ctcacattaa
ctgcattaat
gcttcctege
cactcaaagg
tgagcaaaag
cataggctcece
aacccgacag
cctgttcega
gcgctttete
ctgggctgtg
cgtcttgagt
aggattagca
tacggctaca
ggaaaaagag
tttgtttgca
ttttctacgg
agattatcaa
atctaaagta
cctatctcag
ataactacga
ccacgctcac
agaagtggtc
agagtaagta
gtggtgtcac
cgagttacat
gttgtcagaa
tctcttactg
tcattctgag
aataccgcgce
cgaaaactct
cccaactgat
aggcaaaatg
ttcettttte
tttgaatgta
ccacctgacg
acgaggccct
ctccecggaga
ggcgcgtceag
attgtactga
taccgcatca
cgggcctcett

tgggtaacgc

119

aaggcagctg
cactcccaac
atctgagcecet
ttgcecttgag
tccctcagac
attattcagt
attgcagctt
tttttttcac
tggctctagce
gactaatttt
agtagtgagyg
catggtcata
gagccggaag
ttgegttgcg
gaatcggcca
tcactgactc
cggtaatacg
gccagcaaaa
gcccecectga
gactataaag
ccctgeegcet
atagctcacyg
tgcacgaacc
ccaacccggt
gagcgaggta
ctagaaggac
ttggtagctc
agcagcagat
ggtctgacgce
aaaggatctt
tatatgagta
cgatctgtct
tacgggaggg
cggctceccaga
ctgcaacttt
gttcgccagt
gctegtegtt
gatcccceat
gtaagttggc
tcatgccatc
aatagtgtat
cacatagcag
caaggatctt
cttcecagcecatce
ccgcaaaaaa
aatattattg
tttagaaaaa
tctaagaaac
ttcgtctege
cggtcacagc
cgggtgttgg
gagtgcacca
ggcgccattce
cgctattacg
cagggttttc
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tagatcttag
gaaaataaga
gggagctctc
tgcttcaagt
ccttttagtce
atttataact
ataatggtta
tgcattctag
tatccecgecce
ttttatttat
aggctttttt
gctgtttcect
cataaagtgt
ctcactgccece
acgcgcgggyg
gctgcgecteg
gttatccaca
ggccaggaac
cgagcatcac
ataccaggcg
taccggatac
ctgtaggtat
ccceccgtteag
aagacacgac
tgtaggcggt
agtatttggt
ttgatccggce
tacgcgcaga
tcagtggaac
cacctagatc
aacttggtct
atttcgttca
cttaccatct
tttatcagca
atccgcectcce
taatagtttg
tggtatggcet
gttgtgcaaa
cgcagtgtta
cgtaagatgc
gcggcgaccyg
aactttaaaa
accgctgttg
ttttacttte
gggaataagg
aagcatttat
taaacaaata
cattattatc
gcgttteggt
ttgtctgtaa
cgggtgtcgg
tatgcggtgt
gccattcagg
ccagctggcg
ccagtcacga

ccacttttta
tctgecttttt
tggctaacta
agtgtgtgcc
agtgtggaaa
tgcaaagaaa
caaataaagc
ttgtggtttg
ctaactccgce
gcagaggccyg
ggaggcctag
gtgtgaaatt
aaagcctggg
gctttecagt
agaggcggtt
gtcgttcecgge
gaatcagggg
cgtaaaaagg
aaaaatcgac
tttcececectg
ctgtccgect
ctcagttcgg
cccgaccgcet
ttatcgccac
gctacagagt
atctgegcetce
aaacaaacca
aaaaaaggat
gaaaactcac
cttttaaatt
gacagttacc
tccatagttg
ggccccagtyg
ataaaccagc
atccagtcta
cgcaacgttg
tcattcagcet
aaagcggtta
tcactcatgg
ttttctgtga
agttgctctt
gtgctcatca
agatccagtt
accagegttt
gcgacacgga
cagggttatt
ggggttccge
atgacattaa
gatgacggtg
gcggatgceceg
ggctggctta
gaaataccgc
ctgcecgcaact

aaagggggat
cgttgtaaaa
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Example 2: Antibody Sequences

Generation of Antibody Sequences

[0342] The human CD19 polypeptide canonical sequence is UniProt Accession No. P15391 (or
P15391-1). The human BCMA polypeptide canonical sequence is UniProt Accession No.
Q02223 (or Q02223-1). Provided are antibody polypeptides that are capable of specifically
binding to the human CD19 polypeptide or human BCMA polypeptide or human FAP
polypeptide or human BCMA polypeptide, and fragments or domains thereof. Anti-CD19, anti-
FAP, anti-CAIX and anti-BCMA antibodies can be generated using diverse technologies (see,
e.g., (Nicholson et al, 1997). Where murine anti-CD19, anti-FAP, anti-CAIX or anti-BCMA
antibodies are used as a starting material, humanization of murine anti-CD19, anti-FAP, anti-
CAIX or anti-BCMA antibodies is desired for the clinical setting, where the mouse-specific
residues may induce a human-anti-mouse antigen (HAMA) response in subjects who receive T-
cell receptor (TCR) fusion protein (TFP) treatment, i.e., treatment with T-cells transduced with
the TFP.CD19, TFP.FAP, TFP.CAIX, or TFP. BCMA construct. Humanization is accomplished
by grafting CDR regions from murine anti-CD19, anti-FAP, anti-CAIX or anti-BCMA antibody
onto appropriate human germline acceptor frameworks, optionally including other modifications
to CDR and/or framework regions. As provided herein, antibody and antibody fragment residue
numbering follows Kabat (Kabat E. A. et al, 1991; Chothia et al, 1987).

Generation of scFvs

[0343] Human or humanized anti-CD19, anti-FAP, anti-CAIX or anti-BMCA IgGs are used to
generate scFv sequences for TFP constructs. DNA sequences coding for human or humanized
Vi and Vg domains are obtained, and the codons for the constructs are, optionally, optimized for
expression in cells from Homo sapiens. The order in which the Vi and Vg domains appear in the
scFv is varied (i.e., VL.-Vy, or Vy-V| orientation), and three copies of the “G4S” or “G4S”
subunit (G4S); connect the variable domains to create the scFv domain. Anti-CD19, anti-FAP,
anti-CAIX and anti-BCMA scFv plasmid constructs can have optional Flag, His or other affinity
tags, and are electroporated into HEK293 or other suitable human or mammalian cell lines and
purified. Validation assays include binding analysis by FACS, kinetic analysis using Proteon,
and staining of CD19-expressing cells.

[0344] Exemplary anti-CD19 or anti-BMCA CDRs of Vi and Vi domains and the nucleotide
sequences encoding them, respectively, are shown below:

Anti-CD19

[0345] Anti-CD109 light chain CDR1

Coding Sequence: AGGGCAAGTCAGGACATTAGTAAA (SEQ ID NO: 24).

Amino acid sequence: RASQDISK (SEQ ID NO: 25).
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[0346] Anti-CD19 light chain CDR2
Coding Sequence: ATCTACCATACATCAAGATTA (SEQ ID NO: 26).
Amino acid sequence: IYHTSRL (SEQ ID NO: 27).
[0347] Anti-CD19 light chain CDR3
Coding Sequence: CAACAGGGTAATACGCTTCCGTACACG (SEQ ID NO: 28).
Amino acid sequence: QQGNTLPYT (SEQ ID NO: 29).
[0348] Anti-CD19 heavy chain CDR1
Coding Sequence: GGGGTCTCATTACCCGACTATGGTGTAAGC (SEQ ID NO: 30).
Amino acid sequence: GVSLPDYGVS (SEQ ID NO: 31).
[0349] Anti-CD19 heavy chain CDR2
Coding Sequence: GTAATATGGGGTAGTGAAACCACATACTATAATTCAGCTCTC (SEQ
ID NO: 32).
Amino acid sequence: VIWGSETTYYNSAL (SEQ ID NO: 33).
[0350] Anti-CD19 heavy chain CDR3
Coding Sequence: CATTATTACTACGGTGGTAGCTATGCTATGGACTAC (SEQ ID NO:
34).
Amino acid sequence: HYYYGGSYAMDY (SEQ ID NO: 35).
Anti-BCMA
[0351] Anti-BCMA light chain CDR1

Coding Sequence:
AAAAGCAGCCAGAGCCTGGTGCATAGCAACGGCAACACCTATCTGCAT (SEQ ID
NO: 36).

Amino acid sequence: KSSQSLVHSNGNTYLH (SEQ ID NO: 37).

[0352] Anti-BCMA light chain CDR2

Coding Sequence: AAAGTGAGCAACCGCTTTAGC (SEQ ID NO: 38).

Amino acid sequence: KVSNRFS (SEQ ID NO: 39).

[0353] Anti-BCMA light chain CDR3

Coding Sequence: GCGGAAACCAGCCATGTGCCGTGGACC (SEQ ID NO: 40)

Amino acid sequence: AETSHVPWT (SEQ ID NO: 41).

[0354] Anti-BCMA heavy chain CDR1

Coding Sequence: AAAGCGAGCGGCTATAGCTTTCCGGATTATTATATTAAC (SEQ ID
NO: 42).

Amino acid sequence: KASGYSFPDYYIN (SEQ ID NO: 43).

[0355] Anti-BCMA heavy chain CDR2
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Coding Sequence:
TGGATTTATTTTGCGAGCGGCAACAGCGAATATAACCAGAAATTTACCGGC (SEQ ID
NO: 44).

Amino acid sequence: WIYFASGNSEYNQKFTG (SEQ ID NO: 45).

[0356] Anti-BCMA heavy chain CDR3

Coding Sequence: CTGTATGATTATGATTGGTATTTTGATGTG (SEQ ID NO: 46).
Amino acid sequence: LYDYDWYFDV (SEQ ID NO: 47).

[0357] Anti-CD19 light chain variable region

Coding Sequence:
GACATCCAGATGACACAGACTACATCCTCCCTGTCTGCCTCTCTGGGAGACAGAGTC
ACCATCAGTTGCAGGGCAAGTCAGGACATTAGTAAATATTTAAATTGGTATCAGCA
GAAACCAGATGGAACTGTTAAACTCCTGATCTACCATACATCAAGATTACACTCAG
GAGTCCCATCAAGGTTCAGTGGCAGTGGGTCTGGAACAGATTATTCTCTCACCATTA
GCAACCTGGAGCAAGAAGATATTGCCACTTACTTTTGCCAACAGGGTAATACGCTT
CCGTACACGTTCGGAGGGGGGACTAAGTTGGAAATAACA (SEQ ID NO: 48).

Amino acid sequence:
DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPS
RFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEIT(SEQ ID NO: 49).
[0358] Anti-CD19 heavy chain variable region

Coding Sequence:
GAGGTGAAACTGCAGGAGTCAGGACCTGGCCTGGTGGCGCCCTCACAGAGCCTGTC
CGTCACATGCACTGTCTCAGGGGTCTCATTACCCGACTATGGTGTAAGCTGGATTCG
CCAGCCTCCACGAAAGGGTCTGGAGTGGCTGGGAGTAATATGGGGTAGTGAAACCA
CATACTATAATTCAGCTCTCAAATCCAGACTGACCATCATCAAGGACAACTCCAAG
AGCCAAGTTTTCTTAAAAATGAACAGTCTGCAAACTGATGACACAGCCATTTACTAC
TGTGCCAAACATTATTACTACGGTGGTAGCTATGCTATGGACTACTGGGGTCAAGG
AACCTCAGTCACCGTCTCCTCA (SEQ ID NO: 50).

Amino acid sequence:
EVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYY
NSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSV
TVSS (SEQ ID NO: 51).

[0359] Anti-BCMA light chain variable region

Coding Sequence:
GATATTGTGATGACCCAGACCCCGCTGAGCCTGAGCGTGACCCCGGGCGAACCGGC
GAGCATTAGCTGCAAAAGCAGCCAGAGCCTGGTGCATAGCAACGGCAACACCTATC
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TGCATTGGTATCTGCAGAAACCGGGCCAGAGCCCGCAGCTGCTGATTTATAAAGTG

AGCAACCGCTTTAGCGGCGTGCCGGATCGCTTTAGCGGCAGCGGCAGCGGCGCGGA
TTTTACCCTGAAAATTAGCCGCGTGGAAGCGGAAGATGTGGGCGTGTATTATTGCG
CGGAAACCAGCCATGTGCCGTGGACCTTTGGCCAGGGCACCAAACTGGAAATTAAA
AGC (SEQ ID NO: 52).

Amino acid sequence:
DIVMTQTPLSLSVTPGEPASISCKSSQSLVHSNGNTYLHWYLQKPGQSPQLLIYKVSNRF
SGVPDRFSGSGSGADFTLKISRVEAEDVGVYYCAETSHVPWTFGQGTKLEIKS(SEQ ID
NO: 53).

[0360] Anti-BCMA heavy chain variable region

Coding Sequence:
CAGGTGCAGCTGGTGCAGAGCGGCGCGGAAGTGAAAAAACCGGGCGCGAGCGTGA
AAGTGAGCTGCAAAGCGAGCGGCTATAGCTTTCCGGATTATTATATTAACTGGGTG
CGCCAGGCGCCGGGCCAGGGCCTGGAATGGATGGGCTGGATTTATTTTGCGAGCGG
CAACAGCGAATATAACCAGAAATTTACCGGCCGCGTGACCATGACCCGCGATACCA
GCAGCAGCACCGCGTATATGGAACTGAGCAGCCTGCGCAGCGAAGATACCGCGGTG
TATTTTTGCGCGAGCCTGTATGATTATGATTGGTATTTTGATGTGTGGGGCCAGGGC
ACCATGGTGACCGTGAGCAGC (SEQ ID NO: 54).

Amino acid sequence:
QVQLVQSGAEVKKPGASVKVSCKASGYSFPDYYINWVRQAPGQGLEWMGWIYFASGNSE
YNQKFTGRVTMTRDTSSSTAYMELSSLRSEDTAVYFCASLYDYDWYFDVWGQGTMVTVS
S (SEQ ID NO: 55).

Source of TCR Subunits

[0361] Subunits of the human T Cell Receptor (TCR) complex all contain an extracellular
domain, a transmembrane domain, and an intracellular domain. A human TCR complex contains
the CD3-epsilon polypeptide, the CD3-gamma polypeptide, the CD3-delta polypeptide, the
CD3-zeta polypeptide, the TCR alpha chain polypeptide and the TCR beta chain polypeptide.
The human CD3-epsilon polypeptide canonical sequence is Uniprot Accession No. P07766. The
human CD3-gamma polypeptide canonical sequence is Uniprot Accession No. P09693. The
human CD3-delta polypeptide canonical sequence is Uniprot Accession No. P043234. The
human CD3-zeta polypeptide canonical sequence is Uniprot Accession No. P20963. The human
TCR alpha chain canonical sequence is Uniprot Accession No. Q6ISU1. The human TCR beta
chain C region canonical sequence is Uniprot Accession No. P01850, a human TCR beta chain

V region sequence is P04435.
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[0362] The human CD3-epsilon polypeptide canonical sequence is:
MQSGTHWRVLGLCLLSVGVWGQDGNEEMGGITQTPYKVSISGTTVILTCPQYPGSEIL
WQHNDKNIGGDEDDKNIGSDEDHLSLKEFSELEQSGYYVCYPRGSKPEDANFYLYLRA
RVCENCMEMDVMSVATIVIVDICITGGLLLLVYYWSKNRKAKAKPVTRGAGAGGRQR
GQNKERPPPVPNPDYEPIRKGQRDLYSGLNQRRI (SEQ ID NO: 56).

[0363] The human CD3-gamma polypeptide canonical sequence is:
MEQGKGLAVLILAIILLQGTLAQSIKGNHLVKVYDYQEDGSVLLTCDAEAKNITWFKD
GKMIGFLTEDKKKWNLGSNAKDPRGMYQCKGSQNKSKPLQVYYRMCQNCIELNAATI
SGFLFAEIVSIFVLAVGVYFIAGQDGVRQSRASDKQTLLPNDQLYQPLKDREDDQY SHL
QGNQLRRN (SEQ ID NO: 57).

[0364] The human CD3-delta polypeptide canonical sequence is:
MEHSTFLSGLVLATLLSQVSPFKIPIEELEDRVFVNCNTSITWVEGTVGTLLSDITRLDLG
KRILDPRGIYRCNGTDIYKDKESTVQVHYRMCQSCVELDPATVAGIIVTDVIATLLLALG
VFCFAGHETGRLSGAADTQALLRNDQVYQPLRDRDDAQYSHLGGNWARNK (SEQ ID
NO: 58).

[0365] The human CD3-zeta polypeptide canonical sequence is:
MKWKALFTAAILQAQLPITEAQSFGLLDPKLCYLLDGILFIYGVILTALFLRVKFSRSAD
APAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPQEGLYNELQK
DKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR (SEQ ID NO:
59).

[0366] The human TCR alpha chain canonical sequence is:
MAGTWLLLLLALGCPALPTGVGGTPFPSLAPPIMLLVDGKQQMVVVCLVLDVAPPGLD
SPIWFSAGNGSALDAFTYGPSPATDGTWTNLAHLSLPSEELASWEPLVCHTGPGAEGHS
RSTQPMHLSGEASTARTCPQEPLRGTPGGALWLGVLRLLLFKLLLFDLLLTCSCLCDPA
GPLPSPATTTRLRALGSHRLHPATETGGREATSSPRPQPRDRRWGDTPPGRKPGSPVWG
EGSYLSSYPTCPAQAWCSRSALRAPSSSLGAFFAGDLPPPLQAGAA (SEQ ID NO: 60).
[0367] The human TCR alpha chain C region canonical sequence is:
PNIQNPDPAVYQLRDSKSSDKSVCLFTDFDSQTNVSQSKDSDVYITDKTVLDMRSMDFK
SNSAVAWSNKSDFACANAFNNSIIPEDTFFPSPESSCDVKLVEKSFETDTNLNFQNLSVIG
FRILLLKVAGFNLLMTLRLWSS (SEQ ID NO: 61).

[0368] The human TCR alpha chain V region CTL-L17 canonical sequence is:
MAMLLGASVLILWLQPDW VNSQQKNDDQQVKQNSPSLSVQEGRISILNCDYTNSMFD
YFLWYKKYPAEGPTFLISISSIKDKNEDGRFTVFLNKSAKHLSLHIVPSQPGDSAVYFCA
AKGAGTASKLTFGTGTRLQVTL (SEQ ID NO: 62).
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[0369] The human TCR beta chain C region canonical sequence is:
EDLNKVFPPEVAVFEPSEAEISHTQKATLVCLATGFFPDHVELSWWVNGKEVHSGVSTD
PQPLKEQPALNDSRYCLSSRLRVSATFWQNPRNHFRCQVQFYGLSENDEWTQDRAKPV
TQIVSAEAWGRADCGFTSVSYQQGVLSATILYEILLGKATLYAVLVSALVLMAMVKRK
DF (SEQ ID NO: 63).

[0370] The human TCR beta chain V region CTL-L17 canonical sequence is:
MGTSLLCWMALCLLGADHADTGVSQNPRHNITKRGOQNVTFRCDPISEHNRLYWYRQT
LGQGPEFLTYFQNEAQLEKSRLLSDRFSAERPKGSFSTLEIQRTEQGDSAMYLCASSLAG
LNQPQHFGDGTRLSIL (SEQ ID NO: 64).

[0371] The human TCR beta chain V region YT35 canonical sequence is:
MDSWTFCCVSLCILVAKHTDAGVIQSPRHEVTEMGQEVTLRCKPISGHNSLFWYRQTM
MRGLELLIYFNNNVPIDDSGMPEDRFSAKMPNASFSTLKIQPSEPRDSAVYFCASSFSTCS
ANYGYTFGSGTRLTVYV (SEQ ID NO: 65).

[0372] An exemplary anti-BCMA heavy chain sequence is:

Generation of TFPs from TCR Domains and scFvs

[0373] The CD19 or BCMA scFvs are recombinantly linked to CD3-epsilon or other TCR
subunits (see 1C) using a linker sequence, such as G4S, (G4S); (G4S); or (G4S)s. Various linkers
and scFv configurations are utilized. TCR alpha and TCR beta chains were used for generation
of TFPs either as full length polypeptides or only their constant domains. Any variable sequence
of TCR alpha and TCR beta chains is allowed for making TFPs.

TFP Expression Vectors

[0374] Expression vectors are provided that include: a promoter (Cytomegalovirus (CMV)
enhancer-promoter), a signal sequence to enable secretion, a polyadenylation signal and
transcription terminator (Bovine Growth Hormone (BGH) gene), an element allowing episomal
replication and replication in prokaryotes (e.g., SV40 origin and ColE1 or others known in the
art) and elements to allow selection (ampicillin resistance gene and zeocin marker).

[0375] Preferably, the TFP-encoding nucleic acid construct is cloned into a lentiviral expression
vector and expression validated based on the quantity and quality of the effector T-cell response
of TFP.CD19-transduced T-cells ( “CD19.TFP” or “CD19.TFP T-cells” or “TFP.CD19” or
“TFP.CD19 T-cells”) in response to CD19+ target cells, TFP.FAP-transduced T-cells (
“FAP.TFP” or “FAP.TFP T-cells” or “TFP.FAP” or “TFP.FAP T-cells”) in response to FAP+
target cells, TFP.CAIX-transduced T-cells ( “CAIX.TFP” or “CAIX.TFP T-cells” or
“TFP.CAIX” or “TFP.CAIX T-cells”) in response to CAIX+ target cells, or TFP. BCMA-
transduced T-cells (“BCMA.TFP” or “BCMA.TFP T-cells” or “TFP.BCMA” or “TFP. BCMA

T-cells”) in response to BCMA + target cells. Effector T-cell responses include, but are not
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limited to, cellular expansion, proliferation, doubling, cytokine production and target cell lysis
or cytolytic activity (i.e., degranulation).

[0376] The TFP.CD19, TFP.FAP, TFP.CAIX or TFP. BCMA lentiviral transfer vectors are used
to produce the genomic material packaged into the VSVg pseudotyped lentiviral particles.
Lentiviral transfer vector DNA is mixed with the three packaging components of VSVg, gag/pol
and rev in combination with Lipofectamine reagent to transfect them together into 293 cells.
After 24 and 48 hours, the media is collected, filtered and concentrated by ultracentrifugation.
The resulting viral preparation is stored at -80C. The number of transducing units is determined
by titration on SupT1 cells. Redirected TFP.CD19, TFP FAP, TFP.CAIX or TFP. BCMA T-cells
are produced by activating fresh naive T-cells with anti-CD3x anti-CD28 beads for 24 hrs and
then adding the appropriate number of transducing units to obtain the desired percentage of
transduced T-cells. These modified T-cells are allowed to expand until they become rested and
come down in size at which point they are cryopreserved for later analysis. The cell numbers
and sizes are measured using a coulter multisizer III. Before cryopreserving, percentage of cells
transduced (expressing the TFP.CD19, TFP FAP, TFP.CAIX or TFP.BCMA on the cell surface)
and their relative fluorescence intensity of that expression are determined by flow cytometric
analysis. From the histogram plots, the relative expression levels of the TFPs are examined by
comparing percentage transduced with their relative fluorescent intensity.

[0377] In some embodiments multiple TFPs are introduced by T-cell transduction with multiple
viral vectors.

Evaluating Cytolytic Activity, Proliferation Capabilities and Cytokine Secretion of Humanized
TFP Redirected T Cells

[0378] The functional abilities of TFP.CD19, TFP.FAP, TFP.CAIX or TFP. BCMA T-cells to
produce cell-surface expressed TFPs, and to kill target tumor cells, proliferate and secrete
cytokines are determined using assays known in the art.

[0379] Human PBMCs (e.g., blood from a normal apheresed donor whose naive T-cells are
obtained by negative selection for T-cells, CD4+ and CD8+ lymphocytes) are treated with
human interleukin-2 (IL-2) then activated with anti-CD3x anti-CD28 beads, e.g., in 10% RPMI
at 37 °C, 5% CO prior to transduction with the TFP-encoding lentiviral vectors. Flow
cytometry assays are utilized to confirm cell surface presence of a TFP, such as by an anti-
FLAG antibody or an anti-murine variable domain antibody. Cytokine (e.g., IFN-y) production
is measured using ELISA or other assays.

Example 3: Human TFP T-cell Efficacy in a Human ALL Mouse Model

[0380] Primary human ALL cells can be grown in immune compromised mice (e.g., NSG or

NOD) without having to culture them in vitro. Likewise, cultured human ALL cell lines can
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induce leukemia in such mice. ALL-bearing mice can be used to test the efficacy of human
TFP.CD19, TFP.FAP, TFP.CAIX or TFP.BCMA T-cells, for instance, in the model
HALLX5447. The readout in this model is the survival of mice after intravenous (i.v.) infusion
of ALL cells in the absence and presence of i.v. administered human TFP.CD19, TFP.FAP,
TFP.CAIX or TFP.BCMA T-cells.

Example 4: Human TFP T-cell Treatment in an In Vivo Solid Tumor Xenograft Mouse
Model

[0381] The efficacy of human TFP.CD19 or TFP.BCMA T-cells can also be tested in immune

compromised mouse models bearing subcutaneous solid tumors derived from human CD19- or
BCMA-expressing ALL, CLL or NHL human cell lines. Tumor shrinkage in response to human
TFP.CD19, TFP.FAP, TFP.CAIX or TFP.BCMA T-cell treatment can be either assessed by
caliper measurement of tumor size, or by following the intensity of a GFP fluorescence signal
emitted by GFP-expressing tumor cells.

[0382] Primary human solid tumor cells can be grown in immune compromised mice without
having to culture them in vitro. Exemplary solid cancer cells include solid tumor cell lines, such
as provided in The Cancer Genome Atlas (TCGA) and/or the Broad Cancer Cell Line
Encyclopedia (CCLE, see Barretina et al., Nature 483:603 (2012)). Exemplary solid cancer cells
include primary tumor cells isolated from renal cell carcinoma, breast cancer, lung cancer,
ovarian cancer, prostate cancer, colon cancer, cervical cancer, brain cancer, liver cancer,
pancreatic cancer, kidney or stomach cancer. These mice can be used to test the efficacy of
TFP.CD19, TFP.FAP, TFP.CAIX or TFP.BCMA T-cells in the human tumor xenograft models
(see, e.g., Morton et al., Nat. Procol. 2:247 (2007)). Following an implant or injection of 1x10°-
1x10” primary cells (collagenase-treated bulk tumor suspensions in EC matrix material) or
tumor fragments (primary tumor fragments in EC matrix material) subcutaneously, tumors are
allowed to grow to 200-500 mm? prior to initiation of treatment.

Example S: Demonstration of Multiplexed TFP polypeptides, and use of multiplexed
humanized TFP Redirected T Cells

[0383] The TFP polypeptides provided herein are capable of functionally associating with
endogenous TCR subunit polypeptides to form functional TCR complexes. Here, multiple TFPs
in lentiviral vectors are used to transduce T-cells in order to create a functional, multiplexed
recombinant TCR complex. For example, provided is T-cell containing 1) a first TFP having an
extracellular domain, a transmembrane domain, and an intracellular domain from the CD3-dselta
polypeptide and an CD19-, FAP-, CAIX-, or BCMA-specific scFv antibody fragment, and 11) a
second TFP having an extracellular domain, a transmembrane domain, and an intracellular

domain from the CD3-gamma polypeptide and a CD19-, FAP-, CAIX-, or BCMA-specific
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antibody fragment. The first TFP and second TFP are capable of interacting with each other and

with endogenous TCR subunit polypeptides, thereby forming a functional TCR complex.
[0384] The use of these multiplexed humanized TFP.CD19, TFP FAP, TFP.CAIX or
TFP.BCMA T-cells is demonstrated in liquid and solid tumors as provided in Examples 2 and 3
above.

Example 6: Preparation of T-cells transduced with TFPs

Lentiviral production

[0385] Lentivirus encoding the appropriate constructs were prepared as follows. 5x10°
HEK293FT-cells were seeded into a 100 mm dish and allowed to reach 70-90% confluency
overnight. 2.5 pg of the indicated DNA plasmids and 20 uL. Lentivirus Packaging Mix
(ALSTEM, cat# VP100, see Appendix B3) were diluted in 0.5 mL DMEM or Opti-MEM 1
Medium without serum and mixed gently. In a separate tube, 30 puLL of NanoFect transfection
reagent (ALSTEM, cat.no. NF100) was diluted in 0.5 mL DMEM or Opti-MEM I Medium
without serum and mixed gently. The NanoFect/DMEM and DNA/DMEM solutions were then
mixed together and votrexed for 10-15 seconds prior to incubation of the DMEM-plasmid-
NanoFect mixture at room temperature for 15 minutes. The complete transfection complex from
the previous step was added dropwise to the plate of cells and rocked to disperse the transfection
complex evenly in the plate. The plate was then incubated overnight at 37 °C in a humidified 5%
CO; incubator. The following day, the supernatant was replaced with 10 mL fresh media and
supplemented with 20 pL of ViralBoost (500x, ALSTEM, cat.no. VB100). The plates were then
incubated at 37 °C for an additional 24 hours. The lentivirus containing supernatant was then
collected into a 50 mL sterile, capped conical centrifuge tube and put on ice. After centrifugation
at 3000 rpm for 15 minutes at 4 °C, the cleared supernatant was filtered with a low-protein
binding 0.45 um sterile filter and virus was subsequently isolated by ultracentrifugation at
25,000 rpm (Beckmann, L8-70M) for 1.5 hours, at 4 °C. The pellet was removed and re-
suspended in DMEM media and Lentivirus concentrations/titers were established by quantitative
RT-PCR, using the Lenti-X qRT-PCR Titration kit (Clontech; catalog number 631235). Any
residual plasmid DNA was removed by treatment with DNasel. The virus stock preparation was
either used for infection immediately or aliquoted and stored at -80 °C for future use.

[0386] Similar experiments can be carried out with FAP. TFP and CAIX . TFP constructs.

PBMC isolation

[0387] Peripheral Blood Mononuclear Cells (PBMCs) were prepared from either whole blood or
buffy coat. Whole blood was collected in 10 mL Heparin vacutainers and either processed
immediately or stored overnight at 4 °C. Approximately 10 mL of whole anti-coagulated blood

was mixed with sterile phosphate buffered saline (PBS) buffer for a total volume of 20 mL in a
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50 mL conical centrifuge tube (PBS, pH 7.4, without Ca®"/Mg”"). 20 mL of this blood/PBS
mixture was then gently overlayed onto the surface of 15 mL of Ficoll-Paque PLUS (GE
Healthcare, 17-1440-03) prior to centrifugation at 400g for 30-40 min at room temperature with
no brake application.
[0388] Buffy coat was purchased from Research Blood Components (Boston, MA). Leucosep
tubes (Greiner bio-one) were prepared by adding 15 mL Ficoll-Paque (GE Health Care) and
centrifuged at 1000g for 1 minute. Buffy coat was diluted 1:3 in PBS (pH 7.4, without Ca®" or
Mg”"). The diluted buffy coat was transferred to Leucosep tube and centrifuged at 1000g for 15
minutes with no brake application. The layer of cells containing peripheral blood mononuclear
cells (PBMC), seen at the diluted plasma/Ficoll interface, was removed carefully to minimize
contamination by Ficoll. Residual Ficoll, platelets, and plasma proteins were then removed by
washing the PBMCs three times with 40 mL of PBS by centrifugation at 200g for 10 minutes at
room temperature. The cells were then counted with a hemocytometer. The washed PBMC were
washed once with CAR-T media (AIM V-AlbuMAX (BSA) (Life Technologies), with 5% AB
serum and 1.25 ug/mL amphotericin B (Gemini Bioproducts, Woodland, CA), 100 U/mL
penicillin, and 100 pg/mL streptomycin). Alternatively, the washed PBMC’s were transferred to
insulated vials and frozen at -80 °C for 24 hours before storing in liquid nitrogen for later use.
[0389] Similar experiments can be carried out with FAP. TFP and CAIX . TFP constructs.
T-cell activation
[0390] Peripheral Blood Mononuclear Cells (PBMCs) prepared from either whole blood or
buffy coat were stimulated with anti-human CD28 and CD3 antibody-conjugated magnetic
beads for 24 hours prior to viral transduction. Freshly isolated PBMC were washed once in
CAR-T media (AIM V-AlbuMAX(BSA)(Life Technologies), with 5% AB serum and 1.25
ng/mL amphotericin B (Gemini Bioproducts), 100 U/mL penicillin, and 100 pg/mL
streptomycin) without huIL-2, before being re-suspended at a final concentration of 1x10°
cells/mL in CAR-T medium with 300 [U/mL human IL-2 (from a 1000x stock; Invitrogen). If
the PBMCs had previously been frozen they were thawed and re-suspended at 1x10” cells/mL in
9 mL of pre-warmed (37 °C) cDMEM media (Life Technologies), in the presence of 10% FBS,
100 U/mL penicillin, and 100 pg/mL streptomycin, at a concentration of 1x10° cells/mL prior to
washing once in CART medium, re-suspension at 1x10° cells/mL in CAR-T medium, and
addition of IL-2 as described above.
[0391] Prior to activation, anti-human CD28 and CD3 antibody-conjugated magnetic beads
(Invitrogen) were washed three times with 1 mL of sterile 1x PBS (pH7.4), using a magnetic
rack to isolate beads from the solution, before re-suspension in CAR-T medium, with 300

[U/mL human IL-2, to a final concentration of 4x10” beads/mL. PBMC and beads were then
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mixed at a 1:1 bead-to-cell ratio, by transferring 25 uL (1x10° beads) of beads to 1 mL of

PBMC. The desired number of aliquots were then dispensed to single wells of a 12-well low-
attachment, or non-treated cell culture plate, and incubated at 37 °C, with 5% CO,, for 24 hours
before viral transduction.

[0392] Similar experiments can be carried out with FAP. TFP and CAIX TFP constructs.

T-cell transduction/transfection and expansion

[0393] Following activation of PBMC cells were incubated for 24 hours at 37 °C, 5% CO,.
Lentivirus was thawed on ice and 5x10° lentivirus, along with 2 uL of Transplus (Alstem) per
mL of media (a final dilution of 1:500) was added to each well of 1x10° cells. Cells were
incubated for an additional 24 hours before repeating addition of virus. Alternatively, lentivirus
was thawed on ice and the respective virus was added at 5 or 50 MOI in presence of 5 pg/mL
Polybrene (Sigma). Cells were spinoculated at 100g for 100 minutes at room temperature. Cells
were then grown in the continued presence of 300 [U/mL of human IL-2 for a period of 6-14
days (total incubation time is dependent on the final number of CAR-T-cells required). Cell
concentrations were analyzed every 2-3 days, with media being added at that time to maintain
the cell suspension at 1x10° cells/mL.

[0394] In some instances, activated PBMCs were electroporated with in vitro transcribed (IVT)
mRNA (FIG. 14). Human PBMCs were stimulated with Dyna beads (ThermoFisher) at 1-to-1
ratio for 3 days in the presence of 300 IU/ml recombinant human IL-2 (R&D System). The
beads were removed before electroporation. The cells were washed and re-suspended in OPTI-
MEM medium (ThermoFisher) at the concentration of 2.5x10 cells/ mL. 200 uL of the cell
suspension (5x10° cells) were transferred to the 2 mm gap Electroporation Cuvettes Plus™
(Harvard Apparatus BTX) and prechilled on ice. 10 pg of IVT TFP mRNA was added to the cell
suspension. The mRNA/cell mixture was then electroporated at 200 V for 20 milliseconds using
ECMB830 Electro Square Wave Porator (Harvard Apparatus BTX). Immediately after the
electroporation, the cells were transferred to fresh cell culture medium (AIM V AlbuMAX (BSA)
serum free medium + 5% human AB serum + 300 [U/ml IL-2) and incubated at 37 °C.

[0395] Similar experiments can be carried out with FAP. TFP and CAIX . TFP constructs.
Verification of TFP expression by cell staining

[0396] Following lentiviral transduction or mRNA electroporation, expression of anti-CD19,
anti-FAP, anti-CAIX and anti-BCMA CARs and TFPs was confirmed by flow cytometry, using
an anti-mouse Fab antibody to detect the murine anti-CD19, anti-FAP, anti-CAIX or anti-
BCMA scFv. T-cells were washed three times in 3 mL staining buffer (PBS, 4% BSA) and re-
suspended in PBS at 1x10° cells per well. For dead cell exclusion, cells were incubated with

Live dead aqua (Invitrogen) for 30 minutes on ice. Cells were washed twice with PBS and re-
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suspended in 50 uL staining buffer. To block Fc receptors, 1 uL of 1:100 diluted normal goat
1gG (LifeTechnologies) was added to each tube and incubated in ice for 10 minutes. 1.0 mL
FACS buffer was added to each tube, mixed well, and cells were pelleted by centrifugation at
300g for 5 min. Surface expression of scFv TFPs was detected by biotin-labeled polyclonal goat
anti-mouse-F(ab), antibodies (Life Technologies) with biotin-labeled normal polyclonal goat
IgG antibodies (Life Technologies) serving as an isotype control. Both antibodies were added at
10 pg/mL in a reaction volume of 100 pL. Cells were then incubated at 4 °C for 45 minutes,
washed once, re-suspended in FACS buffer, and blocked with normal mouse IgG (Invitrogen)
by adding 100 uL 1:1000 diluted normal mouse 1gG to each tube. The cells were then incubated
on ice for 10 minutes, washed with stain buffer and re-suspended in 100 pL stain buffer. The
cells were then stained by the addition of 1.0 pL phycoerythrin (PE)-labeled streptavidin (BD
Biosciences) and APC anti-human CD3 antibody (Clone-UCHT1, BD Biosciences),
PerCP/CyS5.5 anti-human CDS8 antibody (Clone-SK 1, BD Biosciences) and Pacific Blue anti-
human CD4 antibody (Clone-RPA-T4, BD Biosciences) were added to each tube. Flow
cytometry was performed using LSRFortessa'™ X20 (BD Biosciences) and data was acquired
using FACS diva software and was analyzed with FlowJo (Treestar, Inc. Ashland, OR). Between
20% and 40% of the transduced T-cells expressed anti-CD19 CAR, anti-CD19 LL TFP, anti-
CD19 SL TFP or anti-BCMA TFP, indicating comparable levels of transduction and surface
expression of CAR and TFP constructs (FIGs. 5-7).

[0397] Similar experiments can be carried out with FAP. TFP and CAIX TFP constructs.

Example 7: Cvtotoxicity assay by Flow Cvtometry

[0398] Target cells that were either positive or negative for the respective CD19, FAP, CAIX or
BCMA targets, were labelled with the fluorescent dye, carboxyfluorescein diacetate
succinimidyl ester (CFSE). These target cells were mixed with effector T-cells that were either
un-transduced, transduced with control CAR-T constructs, or transduced with TFPs. After the
indicated incubation period, the percentage of dead to live CFSE-labeled target cells and
negative control target cells was determined for each effector/target cell culture by flow
cytometry. The percent survival of target cells in each T-cell + target cell culture was calculated
relative to wells containing target cells alone.

[0399] The cytotoxic activity of effector T-cells was measured by comparing the number of
surviving target cells in target cells without or with effector T-cells, following co-incubation of
effector and target cells, using flow cytometry. In experiments with CD19 TFPs or CAR-T-cells,
the target cells were CD19-positive Raji Burkitt lymphoma cells (ATCC, CCL-86), while cells
used as a negative control were CD19-negative K562 cells (ATCC, CCL-243). In experiments
with BCMA TFP T-cells, the target cells were BCMA-positive RPMI-8226
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plasmacytoma/myeloma cells (ATCC, CCL-155), while cells used as a negative control were
BCMA -negative Raji Burkitt’s lymphoma cells (ATCC, CCL-86).

[0400] Target cells were washed once, and re-suspended in PBS at 1x10° cells/mL. The
fluorescent dye carboxyfluorescein diacetate succinimidyl ester (CFSE) (ThermoFisher) was
added to the cell suspension at a concentration of 0.03 uM and the cells were incubated for 20
minutes at room temperature. The labeling reaction was stopped, by adding to the cell
suspension with complete cell culture medium (RPMI-1640 + 10% HI-FBS) at the volume 5
times of the reaction volume, and the cells were incubated for an additional 2 minutes at room
temperature. The cells were pelleted by centrifugation and re-suspended in cytotoxicity medium
(Phenol red-free RPMI1640 (Invitrogen) plus 5% AB serum (Gemini Bioproducts) at 2x10°
cells/mL. Fifty microliters of CFSE labelled-target cell suspension (equivalent to 10,000 cells)
were added to each well of the 96-well U-bottom plate (Corning).

[0401] Eftfector T-cells transduced with BCMA TFP constructs, together with non-transduced T-
cells as negative controls, were washed and suspended at 2x10° cells/mL, or 1x10° cells/mL in
cytotoxicity medium. 50 pL of effector T-cell suspensions (equivalent to 100,000 or 50,000
cells) were added to the plated target cells to reach the effector-to-target ratio of 10-to-1 or 5-to-
1, respectively, in a total volume of 100 pL. The cultures were then mixed, spin down, and
incubated for 4 hours at 37 °C, 5% CO,. Immediately following this incubation, 7AAD (7-
aminoactinomycin D) (BioLegend) was added to the cultured cells as recommended by the
manufacturer, and flow cytometry was performed with a BD Fortessa X-20 (BD Biosciences).
Analysis of flow cytometric data was performed using FlowJo software (TreeStar, Inc.).

[0402] The percentage of survival for RPMI-8226 target cells was calculated by dividing the
number of alive RPMI-8226 target cells (CFSE+7-AAD-) in sample with effector T-cells and
target cells, by the number of alive RPMI-8226 (CFSE+7-AAD-) cells in the sample with target
cells alone. The Cytotoxicity for effector cells was calculated as the percentage of killing for
RPMI-8226 = 100% - percentage of survival for RPMI-8226 cells.

[0403] As previously described, T-cells transduced with an anti-CD19 28 CAR construct
demonstrated cytotoxicity against CD19-expressing Raji B cells, when compared to T-cells that
were either non-transduced or were transduced with a non-CD19-specific CAR control (FIG. 8).
However, T-cells transduced with anti-CD19-CD3¢ induced more efficient cytotoxicity against
the Raji targets than the anti-CD19 CAR control at all effector:target ratios tested. Anti-CD19-
CD3y TFPs also mediated robust cytotoxicity that was greater than that observed with anti-
CD19-CAR at effector:target ratios between 5 and 10:1 (FIG. 8). Some cytotoxicity was
observed with anti-CD19-TCRa and anti-CD19-TCRJ3 TFPs. Similar results were obtained with

anti-CD19 TFPs constructed with an alternative hinge region. Once again, cytotoxicity against

132



WO 2016/187349 PCT/US2016/033146
CD19-expressing Raji target cells was greater with anti-CD19-CD3¢ or anti-CD19-CD3y TFP-
transduced T-cells than with anti-CD19-CAR-transduced T-cells.

[0404] T-cells electroporated with mRNA encoding TFPs specific for CD-19 also demonstrated
robust cytotoxicity against CD19-expressing Raji cells While no significant killing of the CD19-
negative K562 cells was seen with either control or anti-CD19 TRuC constructs, CD19-specific
killing of Raji was observed by T cells transduced with either anti-CD19-CD3¢ SL, or anti-
CD19-CD3y SL TRuCs (FIG. 14).

[0405] T-cells transduced with TFPs specific for B-cell maturation antigen (BCMA) also
demonstrated robust cytotoxicity against BCMA-expressing RPMI8226 cells. T-cells transduced
with anti-BCMA-CD3¢ or anti-BCMA-CD3y TFPs efficiently mediated cytotoxicity against the
BCMA -expressing RPMI8226 target cells. At 10:1 ratio of effectors to target cells, almost 100%
of the target cells were killed (FIG. 9).

[0406] Similar experiments can be carried out with FAP. TFP and CAIX . TFP constructs.

Example 8: Cvtotoxicity by Real Time Cvtotoxicity Assay

[0407] Anti-CD19 and anti-BCMA TFPs also demonstrated superior cytotoxicity to anti-CD19
CARs in the real-time cytotoxicity assay (RTCA) format. The RTCA assay measures the
electrical impedance of an adherent target cell monolayer, in each well of a specialized 96-well
plate, in real time and presents the final readout as a value called the cell index. Changes in cell
index indicate disruption of the target cell monolayer as a result of killing of target cells by co-
incubated T-cell effectors. Thus the cytotoxicity of the effector T-cells can be evaluated as the
change in cell index of wells with both target cells and effector T-cells compared to that of wells
with target cells alone.

[0408] Target cells for RTCA were HeLa cells expressing either CD19 (CD19-HeLa) or BCMA
(BCMA-HeLa) with parental, non-transduced, HeLa cells as negative controls. The DNA
encoding full-length human CD19 or BCMA was synthesized by GeneArt (ThermoFisher) and
inserted into the multiple cloning site of dual-promoter lentiviral vector pCDHS514B (System
Bioscience) carrying neomycin as selection marker, under the control of EFla promoter.
Lentivirus carrying either the CD19 or BCMA encoding vector was then packaged. HeLa cells
were transduced with either CD19- or BCMA-lentivirus for 24 hours and then selected with
G418 (1 mg/mL). The expression of CD19 or BCMA by the transduced CD19-Hela or BCMA-
HeLa was confirmed by FACS analysis with anti-human CD19 or BCMA antibodies
(BioLegend, clone# 19A2; Miltenyi, clone# REA315).

[0409] Adherent target cells were cultured in DMEM, 10% FBS, 1% Antibiotic-Antimycotic
(Life Technologies). To prepare the RTCA, 50 uL. of RPMI medium was added into the
appropriate wells of an E-plate (ACEA Biosciences, Inc, Catalog#: JL-10-156010-1A). The
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plate was then placed into a RTCA MP instrument (ACEA Biosciences, Inc.) and the
appropriate plate layout and assay schedule entered into the RTCA 2.0 software as described in
the manufacturers manual. Baseline measurement was performed every 15 minutes for 100
measurements. 1x10" target cells in a 100 pL volume were then added to each assay well and the
cells were allowed to settle for 15 minutes. The plate was returned to the reader and readings
were resumed.

[0410] The next day, effector T-cells were washed and re-suspended in cytotoxicity media
(Phenol red-free RPMI1640 (Invitrogen) plus 5% AB serum (Gemini Bioproducts; 100-318)).
The plate was then removed from the instrument and the eftector T-cells, suspended in
cytotoxicity medium (Phenol red-free RPMI1640 + 5% AB serum), were added to each well at
100,000 cells or 50,000 cells to reach the effector-to-target ratio of 10-to-1 or 5-to-1,
respectively. The plate was then placed back to the instrument. The measurement was carried
out for every 2 minutes for 100 measurements, and then every 15 minutes for 1000
measurements.

[0411] In the RTCA assay, killing of CD19-transduced HeL.a was observed by T-cells
transduced with anti-CD19-28{ CAR-transduced T-cells, as demonstrated by a time-dependent
decrease in the cell index following addition of the effector cells relative to HeLa alone or HeL.a
co-incubated with T-cells transduced with a control CAR construct (FIG. 11). However, target
cell killing by anti-CD19-CD3¢ or anti-BCMA-CD3y TFP-expressing T-cells was deeper and
more rapid than that observed with the anti-CD19 CAR. For example, within 4 hours of addition
of T-cells transduced with anti-CD19-CD3¢ TFP, killing of the CD19-expressing target cells
was essentially complete. Little or no killing was observed with T-cells transduced with a
number of TFP constructs comprising other CD3 and TCR constructs. Similar results were
obtained with anti-CD19 TFPs constructed with an alternative hinge region. Cytotoxicity against
CD19-transduced HelL a target cells was again greater with anti-CD19-CD3¢ or anti-CD19-CD3y
TFP-transduced T-cells than with anti-CD19-CAR-transduced T-cells.

[0412] T-cells transduced with anti-BCMA TFPs also demonstrated robust cytotoxicity against
BCMA-expressing RPM18226 cells. As shown in FIG. 9, T-cells transduced with anti-BCMA -
CD3¢ or anti-BCMA-CD3y TFPs efficiently mediated cytotoxicity against the BCMA -
expressing RPMI8226 target cells. At an effector to target ratio of 10:1, almost 100% of the
target cells were killed (FIG. 12).

[0413] The cytotoxic activity of TFP-transduced T-cells was dose-dependent with respect to the
amount of virus (MOI) used for transduction. Increased killing of CD19-HelLa was observed
with increasing MOI of anti-CD19-CD3¢ TFP lentivirus, further reinforcing the relationship
between TFP transduction and cytotoxic activity (FIG. 13).
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[0414] Similar experiments can be carried out with FAP. TFP and CAIX TFP constructs.
Example 9: 11.-2 and IFN-y Secretion by ELISA

[0415] Another measure of effector T-cell activation and proliferation associated with the
recognition of cells bearing cognate antigen is the production of effector cytokines such as
interleukin-2 (IL-2) and interferon-gamma (IFN-y).

[0416] ELISA assays for Human IL-2 (catalog #EH2IL.2, Thermo Scientific) and IFN-y catalog
#KHC4012, Invitrogen) were performed as described in the product inserts. Briefly, 50 uL of
reconstituted standards or samples in duplicate were added to each well of a 96 well plate
followed by 50 uL of Biotinylated Antibody Reagent. Samples were mixed by gently tapping
the plate several times. 50 uL of Standard Diluent was then added to all wells that did not
contain standards or samples and the plate was carefully sealed with an adhesive plate cover
prior to incubation for 3 hours at room temperature (20-25 °C). The plate cover was then
removed, plate contents were emptied, and each well was filled with Wash Buffer. This wash
procedure was repeated a total of 3 times and the plate was blotted onto paper towels or other
absorbent material. 100 pL of prepared Streptavidin-HRP Solution was added to each well and a
new plate cover was attached prior to incubation for 30 minutes at room temperature. The plate
cover was again removed, the plate contents were discarded, and 100 uLL of TMB Substrate
Solution was added into each well. The reaction was allowed to develop at room temperature in
the dark for 30 minutes, after which 100 uL of Stop Solution was added to each well. Evaluate
the plate. Absorbance was measured on an ELISA plate reader set at 450 nm and 550 nm within
30 minutes of stopping the reaction. 550 nm values were subtracted from 450 nm values and IL-
2 amounts in unknown samples were calculated relative to values obtained from an IL-2
standard curve.

[0417] Alternatively, 2-Plex assays were performed using the Human Cytokine Magnetic Buffer
Reagent Kit (Invitrogen, LHBO001M) with the Human IL-2 Magnetic Bead Kit (Invitrogen,
LHC0021M) and the Human IFN-y Magnetic Bead Kit (Invitrogen, LHC4031M). Briefly, 25
uL of Human IL-2 and IFN-y antibody beads were added to each well of a 96 well plate and
washed using the following guidelines: two washes of 200 pL 1x wash solution, placing the
plate in contact with a Magnetic 96-well plate Separator (Invitrogen, A14179), letting the beads
settle for 1 minute and decanting the liquid. Then, 50 puL of Incubation Buffer was added to each
well of the plate with 100 uL of reconstituted standards in duplicates or 50 pL of samples
(supernatants from cytotoxicity assays) and 50 uL. of Assay Diluent, in triplicate, for a total
volume of 150 uL.. Samples were mixed in the dark at 600 rpm with an orbital shaker with a 3
mm orbital radius for 2 hours at room temperature. The plate was washed following the same

washing guidelines and 100 uL of human IL-2 and IFN-y biotinylated detector antibody was
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added to each well. Samples were mixed in the dark at 600 rpm with an orbital shaker with a 3
mm orbital radius for 1 hour at room temperature. The plate was washed following the same
washing guidelines and 100 uL of Streptavidin-R-Phycoerythrin was added to each well.
Samples were mixed in the dark at 600 rpm with an orbital shaker with a 3 mm orbital radius for
30 minutes at room temperature. The plate was washed 3 times using the same washing
guidelines and after decanting the liquid the samples were re-suspended in 150 pL of 1x wash
solution. The samples were mixed at 600 rpm with an orbital shaker with a 3 mm orbital radius
for 3 minutes and stored over night at 4 °C. Afterwards, the plate was washed following the
same washing guidelines and the samples were re-suspended in 150 uL of 1x wash solution.
[0418] The plate was read using the MAGPIX System (Luminex) and xPONENT software.
Analysis of the data was performed using MILLIPLEX Analyst software, which provides the
standard curve and cytokine concentrations.

[0419] FIG. 15 shows that, relative to non-transduced or control CAR-transduced T-cells, T-
cells transduced with anti-CD19 TFPs produce higher levels of both IL-2 and IFN-y when co-
cultured with either Raji cells that endogenously express CD19 or CD19-transduced HeLa cells.
In contrast, co-culture with CD19 negative K562 cells or non-transduced HeLa cells, results in
little or no cytokine release from TFP-transduced T-cells. Consistent with the previous
cytotoxicity data, anti-CD19 TFPs constructed with an alternative hinge region generated similar
results upon co-culture with CD19-bearing target cells (FIG. 16).

[0420] In agreement with the previous cytotoxicity data, anti-CD19-CD3¢ and anti-CD19-CD3y
produced the highest IL-2 and IFN-y levels of the TFP constructs (FIGs. 15 and 16). However,
cytokine production by T-cells transduced with anti-CD19-CD3¢ and anti-CD19-CD3y TFPs
was comparable to that of T-cells expressing anti-CD19-28( CAR, despite the TFPs
demonstrating much higher levels of target cell killing (FIGs. 8 and 11). The possibility that
TFPs may more efficiently kill target cells than CARs, but release comparable or lower levels of
pro-inflammatory cytokines, represents a potential advantage for TFPs relative to CARs since
elevated levels of these cytokines have been associated with dose-limiting toxicities for adoptive
CAR-T therapies.

[0421] T-cells transduced with anti-BCMA-CD3¢ or anti-BCMA-CD3y TFPs also produced IL-
2 and IFN-y upon co-culture with BCMA-HeLa but not control HeLa cells that did not express
BCMA (FIG. 17).

[0422] Similar experiments can be carried out with FAP. TFP and CAIX TFP constructs.

Example 10: CD107a Exposure by Flow Cytometry

[0423] An additional assay for T-cell activation is surface expression of CD107a, a lysosomal

associated membrane protein (LAMP-1) that is located in the membrane of cytoplasmic
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cytolytic granules in resting cells. Degranulation of effector T-cells, a prerequisite for cytolytic
activity, results in mobilization of CD107a to the cell surface following activation-induced
granule exocytosis. Thus, CD107a exposure provides an additional measure of T-cell activation,
in addition to cytokine production, that correlates closely with cytotoxicity.

[0424] Target and effector cells were separately washed and re-suspended in cytotoxicity
medium (RPMI+5% human AB serum + 1% antibiotic antimycotic). The assay was performed
by combining 2x10° effectors cells with 2x10° target cells in a 100 pL final volume in U-bottom
96-well plates (Corning), in the presence of 0.5 uL/well of PE/Cy7-labelled anti-human CD107a
(LAMP-1) antibody (Clone-H4A3, BD Biosciences). The cultures were then incubated for an
hour at 37 °C, 5% CO,. Immediately following this incubation, 10 uL of a 1:10 dilution of the
secretion inhibitor monensin (1000x solution, BD GolgiStop' ™) was carefully added to each
well without disturbing the cells. The plates were then incubated for a further 2.5 hours at 37 °C,
5% CO,. Following this incubation, the cells were stained with APC anti-human CD3 antibody
(Clone-UCHTT, BD Biosciences), PerCP/CyS5.5 anti-human CD8 antibody (Clone-SK1, BD
Biosciences) and Pacific Blue anti-human CD4 antibody (Clone-RPA-T4, BD Biosciences) and
then incubated for 30 minutes at 37 °C, 5% CO,. The cells were then washed 2x with FACS
buffer (and resuspended in 100 uLL FACS bufter and 100ul IC fix buffer prior to analysis.

[0425] Exposure of CD107a on the surface of T-cells was detected by flow cytometry. Flow
cytometry was performed with a LSRFortessa™ X20 (BD Biosciences) and analysis of flow
cytometric data was performed using FlowJo software (Treestar, Inc. Ashland, OR). The
percentage of CD8+ effector cells, within the CD3 gate, that were CD107 +ve was determined
for each effector/target cell culture.

[0426] Consistent with the previous cytotoxicity and cytokine data, co-culture of CD19-
expressing target cells, such as Raji or Nalm-6 cells, with effector T-cells transduced with anti-
CD19-28C CAR induced a 3 to 5-fold increase in surface CD107a expression relative to
effectors incubated with CD19 —ve target cells (FIG. 18). In comparison, under the same
conditions, anti-CD19-CD3¢ LL or anti-CD19-CD3y LL TFP-expressing effectors exhibited a 5
to 7-fold induction of CD107a expression. Anti-CD19 TFPs constructed with an alternative
hinge region generated similar results upon co-culture with CD19-bearing target cells.

[0427] Relative to non-transduced T-cells, cells transduced with anti-BCMA-CD3¢ or anti-
BCMA-CD3y TFPs also exhibited an increase in surface expression of CD107a upon co-culture
with BCMA +ve RPMI8226 cells (FIG. 19). These results indicate that TFP-transduced effector
T-cells become activated and degranulate upon exposure to target cells expressing their cognate
antigen.

[0428] Similar experiments can be carried out with FAP. TFP and CAIX . TFP constructs.
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Example 11: In Vivo Mouse Efficacy Studies

[0429] To assess the ability of effector T-cells transduced with anti-CD19 TFPs to achieve anti-
tumor responses in vivo, effector T-cells transduced with either anti-CD19-28{ CAR, anti-
CD19-CD3¢ LL TFP or anti-CD19-CD3y LL TFP were adoptively transferred into
NOD/SCID/IL-2Ry—/— (NSG-JAX) mice that had previously been inoculated with CD19+ Raji
or Nalm6 human leukemic cell lines.

[0430] Female NOD/SCID/IL-2Ry—/— (NSG-JAX) mice, at least 6 weeks of age prior to the
start of the study, were obtained from The Jackson Laboratory (stock number 005557) and
acclimated for 3 days before experimental use. Raji and Nalm-6 human leukemic cell lines for
inoculation were maintained in log-phase culture prior to harvesting and counting with trypan
blue to determine a viable cell count. On the day of tumor challenge, the cells were centrifuged
at 300g for 5 minutes and re-suspended in pre-warmed sterile PBS at either 1x10° cells/100 uL
(Nalm-6) or 5x10° cells/100 uL (Raji). T-cells for adoptive transfer, either non-transduced or
transduced with anti-CD19-28{ CAR, anti-CD19-CD3¢ LL TFP or anti-CD3y LL TFP
constructs were prepared. On day 0 of the study, 10 animals per experimental group were
challenged intravenously with either 5x10° Raji or 1x10° Nalm-6 cells. 3 days later, 5x10° of the
indicated effector T-cell populations were intravenously transferred to each animal in 100 pL of
sterile PBS. Detailed clinical observations on the animals were recorded daily until euthanasia.
Body weight measurements were made on all animals weekly until death or euthanasia. All
animals were euthanized 35 days after adoptive transfer of test and control articles. Any animals
appearing moribund during the study were euthanized at the discretion of the study director in
consultation with a veterinarian.

[0431] Relative to non-transduced T-cells, adoptive transfer of T-cell transduced with either
anti-CD19-28( CAR, anti-CD19-CD3¢ LL TFP or anti-CD19-CD3y LL TFP prolonged survival
of both Raji (FIG. 20A) and Nalm6 (FIG. 20B) tumor-bearing mice, indicating that both anti-
CD19 CAR and TFP-transduced T-cells were capable of mediating target cell killing with
corresponding increased survival in these mouse models. Collectively, these data indicate that
TFPs represent an alternative platform for engineering chimeric receptors that demonstrate
superior antigen-specific killing to first generation CARs both in vitro and in vivo.

[0432] Similar experiments can be carried out with FAP. TFP and CAIX . TFP constructs.

[0433] While preferred embodiments of the present invention have been shown and described
herein, it will be obvious to those skilled in the art that such embodiments are provided by way
of example only. Numerous variations, changes, and substitutions will now occur to those
skilled in the art without departing from the invention. It should be understood that various

alternatives to the embodiments of the invention described herein may be employed in practicing
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the invention. It is intended that the following claims define the scope of the invention and that
methods and structures within the scope of these claims and their equivalents be covered

thereby.
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WHAT IS CLAIMED IS:

1. A pharmaceutical composition comprising
(I) a T cell from a human subject, wherein the T cell comprises a recombinant
nucleic acid molecule encoding a T-cell receptor (TCR) fusion protein (TFP)
comprising
(a) a TCR subunit comprising
(1) atleast a portion of a TCR extracellular domain, and
(i1)) a TCR intracellular domain comprising a stimulatory domain from
an intracellular signaling domain of CD3 epsilon, CD3 gamma, or CD3 delta; and
(b) a murine, human or humanized antibody domain comprising an antigen
binding domain;
(IT)y a pharmaceutically acceptable carrier;
wherein the TCR subunit and the murine, human or humanized antibody domain are
operatively linked, and

wherein the TFP functionally interacts with a TCR when expressed in a T cell.

2. The pharmaceutical composition of claim 1, wherein the antigen binding domain
is an anti-CD19 binding domain or an anti-B-cell maturation antigen (BCMA) binding

domain.

3. The pharmaceutical composition of claim 1 or claim 2, wherein the antigen

binding domain is connected to the TCR extracellular domain by a linker sequence.

4. The pharmaceutical composition of claim 3, wherein the linker sequence

comprises (G4S), wherein n=1 to 4.

5. The pharmaceutical composition of any one of claims 1-4, wherein the TCR
subunit comprises one, two or all of (i) a TCR extracellular domain, (ii) a TCR
transmembrane domain, and (ii1) a TCR intracellular domain, wherein if all are present at

least two of (1), (ii), and (iii) are from the same TCR subunit.

6. The pharmaceutical composition of any one of claims 1-5, wherein the TCR
subunit comprises an intracellular domain comprising a stimulatory domain selected
from a functional signaling domain of 4-1BB and/or a functional signaling domain of

CD3 zeta, or an amino acid sequence having at least one modification thereto.
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7. The pharmaceutical composition of any one of claims 1-6, wherein the TFP
includes one or two or all of

1) an extracellular domain of a TCR subunit that comprises an extracellular
domain or portion thereof of a protein selected from the group consisting of a TCR alpha
chain, a TCR beta chain, a CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, a
CD3 delta TCR subunit, functional fragments thereof, and amino acid sequences thereof
having at least one but not more than 20 modifications,

i1) a transmembrane domain that comprises a transmembrane domain of a protein
selected from the group consisting of a TCR alpha chain, a TCR beta chain, a CD3
epsilon TCR subunit, a CD3 gamma TCR subunit, a CD3 delta TCR subunit, functional
fragments thereof, and amino acid sequences thereof having at least one but not more
than 20 modifications, and

1i1) a transmembrane domain that comprises a transmembrane domain of a protein
selected from the group consisting of a TCR alpha chain, a TCR beta chain, a TCR zeta
chain, a CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, a CD3 delta TCR
subunit, CD45, CD4, CD5, CDS, CD9, CD16, CD22, CD33, CD28, CD37, CD64, CD8O0,
CD86, CD134, CD137, CD154, functional fragments thereof, and amino acid sequences

thereof having at least one but not more than 20 modifications.

8. The pharmaceutical composition of any one of claims 1-7, wherein the
recombinant nucleic acid molecule further comprises a sequence encoding a

costimulatory domain.

9. The pharmaceutical composition of any one of claims 1-8, wherein the TFP
includes an immunoreceptor tyrosine-based activation motif (ITAM) of a TCR subunit
that comprises an ITAM or portion thereof of a protein selected from the group
consisting of CD3 zeta TCR subunit, CD3 epsilon TCR subunit, CD3 gamma TCR
subunit, CD3 delta TCR subunit, TCR zeta chain, Fc epsilon receptor 1 chain, Fc epsilon
receptor 2 chain, Fc gamma receptor 1 chain, Fc gamma receptor 2a chain, Fc gamma
receptor 2b1 chain, Fc gamma receptor 2b2 chain, Fc gamma receptor 3a chain, Fc
gamma receptor 3b chain, Fc beta receptor 1 chain, TYROBP (DAP12), CDS5, CD16a,
CDl16b, CD22, CD23, CD32, CD64, CD79a, CD79b, CD89, CD278, CD66d, functional
fragments thereof, and amino acid sequences thereof having at least one but not more

than 20 modifications thereto.

10.  The pharmaceutical composition of any one of claims 1-9, wherein the

recombinant nucleic acid molecule comprises a nucleotide analog and/or a leader

141



21 Jan 2021

2016264323

sequence.

11.  Anisolated recombinant TFP molecule comprising a murine, human or
humanized antibody domain comprising

1) an anti-CD19 binding domain or an anti-BCMA binding domain,

i1) a TCR extracellular domain, and

1i1) a transmembrane domain, and an intracellular signaling domain,
wherein the TFP molecule is capable of functionally

a) interacting with an endogenous TCR complex and/or at least one endogenous
TCR polypeptide, or

b) integrating into an endogenous TCR complex.

12.  The pharmaceutical composition of any one of claims 2-10 or the isolated TFP
molecule of claim 11, wherein the anti-CD19 binding domain comprises (i) a light chain
(LC) CDR1, LC CDR2 and LC CDR3 of an anti-CD19 light chain binding domain
amino acid sequence of SEQ ID NO: 25, SEQ ID NO: 27 and SEQ ID NO: 29,
repectively, and (i) a heavy chain (HC) CDR1, HC CDR2 and HC CDR3 of an anti-
CD19 heavy chain binding domain amino acid sequence of SEQ ID NO: 31, SEQ ID
NO: 33 and SEQ ID NO: 35, respectively.

13. The pharmaceutical composition or isolated TFP molecule of claim 12, wherein
the anti-CD19 binding domain comprises a heavy chain with 95-100% identity to an
amino acid sequence of SEQ ID NO: 51, a functional fragment thereof, or an amino acid
sequence thereof having at least one but not more than 30 modifications, or a light chain
with 95-100% identity to an amino acid sequence of SEQ ID NO: 49, a functional
fragment thereof, or an amino acid sequence thereof having at least one but not more

than 30 modifications.

14.  An isolated recombinant TFP molecule comprising a murine, human or
humanized antibody domain comprising an anti-BCMA binding domain, a TCR

extracellular domain, a transmembrane domain, and an intracellular domain

15. The pharmaceutical composition of any one of claims 2-10 or isolated TFP
molecule of any one of claims 11-14, wherein the anti-CD19 binding domain or the anti-

BCMA binding domain is a scFv or a Vu domain.

16. The pharmaceutical composition of any one of claims 2-10 or isolated TFP

molecule of any one of claims 11-15, wherein the anti-BCMA binding domain comprises
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(1) a light chain (LC) CDRI1, LC CDR2 and LC CDR3 of an anti-BCMA light chain
binding domain amino acid sequence of SEQ ID NO: 37, SEQ ID NO: 39 and SEQ ID
NO: 41, respectively, and (ii) a heavy chain (HC) CDR1, HC CDR2 and HC CDR3 of an
anti-BCMA heavy chain binding domain amino acid sequence of SEQ ID NO: 43, SEQ
ID NO: 45 and SEQ ID NO: 47, respectively.

17. The pharmaceutical composition or isolated TFP molecule of claim 16, wherein
the anti-BCMA binding domain comprises a heavy chain with 95-100% identity to an
amino acid sequence of SEQ ID NO: 55, a functional fragment thereof, or an amino acid
sequence thereof having at least one but not more than 30 modifications, or a light chain
with 95-100% identity to an amino acid sequence of SEQ ID NO: 53, a functional
fragment thereof, or an amino acid sequence thereof having at least one but not more

than 30 modifications.

18. The isolated TFP molecule of any one of claims 11-17, comprising a TCR
extracellular domain that comprises an extracellular domain or portion thereof of a
protein selected from the group consisting of a TCR alpha chain, a TCR beta chain, a
CD3 epsilon TCR subunit, a CD3 gamma TCR subunit, a CD3 delta TCR subunit,
functional fragments thereof, and amino acid sequences thereof having at least one but

not more than 20 modifications.

19. The isolated TFP molecule of any one of claims 11-18, wherein the anti-CD19
binding domain or anti-BCMA binding domain is connected to the TCR extracellular

domain by a linker sequence.

20. The isolated TFP molecule of any one of claims 11-19, further comprising one
or two or all of a sequence encoding a costimulatory domain, a sequence encoding an

intracellular signaling domain and a leader sequence.

21. A nucleic acid comprising a sequence encoding a TFP of any one of claims 11-
20.
22. A vector comprising a nucleic acid molecule encoding a TFP of any one of

claims 11-20.

23. The vector of claim 22, wherein the vector is selected from the group consisting
of a DNA, a RNA, a plasmid, a lentivirus vector, adenoviral vector, a Rous sarcoma viral

(RSV) vector, or a retrovirus vector.
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24. A cell comprising the TFP molecule of any one of claims 11-20, the nucleic acid

of claim 21, or the vector of claim 22 or claim 23.
25, The cell of claim 24, wherein the cell is a human CD&+ or CD4+ T-cell.

26. The cell of claim 24 or claim 25, further comprising a nucleic acid encoding an
inhibitory molecule that comprises a first polypeptide that comprises at least a portion of
an inhibitory molecule, associated with a second polypeptide that comprises a positive

signal from an intracellular signaling domain.

27. The cell of claim 26, wherein the inhibitory molecule comprises a first
polypeptide that comprises at least a portion of PD1 and a second polypeptide

comprising a costimulatory domain and primary signaling domain.

28. A human CD8+ or CD4+ T cell, or a population of human CD8+ or CD4+ T
cells, comprising at least two TFP molecules, the at least two TFP molecules comprising
a murine, human or humanized antibody domain comprising an anti-CD19 or anti-
BCMA binding domain, a TCR extracellular domain, a TCR transmembrane domain, and
a TCR intracellular domain comprising a stimulatory domain from an intracellular
signaling domain of CD3 delta, CD3 gamma, or CD3 epsilon, wherein each TFP
molecule of the at least two TFP molecules is capable of functionally interacting with an
endogenous TCR complex and/or at least one endogenous TCR polypeptide in, at and/or
on the surface of the human CD8+ or CD4+ T cell.

29. A method of making a cell comprising transducing a T cell with the nucleic acid

of claim 21, or the vector of claim 22 or claim 23.

30. A method of generating a population of RNA-engineered cells comprising
introducing an in vitro transcribed RNA or synthetic RNA into a cell, wherein the RNA

comprises a nucleic acid encoding the TFP molecule of any one of claims 11-20.

31. A method of providing an anti-tumor immunity in a mammal comprising
administering to the mammal an effective amount of the pharmaceutical composition of
any one of claims 1-10, the TFP molecule of any one of claims 11-20, the nucleic acid of
claim 21, the vector of claim 22 or claim 23, the cell of any one of claims 24-27 or the

cell or population of claim 28.

32. A method of treating a mammal having a disease associated with expression of

CD19 or BCMA comprising administering to the mammal an effective amount of the

144



21 Jan 2021

2016264323

pharmaceutical composition of any one of claims 1-10, the TFP molecule of any one of
claims 11-20, the nucleic acid of claim 21, the vector of claim 22 or claim 23, the cell of

any one of claims 24-28, or the cell or population of claim 29.

33, The method of claim 32, wherein the disease associated with CD19 or BCMA
expression is selected from the group consisting of a proliferative disease, a cancer, a
malignancy, myelodysplasia, a myelodysplastic syndrome, a preleukemia, a non-cancer

related indication associated with expression of CD19.

34.  The method of claim 32 or claim 33, wherein the disease is a hematologic cancer
selected from the group consisting of B-cell acute lymphoid leukemia (B-ALL), T-cell
acute lymphoid leukemia (T-ALL), acute lymphoblastic leukemia (ALL); chronic
myelogenous leukemia (CML), chronic lymphocytic leukemia (CLL), B cell
prolymphocytic leukemia, blastic plasmacytoid dendritic cell neoplasm, Burkitt’s
lymphoma, diffuse large B cell lymphoma, follicular lymphoma, hairy cell leukemia,
small cell-follicular lymphoma, large cell-follicular lymphoma, malignant
lymphoproliferative conditions, MALT lymphoma, mantle cell lymphoma, Marginal
zone lymphoma, multiple myeloma, myelodysplasia, myelodysplastic syndrome, non-
Hodgkin’s lymphoma, plasmablastic lymphoma, plasmacytoid dendritic cell neoplasm,
Waldenstrom macroglobulinemia, preleukemia, a disease associated with CD19 or

BCMA expression, and combinations thereof.

35.  The method of any one of claims 32-34, wherein less cytokines are released in the
mammal compared to a mammal administered an effective amount of a T-cell expressing
an anti-CD19 chimeric antigen receptor (CAR) or an anti-BCMA CAR.

36. Use of the isolated TFP of any one of claims 11-20, the nucleic acid of claim 20,
the vector of claim 22 or claim 23, the cell of any one of claims 24-27, or the cell or
population of claim 28, for use in the manufacture of a medicament for treating a

mammal having a disease associated with expression of CD19 or BCMA.
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