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CHIMERIC POLYPEPTIDES AND METHODS OF
ALTERING THEIR LOCALISATION IN THE CELL
MEMBRANE

CROSS-REFERENCE TO RELATED APPLICATIONS
This application is a divisional application of Singapore application no.
11201908618S, the entire content of which is incorporated herein by reference.
This application claims priority to U.S. Provisional Patent Application Serial No.
62/477,733, filed March 28, 2017, and U.S. Provisional Patent Application Serial No.
62/587,262, filed November 16, 2017; the entire contents of which are herein

incorporated by reference.

TECHNICAL FIELD
The present disclosure relates to the field of biotechnology, and more specifically,

to the regulation of the cellular localization of a chimeric polypeptide.

BACKGROUND

Chimeric antigen receptors (CARs) are a subclass of single-chain and multi-chain
polypeptides. Chimeric antigen receptors typically include, e.g., an antigen-binding
domain, a transmembrane domain, a co-stimulatory domain, and a CD3( or other
signaling domain. CARs have been investigated for use in the clinical treatment of
different cancers, e.g., hematological cancers, in mammals with considerable success. A
limiting factor, however, has been uncontrollable toxicity associated with CAR
anticancer activity.

Nuclear hormone receptors are class of polypeptides that include several domains,
including a DNA-binding motif and a ligand-binding domain. In the absence of ligand,
naturally-occurring nuclear hormone receptors associate with various chaperones and
other interacting proteins which sequester the nuclear hormone receptor outside of the
nucleus. Ligand binding induces changes in nuclear hormone receptor conformation and
interaction partners and allows the nuclear translocation and transcriptional activation or
repression of nuclear hormone target genes. While the classical view of steroid signaling

holds that these hormones bind intracellular receptors that act as ligand-activated
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transcription factors, it has been reported that steroids may also act by a non-genomic

mechanism at the cell surface.

SUMMARY

The present disclosure is based, at least in part, on the discovery that the
reversible extracellular membrane localization of chimeric polypeptides that include a
transmembrane domain can be utilized for medical applications where it is desired to
have reversibly expressed on the extracellular membrane a protein or peptide of interest.
An exemplary feature of the present disclosure is that the toxicity associated with CAR T
cells can be regulated by reversibly expressing on their surface an antigen binding
domain of a CAR.

The present disclosure is further based, at least in part, on the discovery that the
plasma membrane localization or extracellular membrane localization of chimeric
polypeptides that include a transmembrane domain and a hormone receptor ligand
binding domain, where the transmembrane domain and the hormone receptor ligand
binding domain directly abut each other or are separated by 1 to about 700 amino acids
(e.g., 1 to about 500 amino acids), and the transmembrane domain and the hormone
receptor ligand binding domain are not both present in the same endogenous single-chain
polypeptide in a mammal (e.g., a single-chain chimeric antigen receptor), in a
mammalian cell can be regulated by contacting the mammalian cell with a hormone or a
hormone analogue. In view of this discovery, provided herein are: single-chain chimeric
polypeptides, single-chain chimeric antigen receptors, and multi-chain chimeric antigen
receptors; nucleic acids encoding the same; vectors including any of these nucleic acids;
mammalian cells including any of these vectors; and methods of reversibly inducing the
extracellular membrane localization and methods of altering the membrane localization
of these single-chain chimeric polypeptides, single-chain chimeric antigen receptors, and
multi-chain chimeric polypeptides.

In some embodiments, reversibly inducing the plasma membrane localization or
extracellular membrane localization of polypeptides (e.g., single-chain chimeric
polypeptides, single-chain chimeric antigen receptors, and/or multi-chain chimeric

antigen receptors) using one or more of the compositions or methods disclosed herein is
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useful in the area of cell-based adoptive immunotherapy, in which immune cells isolated
from a subject can be modified to express synthetic proteins that enable the cells to
perform new therapeutic functions after they are subsequently transferred back into the
subject. Non-limiting examples of such synthetic proteins are chimeric antigen receptors
(CARs) and engineered T cell Receptors (TCRs).

In some embodiments, reversibly inducing the plasma membrane localization or
extracellular membrane localization of polypeptides (e.g., single-chain chimeric
polypeptides, single-chain chimeric antigen receptors, and/or multi-chain chimeric
antigen receptors) using one or more of the compositions or methods disclosed herein is
useful in controlling the toxic effects of chimeric antigen T cells (CAR-T cells) involved
in eliminating cancer cells by regulating the presence or absence of an antigen binding
moiety on the plasma membrane or extracellular membrane of the cell.

Provided herein are single-chain chimeric polypeptides that include: a
transmembrane domain; and a hormone receptor ligand binding domain, where: the
transmembrane domain and the hormone receptor ligand binding domain directly abut
each other or are separated by 1 to 500 amino acids; and the transmembrane domain and
the hormone receptor ligand binding domain are not both present in the same endogenous
single-chain polypeptide in a mammal. In some embodiments of any of the single-chain
chimeric polypeptides described herein, the transmembrane domain is a transmembrane
domain from: a chain of a T cell receptor, B chain of the T cell receptor, { chain of the T
cell receptor, CD28, CD3g, CD33, CD3y, CD33, CD37, CD64, CD80, CD45, CD4, CDS5,
CD8a, CD9, CD16, CD22, CD86, CD134, CD137, or CD154. In some embodiments of
any of the single-chain chimeric polypeptides described herein, the hormone receptor
ligand binding domain is a ligand binding domain from an estrogen receptor, a
progesterone receptor, or an androgen receptor. In some embodiments of any of the
single-chain chimeric polypeptides described herein, the hormone receptor ligand binding
domain is a ligand binding domain from an estrogen receptor.

In some embodiments of any of the single-chain chimeric polypeptides described
herein, the transmembrane domain and the hormone receptor ligand binding domain
directly abut each other. In some embodiments of any of the single-chain chimeric

polypeptides described herein, the transmembrane domain and the hormone receptor
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ligand binding domain are separated by 1 to 500 amino acids (e.g., 1 to 250 amino acids,
or about 1 to 50 amino acids).

Also provided herein are nucleic acids that include a nucleotide sequence
encoding any of the single-chain chimeric polypeptides described herein. Also provided
herein are vectors that include any of the nucleic acids that include a nucleotide sequence
encoding any of the single-chain chimeric polypeptides described herein. Also provided
herein are mammalian cells that include any of the vectors described herein.

Also provided herein are methods of inducing the membrane localization of a
single-chain chimeric polypeptide in a mammalian cell that include: contacting a
mammalian cell expressing any of the single-chain chimeric polypeptides described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the single-chain chimeric polypeptide to the extracellular side of the
plasma membrane of the cell.

Also provided are methods of reversibly altering the membrane localization of a
single-chain chimeric polypeptide in a mammalian cell that include: (a) contacting a
mammalian cell expressing any of the single-chain chimeric polypeptides described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the single-chain chimeric polypeptide to the extracellular side of the
plasma membrane of the cell; and (b) contacting the mammalian cell with a reduced
amount of the hormone or the hormone analogue that results in a decreased level of the
single-chain chimeric polypeptide on the extracellular side of the plasma membrane of
the mammalian cell. Some embodiments of any of the methods described herein further
include: (c) contacting the mammalian cell with an increased amount of the hormone or
the hormone analogue that results in an increased level of the single-chain chimeric
polypeptide on the extracellular side of the plasma membrane of the cell as compared to
the level of in step (b).

Some embodiments of any of the methods described herein further include:
introducing a nucleic acid encoding the single-chain chimeric polypeptide into a
mammalian cell to generate the mammalian cell expressing the single-chain chimeric

polypeptide. In some embodiments of any of the methods described herein, the
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mammalian cell is a T cell (e.g., a T-cell selected from the group of a CD8" T cell, a
CD4" T cell, amemory T cell, a Treg cell, and natural killer T cell).

In some embodiments of any of the methods described herein, the mammalian
cell is a mammalian cell previously obtained from a subject. In some embodiments of
any of the methods described herein, the subject has been identified or diagnosed as
having a cancer. Some embodiments of any of the methods described herein further
include: obtaining the mammalian cell from the subject. In some embodiments of any of
the methods described herein, the contacting step is performed in vitro. In some
embodiments of any of the methods described herein, the contacting step is performed in
a mammal.

Also provided herein are single-chain chimeric antigen receptors that include: an
extracellular antigen-binding domain; a transmembrane domain; a hormone receptor
ligand binding domain; a costimulatory domain; and a immunoreceptor tyrosine-based
activation motif (ITAM); where: the transmembrane domain and the hormone receptor
ligand binding domain directly abut each other or are separated by 1 to 500 amino acids;
and the transmembrane domain and the hormone receptor ligand binding domain are not
both present in the same endogenous single-chain polypeptide in a mammal. In some
embodiments of any of the single-chain chimeric antigen receptors described herein, the
extracellular antigen-binding domain is selected from the group of: a scFv, a (scFv), a
VuH domain, and a Vnar domain. In some embodiments of any of the single-chain
chimeric antigen receptors described herein, the extracellular antigen-binding domain is a
scFv.

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the extracellular antigen-binding domain binds specifically to a single
antigen. In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the single antigen is a tumor antigen. In some embodiments of any of
the single-chain chimeric antigen receptors described herein, the tumor antigen is selected
from the group of: CD19, WT-1, CD22, L1-CAM, ROR-1, CD30, CD125, AFP, CEA,
ETA, MAGE, and MUC16. In some embodiments of any of the single-chain chimeric

antigen receptors described herein, the tumor antigen is CD19. In some embodiments of
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any of the single-chain chimeric antigen receptors described herein, the extracellular
antigen-binding domain binds specifically to two different antigens.

In some embodiments of any of the single chain chimeric antigen receptors
described herein, the transmembrane domain is a transmembrane domain from: o chain of
a T cell receptor, B chain of the T cell receptor, { chain of the T cell receptor, CD28,
CD3g, CD39, CD3y, CD33, CD37, CD64, CD80, CD45, CD4, CD5, CD8a, CD9, CD16,
CD22, CD86, CD134, CD137, or CD154. In some embodiments of any of the single-
chain chimeric antigen receptors described herein, the hormone receptor ligand binding
domain is a ligand binding domain from an estrogen receptor, a progesterone receptor, or
an androgen receptor. In some embodiments of any of the single-chain chimeric antigen
receptors described herein, the hormone receptor ligand binding domain is a ligand
binding domain from an estrogen receptor.

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the costimulatory domain is a cytoplasmic costimulatory domain from
CD27, CD28, 4-1BB, 0X40, CD30, CD40L, CD40, PD-1, PD-L1, ICOS, LFA-1, CD2,
CD7, CD160, LIGHT, BTLA, TIM3, CD244, CD80, LAG3, NKG2C, and B7-H3. In
some embodiments of any of the single-chain chimeric antigen receptors described
herein, the costimulatory domain is 4-1BB or CD28. In some embodiments of any of the
single-chain chimeric antigen receptors described herein, the ITAM includes a
cytoplasmic signaling sequence from CD3(.

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the transmembrane domain and the hormone receptor ligand binding
domain directly abut each other. In some embodiments of any of the single-chain
chimeric antigen receptors described herein, the transmembrane domain and the hormone
receptor ligand binding domain are separated by 1 to 500 amino acids (e.g., 1 to 250
amino acids, or 1 to 50 amino acids).

Also provided herein are nucleic acids that include a nucleotide sequence
encoding any of the single-chain chimeric antigen receptors described herein. Also
provided herein are vectors that include a nucleic acid that includes a nucleotide sequence
encoding any of the single-chain chimeric antigen receptors described herein. Also

provided are mammalian cells that include any of the vectors described herein.
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Also provided are methods of inducing the membrane localization of a single-
chain chimeric antigen receptor in a mammalian cell that include: contacting a
mammalian cell expressing any of the single-chain chimeric antigen receptors described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the single-chain chimeric antigen-binding receptor to the extracellular side
of the plasma membrane of the cell.

Also provided herein are methods of altering the membrane localization of a
single-chain chimeric antigen receptor in a mammalian cell that include: (a) contacting a
mammalian cell expressing any of the single-chain chimeric antigen receptors described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the single-chain chimeric antigen-binding receptor to the extracellular side
of the plasma membrane of the cell; and (b) contacting the mammalian cell with an
amount of the hormone or the hormone analogue that results in a reduced level of the
single-chain chimeric antigen receptor on the extracellular side of the plasma membrane
of the cell. Some embodiments of these methods further include: (c) contacting the
mammalian cell with an amount of the hormone or the hormone analogue that results in
an increased level of single-chain chimeric antigen receptor to the extracellular side of
the plasma membrane of the cell as compared to the level in (b).

Some embodiments of any of the methods described herein further include:
introducing a nucleic acid encoding the single-chain chimeric antigen receptor into a
mammalian cell to generate the mammalian cell expressing the single-chain chimeric
antigen receptor. In some embodiments of any of the methods described herein, the
mammalian cell is a T cell. In some embodiments of any of the methods described
herein, the T cell is selected from the group of: a CD8+ T cell, a CD4+ T cell, a memory
T cell, a Treg cell, and a natural killer T cell.

In some embodiments of any of the methods described herein, the mammalian
cell is a mammalian cell previously obtained from a subject. In some embodiments of
any of the methods described herein, the subject has been identified or diagnosed as
having a cancer. Some embodiments of any of the methods described herein further
include: obtaining the mammalian cell from the subject. In some embodiments of any of

the methods described herein, the contacting step is performed in vitro. In some
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embodiments of any of the methods described herein, the contacting step is performed in
a mammal. In some embodiments of any of the methods described herein, the mammal
has a cancer. In some embodiments of any of the methods described herein, the
contacting step results in the treatment of the cancer in the mammal.

Also provided herein are multi-chain chimeric antigen receptors that include at
least one first polypeptide including: an extracellular antigen-binding domain; a
transmembrane domain; and a hormone receptor ligand binding domain; where: the
transmembrane domain and the hormone receptor ligand binding domain directly abut
each other or are separated by 1 to 500 amino acids; and the transmembrane domain and
the hormone receptor ligand binding domain are not both present in the same endogenous
single-chain polypeptide in a mammal. In some embodiments of any of the multi-chain
chimeric antigen receptors described herein, the extracellular antigen-binding domain is
selected from the group consisting of: a scFv, a (scFv)2, a VuH domain, and a Vnar
domain. In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the extracellular antigen-binding domain is a scFv.

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the extracellular antigen-binding domain binds specifically to a single
antigen. In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the single antigen is a tumor antigen. In some embodiments of any of
the multi-chain chimeric antigen receptors described herein, the tumor antigen is selected
from the group of: CD19, WT-1, CD22, L1-CAM, ROR-1, CD30, CD125, AFP, CEA,
ETA, MAGE, and MUC16. In some embodiments of any of the multi-chain chimeric
antigen receptors described herein, the tumor antigen is CD19. In some embodiments of
any of the multi-chain chimeric antigen receptors described herein, the extracellular
antigen-binding domain binds specifically to two different antigens.

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the transmembrane domain is a transmembrane domain from: o chain of
a T cell receptor,  chain of the T cell receptor, C chain of the T cell receptor, CD28,
CD3g, CD39, CD3y, CD33, CD37, CD64, CD80, CD45, CD4, CD5, CD8a, CD9, CD16,
CD22, CD86, CD134, CD137, or CD154. In some embodiments of any of the multi-

chain chimeric antigen receptors described herein, the hormone receptor ligand binding
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domain is a ligand binding domain from an estrogen receptor, a progesterone receptor, or
an androgen receptor. In some embodiments of any of the multi-chain chimeric antigen
receptors described herein, the hormone receptor ligand binding domain is a ligand
binding domain from an estrogen receptor.

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the transmembrane domain and the hormone receptor ligand binding
domain directly abut each other. In some embodiments of any of the multi-chain
chimeric antigen receptors described herein, the transmembrane domain and the hormone
receptor ligand binding domain are separated by 1 to 500 amino acids (e.g., 1 to 250
amino acids, or 1 to 50 amino acids).

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the at least one polypeptide further includes a costimulatory domain. In
some embodiments of any of the multi-chain chimeric antigen receptors described herein,
the costimulatory domain is a cytoplasmic costimulatory domain from CD27, CD28, 4-
1BB, 0X40, CD30, CD40L, CD40, PD-1, PD-L1, ICOS, LFA-1, CD2, CD7, CD160,
LIGHT, BTLA, TIM3, CD244, CD80, LAG3, NKG2C, or B7-H3. In some embodiments
of any of the multi-chain chimeric antigen receptors described herein, the costimulatory
domain is 4-1BB or CD28.

Also provided herein are methods of inducing membrane localization of a multi-
chain chimeric antigen receptor in a mammalian cell that include: contacting a
mammalian cell expressing any of the multi-chain chimeric antigen receptors described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the multi-chain chimeric antigen-binding receptor to the extracellular side
of the plasma membrane of the cell.

Also provided herein are methods of altering the membrane localization of a
multi-chain chimeric antigen receptor in a mammalian cell that include: (a) contacting a
mammalian cell expressing any of the multi-chain chimeric antigen receptors described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the multi-chain chimeric antigen-binding receptor to the extracellular side
of the plasma membrane of the cell; and (b) contacting the mammalian cell with an

amount of the hormone or the hormone analogue with an amount of the hormone or the
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hormone analogue that results in a decreased level of the multi-chain chimeric antigen-
binding receptor on the extracellular side of the plasma membrane of the cell. Some
embodiments of any of the methods described herein further include: (c) contacting the
mammalian cell with an amount of the hormone or the hormone analogue that results in
an increase in the level of the multi-chain chimeric antigen-binding receptor on the
extracellular side of the plasma membrane of the cell. Some embodiments of any of the
methods described herein further include: introducing a nucleic acid encoding the single-
chain chimeric antigen receptor into a mammalian cell to generate the mammalian cell
expressing the single-chain chimeric antigen receptor. In some embodiments of any of
the methods described herein, the mammalian cell is a T cell. In some embodiments of
any of the methods described herein, the T cell is selected from the group of: a CD8+ T
cell, a CD4+ T cell, a memory T cell, a Treg cell, and a natural killer T cell.

In some embodiments of any of the methods described herein, the mammalian
cell is a mammalian cell previously obtained from a subject. In some embodiments of
any of the methods described herein, the subject has been identified or diagnosed as
having a cancer. Some embodiments of any of the methods described herein further
include: obtaining the mammalian cell from the subject. In some embodiments of any of
the methods described herein, the contacting step is performed in vitro. In some
embodiments of any of the methods described herein, the contacting step is performed in
a mammal. In some embodiments of any of the methods described herein, the mammal
has a cancer. In some embodiments of any of the methods described herein, the
contacting step results in the treatment of the cancer in the mammal.

Also provided herein are methods of treating a cancer in a subject (e.g., a human)
that include: (a) administering to the subject a mammalian cell expressing any of the
single chain chimeric antigen receptors described herein or any of the multi-chain
chimeric antigen receptors described herein, where the antigen binding domain binds
specifically to an antigen expressed by the cancer in the subject; (b) administering to the
subject an amount of a hormone or hormone sufficient to induce localization of the
single-chain or multi-chain chimeric antigen receptor to the extracellular side of the
plasma membrane of the cell; (c) determining the presence or severity of one or more

symptoms associated with toxicity, the level of one or more cytokines associated with a
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cytokine storm, or both, in the subject following (b); (d) comparing the determined
presence or severity of one or more symptoms associated with toxicity, the determined
level of one or more cytokines associated with the cytokine storm, or both, to a
control(s); and (e) administering to the subject an amount of the hormone or hormone
analogue sufficient to reduce the level of the single-chain or multi-chain chimeric antigen
receptor on the extracellular side of the plasma membrane of the cell, such that the
presence or severity of one or more symptoms associated with toxicity, the level of one or
more cytokines associated with a cytokine storm, or both, is reduced in the subject after
(e).

In some embodiments of any of the methods described herein, the amount of the
hormone or hormone analogue administered to the subject in step (e) is reduced by at
least 25% as compared to the amount of the hormone or hormone analogue administered
to the subject in step (b). In some embodiments of any of the methods described herein,
the amount of the hormone or hormone analogue administered to the subject in step (e) is
reduced by at least 50% as compared to the amount of the hormone or hormone analogue
administered to the subject in step (b). In some embodiments of any of the methods
described herein, the amount of the hormone or hormone analogue administered to the
subject in step (e) is reduced by at least 75% as compared to the level of the hormone or
hormone analogue administered to the subject in step (b). In some embodiments of any
of the methods described herein, the amount of the hormone or hormone analogue
administered to the subject in step (e) is reduced by 100% as compared to the level of the
hormone or hormone analogue administered to the subject in step (b).

In some embodiments of any of the methods described herein, the one or more
symptoms associated with toxicity are selected from the group consisting of: high fever,
swelling, chills, hypotension, tachycardia, asthenia, headache, rash, scratchy throat,
dyspnea, redness, extreme fatigue, nausea, and cerebral edema. In some embodiments of
these methods, the one or more cytokines associated with a cytokine storm are selected
from the group consisting of: include tumor necrosis factor-alpha, IFNy, IL-10, IL-1p, IL-
2, IL-6, IL-8, and IL-10, granulocyte macrophage—colony-stimulating factor (GM-CSF),
and IL-5.
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Also provided herein are single-chain chimeric polypeptides that include: an
extracellular hormone receptor ligand binding domain; and a transmembrane domain,
where: the hormone receptor ligand binding domain and the extracellular transmembrane
domain directly abut each other or are separated by 1 to 700 amino acids; and the
transmembrane domain and the extracellular hormone receptor ligand binding domain are
not both present in a single endogenous single-chain polypeptide in a mammal. In some
embodiments of any of the single-chain chimeric polypeptides described herein, the
transmembrane domain is a transmembrane domain from: a chain of a T cell receptor, 3
chain of the T cell receptor, C chain of the T cell receptor, CD28, CD3e, CD305, CD3y,
CD33, CD37, CD64, CD80, CD45, CD4, CDS, CD8a, CD9, CD16, CD22, CDS6,
CD134, CD137, or CD154. In some embodiments of any of the single chain chimeric
polypeptides described herein, the extracellular hormone receptor ligand binding domain
is a ligand binding domain from an estrogen receptor, a progesterone receptor, or an
androgen receptor. In some embodiments of any of the single-chain chimeric
polypeptides described herein, the extracellular hormone receptor ligand binding domain
is a ligand binding domain from an estrogen receptor. In some embodiments of any of
the single-chain chimeric polypeptides described herein, the extracellular hormone
receptor ligand binding domain is a ligand binding domain from a human estrogen
receptor. In some embodiments of any of the single-chain chimeric polypeptides
described herein, the ligand binding domain of the human estrogen receptor has a
wildtype sequence, except that it comprises one or both of a substitution at amino acid
position 521 and a substitution at amino acid position 537, each numbered relative to the
full-length wildtype sequence of human hormone receptor.

In some embodiments of any of the single-chain chimeric polypeptide described
herein, the extracellular hormone receptor ligand binding domain and the transmembrane
domain directly abut each other. In some embodiments of any of the single-chain
chimeric polypeptides described herein, the extracellular hormone receptor ligand
binding domain and the transmembrane domain are separated by 1 to 700 amino acids
(e.g., 1 to 500 amino acids, 1 to 250 amino acids, 1 to 100 amino acids, 1 to 50 amino

acids, or 1 to 25 amino acids).
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In some embodiments of any of the single-chain chimeric polypeptides described
herein, when going in the N-terminal to C-terminal direction, the single-chain chimeric
polypeptide includes the extracellular antigen-binding domain, the extracellular hormone
receptor ligand binding domain, and the transmembrane domain. In some embodiments
of any of the single-chain chimeric polypeptides described herein, when going in the C-
terminal to the N-terminal direction, the single-chain chimeric polypeptide includes the
extracellular antigen-binding domain, the extracellular hormone receptor ligand binding
domain, and the transmembrane domain. In some embodiments of any of the single-
chain chimeric polypeptides described herein, when going in the N-terminal to the C-
terminal direction, the single-chain chimeric polypeptide includes the extracellular
hormone receptor ligand binding domain, the extracellular antigen-binding domain, and
the transmembrane domain. In some embodiments of any of the single-chain chimeric
polypeptides described herein, when going in the C-terminal to the N-terminal direction,
the single-chain chimeric polypeptide includes the extracellular hormone receptor ligand
binding domain, the extracellular antigen-binding domain, and the transmembrane
domain.

Also provided herein are nucleic acids that include a nucleotide sequence
encoding any of the single-chain chimeric polypeptides described herein. Also provided
herein are vectors that include a nucleic acid that includes a nucleotide sequence
encoding any of the single-chain chimeric polypeptides described herein. Also provided
herein are mammalian cells that include any of the vectors described herein. In some
embodiments of any of the mammalian cells described herein, the mammalian cell isa T
cell. In some embodiments of any of the mammalian cells described herein, the T cell is
selected from the group of: a CD8" T cell, a CD4" T cell, a memory T cell, a Treg cell,
and natural killer T cell.

Also provided herein are methods of inducing the plasma membrane localization
of a single-chain chimeric polypeptide in a mammalian cell that include: (a) contacting a
mammalian cell expressing any of the single-chain chimeric polypeptides described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the single-chain chimeric polypeptide to the extracellular side of the

plasma membrane of the cell.
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Also provided herein are methods of reversibly altering the plasma membrane
localization of a single-chain chimeric polypeptide in a mammalian cell that include: (a)
contacting a mammalian cell expressing any of the single-chain chimeric polypeptides
described herein with an amount of a hormone or a hormone analogue sufficient to
induce localization of the single-chain chimeric polypeptide to the extracellular side of
the plasma membrane of the cell; and (b) contacting the mammalian cell with a reduced
amount of the hormone or the hormone analogue that results in a decreased level of the
single-chain chimeric polypeptide on the extracellular side of the plasma membrane of
the mammalian cell. Some embodiments of any of the methods described herein further
include: (c) contacting the mammalian cell with an increased amount of the hormone or
the hormone analogue that results in an increased level of the single-chain chimeric
polypeptide on the extracellular side of the plasma membrane of the cell as compared to
the level of in step (b). Some embodiments of any of the methods described herein
further include, before step (a), introducing a nucleic acid encoding the single-chain
chimeric polypeptide into a mammalian cell to generate the mammalian cell expressing
the single-chain chimeric polypeptide.

In some embodiments of any of the methods described herein, the mammalian
cell isa T cell. In some embodiments of any of the methods described herein, the T cell
is selected from the group of: a CD8" T cell, a CD4" T cell, a memory T cell, a Treg cell,
and natural killer T cell. In some embodiments of any of the methods described herein,
the mammalian cell is a mammalian cell previously obtained from a subject. In some
embodiments of any of the methods described herein, the subject has been identified or
diagnosed as having a cancer. Some embodiments of any of the methods described
herein further include: obtaining the mammalian cell from the subject.

In some embodiments of any of the methods described herein, the contacting
step(s) is performed in vitro. In some embodiments of any of the methods described
herein, the contacting step(s) is performed in a mammal.

Also provided herein are single-chain chimeric antigen receptors that include: an
extracellular antigen-binding domain; an extracellular hormone receptor ligand binding
domain; a transmembrane domain; an intracellular costimulatory domain; and an

intracellular immunoreceptor tyrosine-based activation motif (ITAM); where: the
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transmembrane domain and the extracellular hormone receptor ligand binding domain
directly abut each other or are separated by 1 to 700 amino acids; and the transmembrane
domain and the extracellular hormone receptor ligand binding domain are not both
present in a single endogenous single-chain polypeptide in a mammal. In some
embodiments of any of the single-chain chimeric antigen receptors described herein, the
extracellular antigen-binding domain is selected from the group consisting of: a scFv, a
(scFv)2, a VyH domain, and a Vnar domain. In some embodiments of any of the single-
chain chimeric antigen receptors described herein, the extracellular antigen-binding
domain is a scFv.

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the extracellular antigen-binding domain binds specifically to a single
antigen. In some embodiments of any of the single-chain chimeric antigen receptors, the
single antigen is a tumor antigen. In some embodiments of any of the single-chain
chimeric antigen receptors described herein, the tumor antigen is selected from the group
of: CD19, WT-1, CD22, L1-CAM, ROR-1, CD30, CD125, AFP, CEA, ETA, MAGE,
and MUCI16. In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the tumor antigen is CD19. In some embodiments of any of the single-
chain chimeric antigen receptors described herein, the extracellular antigen-binding
domain binds specifically to two different antigens. In some embodiments of any of the
single-chain chimeric antigen receptors described herein, at least one of the two different
antigens is a tumor antigen. In some embodiments of any of the single-chain chimeric
antigen receptors described herein, the tumor antigen is selected from the group of:
CD19, WT-1, CD22, L1-CAM, ROR-1, CD30, CD125, AFP, CEA, ETA, MAGE, and
MUCI16. In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the tumor antigen is CD19.

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the transmembrane domain is a transmembrane domain from: o chain of
a T cell receptor,  chain of the T cell receptor, C chain of the T cell receptor, CD28,
CD3g, CD39, CD3y, CD33, CD37, CD64, CD80, CD45, CD4, CD5, CD8a, CD9, CD16,
CD22, CD86, CD134, CD137, or CD154. In some embodiments of any of the single-

chain chimeric antigen receptors described herein, the extracellular hormone receptor
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ligand binding domain is a ligand binding domain from an estrogen receptor, a
progesterone receptor, or an androgen receptor. In some embodiments of any of the
single-chain chimeric antigen receptors described herein, the extracellular hormone
receptor ligand binding domain is a ligand binding domain from an estrogen receptor. In
some embodiments of any of the single-chain chimeric antigen receptors described
herein, the extracellular hormone receptor ligand binding domain is a ligand binding
domain from a human estrogen receptor. In some embodiments of any of the single-
chain chimeric antigen receptors described herein, the ligand binding domain of the
human estrogen receptor has a wildtype sequence, except that it comprises one or both of
a substitution at amino acid position 521 and a substitution at amino acid position 537,
each numbered relative to the full-length wildtype sequence of human hormone receptor.

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the intracellular costimulatory domain is a cytoplasmic costimulatory
domain from CD27, CD28, 4-1BB, 0X40, CD30, CD40L, CD40, PD-1, PD-L1, ICOS,
LFA-1, CD2, CD7, CD160, LIGHT, BTLA, TIM3, CD244, CD80, LAG3, NKG2C, or
B7-H3. In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the intracellular costimulatory domain is the cytoplasmic costimulatory
domain from 4-1BB or CD28. In some embodiments of any of the single-chain chimeric
antigen receptors described herein, the intracellular ITAM comprises a cytoplasmic
signaling sequence from CD3C.

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, the extracellular hormone receptor ligand binding domain and the
transmembrane domain directly abut each other. In some embodiments of any of the
single-chain chimeric antigen receptors described herein, the extracellular hormone
receptor ligand binding domain and the transmembrane domain are separated by 1 to 700
amino acids (e.g., 1 to 500 amino acids, 1 to 250 amino acids, 1 to 100 amino acids, 1 to
50 amino acids, or 1 to 25 amino acids).

In some embodiments of any of the single-chain chimeric antigen receptors
described herein, when going in the N-terminal to C-terminal direction, the single-chain
chimeric antigen receptor includes the extracellular antigen-binding domain, the

extracellular hormone receptor ligand binding domain, the transmembrane domain, the
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intracellular costimulatory domain, and the ITAM. In some embodiments of any of the
single-chain chimeric antigen receptors described herein, when going in the C-terminal to
the N-terminal direction, the single-chain chimeric antigen receptor includes the
extracellular antigen-binding domain, the extracellular hormone receptor ligand binding
domain, the transmembrane domain, the intracellular costimulatory domain, and the
ITAM. In some embodiments of any of the single-chain chimeric antigen receptors
described herein, when going in the N-terminal to the C-terminal direction, the single-
chain chimeric antigen receptor comprises the extracellular hormone receptor ligand
binding domain, the extracellular antigen-binding domain, the transmembrane domain,
the intracellular costimulatory domain, and the ITAM. In some embodiments of any of
the single-chain chimeric antigen receptors described herein, when going in the C-
terminal to the N-terminal direction, the single-chain chimeric polypeptide includes the
extracellular hormone receptor ligand binding domain, the extracellular antigen-binding
domain, the transmembrane domain, the intracellular costimulatory domain, and the
ITAM.

Also provided herein are nucleic acids that include a nucleotide sequence
encoding any of the single-chain chimeric antigen receptors described herein. Also
provided herein are vectors that include a nucleic acid that includes a nucleotide sequence
encoding any of the single-chain chimeric antigen receptors described herein. Also
provided are mammalian cells that include any of the vectors described herein. In some
embodiments of any of the mammalian cells described herein, the mammalian cell isa T
cell. In some embodiments of any of the mammalian cells described herein, the T cell is
selected from the group of: a CD8" T cell, a CD4" T cell, a memory T cell, a Treg cell,
and natural killer T cell.

Also provided are methods of inducing the plasma membrane localization of a
single-chain chimeric antigen receptor in a mammalian cell that include: (a) contacting a
mammalian cell expressing any of the single-chain chimeric antigen receptors described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the single-chain chimeric antigen-binding receptor to the extracellular side

of the plasma membrane of the cell.
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Also provided herein are methods of altering the plasma membrane localization of
a single-chain chimeric antigen receptor in a mammalian cell that include: (a) contacting
a mammalian cell expressing any of the single-chain chimeric antigen receptors described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the single-chain chimeric antigen-binding receptor to the extracellular side
of the plasma membrane of the cell; and (b) contacting the mammalian cell with an
amount of the hormone or the hormone analogue that results in a reduced level of the
single-chain chimeric antigen receptor on the extracellular side of the plasma membrane
of the cell. Some embodiments of any of the methods described herein further include:
(c) contacting the mammalian cell with an amount of the hormone or the hormone
analogue that results in an increased level of single-chain chimeric antigen receptor to the
extracellular side of the plasma membrane of the cell as compared to the level in (b).
Some embodiments of any of the methods described herein further include before step
(a): introducing a nucleic acid encoding the single-chain chimeric antigen receptor into a
mammalian cell to generate the mammalian cell expressing the single-chain chimeric
antigen receptor.

In some embodiments of any of the methods described herein, the mammalian
cell isa T cell. In some embodiments of any of the methods described herein, the T cell
is selected from the group of: a CD8" T cell, a CD4" T cell, a memory T cell, a Treg cell,
and a natural killer T cell. In some embodiments of any of the methods described herein,
the mammalian cell is a mammalian cell previously obtained from a subject. In some
embodiments of any of the methods described herein, the subject has been identified or
diagnosed as having a cancer. Some embodiments of any of the methods described
herein further include: obtaining the mammalian cell from the subject. In some
embodiments of any of the methods described herein, the contacting step(s) is performed
in vitro. In some embodiments of any of the methods described herein, the contacting
step(s) is performed in a mammal. In some embodiments of any of the methods
described herein, the mammal has a cancer. In some embodiments of any of the methods
described herein, the contacting step results in the treatment of the cancer in the mammal.

Also provided herein are multi-chain chimeric antigen receptors that include at

least one first polypeptide including: an extracellular antigen-binding domain; an
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extracellular hormone receptor ligand binding domain; and a transmembrane domain;
where: the transmembrane domain and the extracellular hormone receptor ligand binding
domain directly abut each other or are separated by 1 to 700 amino acids; and the
transmembrane domain and the extracellular hormone receptor ligand binding domain are
not both present in a single endogenous single-chain polypeptide in a mammal. In some
embodiments of any of the multi-chain chimeric antigen receptors described herein, the
extracellular antigen-binding domain is selected from the group consisting of: a scFv, a
(scFv)2, a VuH domain, and a Vnar domain. In some embodiments of any of the multi-
chain chimeric antigen receptors described herein, the extracellular antigen-binding
domain is a scFv.

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the extracellular antigen-binding domain binds specifically to a single
antigen. In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the single antigen is a tumor antigen. In some embodiments of any of
the multi-chain chimeric antigen receptors described herein, the tumor antigen is selected
from the group of: CD19, WT-1, CD22, L1-CAM, ROR-1, CD30, CD125, AFP, CEA,
ETA, MAGE, and MUC16. In some embodiments of any of the multi-chain chimeric
antigen receptors described herein, the tumor antigen is CD19. In some embodiments of
any of the multi-chain chimeric antigen receptors described herein, the extracellular
antigen-binding domain binds specifically to two different antigens. In some
embodiments of any of the multi-chain chimeric antigen receptors described herein at
least one of the two different antigens is a tumor antigen. In some embodiments of any of
the multi-chain chimeric antigen receptors described herein, the tumor antigen is selected
from the group of: CD19, WT-1, CD22, L1-CAM, ROR-1, CD30, CD125, AFP, CEA,
ETA, MAGE, and MUC16. In some embodiments of any of the multi-chain chimeric
antigen receptors described herein, the tumor antigen is CD19.

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the transmembrane domain is a transmembrane domain from: o chain of
a T cell receptor, B chain of the T cell receptor, { chain of the T cell receptor, CD28,
CD3g, CD39, CD3y, CD33, CD37, CD64, CD80, CD45, CD4, CD5, CD8a, CD9, CD16,
CD22, CD86, CD134, CD137, or CD154. In some embodiments of any of the multi-
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chain chimeric antigen receptors described herein, the hormone receptor ligand binding
domain is a ligand binding domain from an estrogen receptor, a progesterone receptor, or
an androgen receptor. In some embodiments of any of the multi-chain chimeric antigen
receptors described herein, the hormone receptor ligand binding domain is a ligand
binding domain from an estrogen receptor. In some embodiments of any of the multi-
chain chimeric antigen receptors described herein, the extracellular hormone receptor
ligand binding domain is a ligand binding domain from a human estrogen receptor. In
some embodiments of any of the multi-chain chimeric antigen receptors described herein,
the ligand binding domain of the human estrogen receptor has a wildtype sequence,
except that it includes one or both of a substitution at amino acid position 521 and a
substitution at amino acid position 537, each numbered relative to the full-length
wildtype sequence of human hormone receptor.

.In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the extracellular hormone receptor ligand binding domain and the
transmembrane domain directly abut each other. In some embodiments of any of the
multi-chain chimeric antigen receptors described herein, the extracellular hormone
receptor ligand binding domain and the transmembrane domain are separated by 1 to 700
amino acids (e.g., 1 to 500 amino acids, 1 to 250 amino acids, 1 to 100 amino acids, 1 to
50 amino acids, or 1 to 25 amino acids).

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, the at least one polypeptide further includes an intracellular
costimulatory domain. In some embodiments of any of the multi-chain chimeric antigen
receptors described herein, the intracellular costimulatory domain is a cytoplasmic
costimulatory domain from CD27, CD28, 4-1BB, 0X40, CD30, CD40L, CD40, PD-1,
PD-L1, ICOS, LFA-1, CD2, CD7, CD160, LIGHT, BTLA, TIM3, CD244, CD80, LAG3,
NKG2C, or B7-H3. In some embodiments of any of the multi-chain chimeric antigen
receptors described herein, the the intracellular costimulatory domain is the cytoplasmic
costimulatory domain from 4-1BB or CD28.

In some embodiments of any of the multi-chain chimeric antigen receptors
described herein, when going in the N-terminal to C-terminal direction, the at least one

first polypeptide includes the extracellular antigen-binding domain, the extracellular
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hormone receptor ligand binding domain, and the transmembrane domain. In some
embodiments of any of the multi-chain chimeric antigen receptors described herein, when
going in the C-terminal to N-terminal direction, the at least one first polypeptide includes
the extracellular antigen-binding domain, the extracellular hormone receptor ligand
binding domain, and the transmembrane domain. In some embodiments of any of the
multi-chain chimeric antigen receptors described herein, when going in the N-terminal to
C-terminal direction, the at least one first polypeptide includes the extracellular hormone
receptor ligand binding domain, the extracellular antigen-binding domain, and the
transmembrane domain. In some embodiments of any of the multi-chain chimeric
antigen receptors described herein, when going in the C-terminal to N-terminal direction,
the at least one first polypeptide includes the extracellular hormone receptor ligand
binding domain, the extracellular antigen-binding domain, and the transmembrane
domain.

Also provided herein are nucleic acids that encode any of the multi-chain
chimeric antigen receptors described herein. Also provided herein are sets of nucleic
acids that together encode any of the multi-chain chimeric antigen receptors described
herein. Also provided herein are mammalian cells that include a nucleic acid that
encodes any of the multi-chain chimeric antigen receptors described herein. Also
provided herein are mammalian cells that include a set of nucleic acids that together
encode any of the multi-chain chimeric antigen receptors described herein. In some
embodiments of any of the mammalian cells described herein, the mammalian cell isa T
cell. In some embodiments of any of the mammalian cells described herein, the T cell is
selected from the group consisting of: a CD8" T cell, a CD4" T cell, a memory T cell, a
Treg cell, and natural killer T cell.

Also provided herein are methods of inducing the plasma membrane localization
of a multi-chain chimeric antigen receptor in a mammalian cell that include: (a)
contacting a mammalian cell expressing any of the multi-chain chimeric antigen
receptors described herein with an amount of a hormone or a hormone analogue
sufficient to induce localization of the multi-chain chimeric antigen-binding receptor to

the extracellular side of the plasma membrane of the cell.
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Also provided herein are methods of altering the plasma membrane localization of
a multi-chain chimeric antigen receptor in a mammalian cell that include: (a) contacting a
mammalian cell expressing any of the multi-chain chimeric antigen receptors described
herein with an amount of a hormone or a hormone analogue sufficient to induce
localization of the multi-chain chimeric antigen-binding receptor to the extracellular side
of the plasma membrane of the cell; and (b) contacting the mammalian cell with an
amount of the hormone or the hormone analogue with an amount of the hormone or the
hormone analogue that results in a decreased level of the multi-chain chimeric antigen-
binding receptor on the extracellular side of the plasma membrane of the cell. Some
embodiments of any of the methods described herein further include: (c) contacting the
mammalian cell with an amount of the hormone or the hormone analogue that results in
an increase in the level of the multi-chain chimeric antigen-binding receptor on the
extracellular side of the plasma membrane of the cell. Some embodiments of any of the
methods described herein further include before step (a): introducing a nucleic acid
encoding the multi-chain chimeric antigen receptor or a set of nucleic acids that together
encode the multi-chain chimeric receptor, into a mammalian cell to generate the
mammalian cell expressing the multi-chain chimeric antigen receptor. In some
embodiments of any of the methods described herein, the mammalian cell is a T cell. In
some embodiments of any of the methods described herein, the T cell is selected from the
group of: a CD8" T cell, a CD4" T cell, a memory T cell, a Treg cell, and a natural killer
T cell. In some embodiments of any of the methods described herein, the mammalian
cell is a mammalian cell previously obtained from a subject. In some embodiments of
any of the methods described herein, the subject has been identified or diagnosed as
having a cancer. Some embodiments of any of the methods described herein further
include obtaining the mammalian cell from the subject. In some embodiments of any of
the methods described herein, the contacting step is performed in vitro. In some
embodiments of any of the methods described herein, the contacting step is performed in
a mammal. In some embodiments of any of the methods described herein, the mammal
has a cancer. In some embodiments of any of the methods described herein, the

contacting step results in the treatment of the cancer in the mammal.
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Also provided herein are methods of treating a cancer in a subject that include: (a)
administering to the subject a mammalian cell expressing any of the single-chain
chimeric antigen receptors described herein or any of the multi-chain chimeric antigen
receptors described herein, where the antigen binding domain binds specifically to an
antigen expressed by the cancer in the subject; (b) administering to the subject an amount
of a hormone or hormone sufficient to induce localization of the single-chain or multi-
chain chimeric antigen receptor to the extracellular side of the plasma membrane of the
cell; (c) determining the presence or severity of one or more symptoms associated with
toxicity or the level of one or more cytokines associated with a cytokine storm, or both, in
the subject following (b); (d) comparing the determined presence or severity of one or
more symptoms associated with toxicity or the determined level of one or more cytokines
associated with the cytokine storm, or both, to a control(s); and (e¢) administering to the
subject an amount of the hormone or hormone analogue sufficient to reduce the level of
the single-chain or multi-chain chimeric antigen receptor on the extracellular side of the
plasma membrane of the cell, such that the presence or severity of one or more symptoms
associated with toxicity or the level of one or more cytokines associated with a cytokine
storm, or both, is reduced in the subject after (e).

In some embodiments of any of the methods described herein, the amount of the
hormone or hormone analogue administered to the subject in step (e) is reduced by at
least 25% as compared to the amount of the hormone or hormone analogue administered
to the subject in step (b). In some embodiments of any of the methods described herein,
the amount of the hormone or hormone analogue administered to the subject in step (e) is
reduced by at least 50% as compared to the amount of the hormone or hormone analogue
administered to the subject in step (b). In some embodiments of any of the methods
described herein, the amount of the hormone or hormone analogue administered to the
subject in step (e) is reduced by at least 75% as compared to the level of the hormone or
hormone analogue administered to the subject in step (b). In some embodiments of any
of the methods described herein, the amount of the hormone or hormone analogue
administered to the subject in step (e) is reduced by 100% as compared to the level of the

hormone or hormone analogue administered to the subject in step (b).
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In some embodiments of any of the methods described herein, the one or more
symptoms associated with toxicity are selected from the group of: high fever, swelling,
chills, hypotension, tachycardia, asthenia, headache, rash, scratchy throat, dyspnea,
redness, extreme fatigue, nausea, and cerebral edema. In some embodiments of any of
the methods described herein, the one or more cytokines associated with a cytokine storm
are selected from the group of: include tumor necrosis factor-alpha, IFNy, IL-10, IL-1,
IL-2, IL-6, IL-8, and IL-10, granulocyte macrophage—colony-stimulating factor (GM-
CSF), and IL-5.

The use of the term “a” before a noun is meant “one or more” of the particular
noun. For example, the phrase “a mammalian cell” means “one or more mammalian
cell.”

The term “single-chain chimeric polypeptide” means a single-chain polypeptide
that includes a first contiguous amino acid sequence (e.g., a first domain) and a second
contiguous amino acid sequence (e.g., a second domain), where the first contiguous
amino acid sequence and the second contiguous amino acid sequence are not present in
the same endogenous single-chain polypeptide in a mammal. In some examples, the first
contiguous amino acid sequence and the second contiguous amino acid sequence directly
abut each other in the single-chain chimeric polypeptide. In some examples, the first
contiguous amino acid sequence and the second contiguous amino acid sequence are
separated by one or more intervening amino acids (e.g., one or more domains). The term
“single-chain chimeric polypeptide” is not meant to limit in any way the relative
positioning of the first contiguous amino acid sequence and the second contiguous
sequence in the single-chain polypeptide. Non-limiting examples of single-chain
chimeric polypeptides (e.g., single-chain chimeric antigen receptors) are described
herein. Additional examples of single-chain chimeric polypeptides (e.g., single-chain
chimeric antigen receptors) are known in the art.

The terms “chimeric antigen receptor” and “CAR” are used interchangeably
herein, and refer to artificial multi-module molecules capable of triggering or inhibiting
the activation of an immune cell which generally but not exclusively comprise an
extracellular domain (e.g., a ligand/antigen binding domain), a transmembrane domain

and one or more intracellular signaling domains. CAR molecules and derivatives thereof
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(e.g., CAR variants) are described, e.g., in PCT Application No. US2014/016527,
Fedorov et al. Sci Transl Med (2013) ;5(215):215ral72; Glienke et al. Front Pharmacol
(2015) 6:21; Kakarla & Gottschalk 52 Cancer J (2014) 20(2):151-5; Riddell et al. Cancer
J(2014) 20(2):141-4; Pegram et al. Cancer J (2014) 20(2):127-33; Cheadle et al.
Immunol Rev (2014) 257(1):91-106; Barrett et al. Annu Rev Med (2014) 65:333-47,;
Sadelain et al. Cancer Discov (2013) 3(4):388-98; Cartellieri et al., J Biomed Biotechnol
(2010) 956304; the disclosures of which are incorporated herein by reference in their
entirety.

The term “multi-chain chimeric polypeptide” means a polypeptide including two
or more single-chain polypeptides, where at least one of the two or more single-chain
polypeptides is a single-chain chimeric polypeptide as defined and described herein.
Non-limiting examples of multi-chain chimeric polypeptides (e.g., multi-chain chimeric
antigen receptors) are described herein. Additional examples of multi-chain chimeric
polypeptides (e.g., multi-chain chimeric antigen receptors) are known in the art.

The term “transmembrane domain” means a domain of a polypeptide that
includes at least one contiguous amino acid sequence that traverses a lipid bilayer when
present in the corresponding endogenous polypeptide when expressed in a mammalian
cell. For example, a transmembrane domain can include one, two, three, four, five, six,
seven, eight, nine, or ten contiguous amino acid sequences that each traverse a lipid
bilayer when present in the corresponding endogenous polypeptide when expressed in a
mammalian cell. As is known in the art, a transmembrane domain can, e.g., include at
least one (e.g., two, three, four, five, six, seven, eight, nine, or ten) contiguous amino acid
sequence (that traverses a lipid bilayer when present in the corresponding endogenous
polypeptide when expressed in a mammalian cell) that has a-helical secondary structure
in the lipid bilayer. In some embodiments, a transmembrane domain can include two or
more contiguous amino acid sequences (that each traverse a lipid bilayer when present in
the corresponding endogenous polypeptide when expressed in a mammalian cell) that
form a B-barrel secondary structure in the lipid bilayer. Non-limiting examples of
transmembrane domains are described herein. Additional examples of transmembrane

domains are known in the art.
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The phrase “extracellular side of the plasma membrane” when used to describe
the location of a polypeptide means that the polypeptide includes at least one
transmembrane domain that traverses the plasma membrane and at least one domain (e.g.,
at least one antigen-binding domain) that is located in the extracellular space.

The term “hormone receptor ligand binding domain” means a domain in a
hormone receptor polypeptide that binds specifically to a hormone or a hormone
analogue. Non-limiting examples of a hormone receptor ligand binding domains (LBD)
are described herein. In some cases, a LBD of a nuclear hormone receptor is selected
from an estrogen receptor, an ecdysone receptor, a PPARy receptor, a glucocorticoid
receptor, an androgen receptor, a thyroid hormone receptor, a mineralocorticoid receptor,
a progesterone receptor, a vitamin D receptor, a PPAR receptora, a PPARP/S receptor, a
pregnane X receptor, a liver X receptor, a farnesoid X receptor, a retinoid X receptor, a
RAR-related orphan receptor, and a retinoic acid receptor. In some cases, a polypeptide
chain of a heterodimeric polypeptide of the present disclosure comprises a single LBD of
a nuclear hormone receptor. In some cases, a polypeptide chain of a heterodimeric
polypeptide of the present disclosure comprises multiple (e.g., two or more) LBDs of a
nuclear hormone receptor. In some cases, a polypeptide chain of a heterodimeric
polypeptide of the present disclosure comprises two LBDs of a nuclear hormone receptor.
In some cases, a polypeptide chain of a heterodimeric polypeptide of the present
disclosure comprises three LBDs of a nuclear hormone receptor. Where a polypeptide
chain of a heterodimeric polypeptide of the present disclosure comprises multiple (e.g.,
two or more) LBDs of a nuclear hormone receptor, in some cases the multiple LBDs
comprise identical amino acid sequences. In some cases, the two or more LBD are in
tandem, either directly or separated by a linker (e.g., any of the linkers described herein).

The term “antigen-binding domain” means a domain that binds specifically to a
target antigen. In some examples, an antigen-binding domain can be formed from the
amino acids present within a single-chain polypeptide. In other examples, an antigen-
binding domain can be formed from amino acids present within a first single-chain
polypeptide and the amino acids present in one or more additional single-chain
polypeptides (e.g., a second single-chain polypeptide). Non-limiting examples of
antigen-binding domains are described herein, including, without limitation, scFvs, or
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LBDs of growth factors. Additional examples of antigen-binding domains are known in
the art.

As used herein, the term “antigen” refers generally to a binding partner
specifically recognized by an antigen-binding domain described herein. Exemplary
antigens include different classes of molecules, such as, but not limited to, polypeptides
and peptide fragments thereof, small molecules, lipids, carbohydrates, and nucleic acids.
Non-limiting examples of antigen or antigens that can be specifically bound by any of the
antigen-binding domains are described herein. Additional examples of antigen or
antigens that can be specifically bound by any of the antigen-binding domains are known
in the art.

The term “costimulatory domain” means a signaling domain from an endogenous
co-stimulatory transmembrane polypeptide expressed in a T lymphocyte that promotes
the downstream T-cell receptor signaling and/or T cell activation. Non-limiting examples
of costimulatory domains are described herein. Additional examples of costimulatory
domains are known in the art. See, e.g., Chen et al., Nature Reviews Immunol. 13:227-
242,2013.

The term “immunoreceptor tyrosine-based activation motif” or “ITAM)” means
an amino acid motif that includes a four amino-acid consensus sequence of a tyrosine
separated from a leucine or an isoleucine by two other amino acids (YxxL/I). The
tyrosine residue in the four-amino acid consensus sequence becomes phosphorylated
following interaction of a signaling pathway kinase (e.g., a lymphocyte signaling
pathway kinase). Non-limiting examples of ITAMs are described herein. Additional
examples of ITAMs are known in the art.

The term “hormone” means a naturally-occurring molecule that specifically binds
to a ligand binding domain of a hormone receptor and regulates the activity and/or
location of the hormone receptor. Non-limiting examples of hormones are described
herein. Additional examples of hormones are known in the art.

The term “hormone analogue” means a molecule that mimics the structure of a
hormone and specifically binds to a ligand binding domain of a hormone receptor. Non-
limiting examples of hormone analogues are described herein. Additional examples of

hormone analogues are known in the art.
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The phrase “treatment of cancer” means a reduction in the number, frequency, or
severity of one or more (e.g., two, three, four, or five) symptoms of a cancer in a subject
having a cancer. Non-limiting symptoms of cancer are described herein. Additional
symptoms of cancer are known in the art.

Unless otherwise defined, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
invention belongs. Methods and materials are described herein for use in the present
invention; other, suitable methods and materials known in the art can also be used. The
materials, methods, and examples are illustrative only and not intended to be limiting.
All publications, patent applications, patents, sequences, database entries, and other
references mentioned herein are incorporated by reference in their entirety. In case of
conflict, the present specification, including definitions, will control.

Other features and advantages of the invention will be apparent from the

following detailed description and figures, and from the claims.

BRIEF DESCRIPTION OF DRAWINGS

Fig. 1 is a diagram of different constructs tested. The labels extracellular and
intracellular refer to the cell membrane, which is depicted as a gray box between these
labels. The extracellular scFv domain, and intracellular costimulatory (“Costim”),
CD3zeta, and mCherry domains are indicated.

Fig. 2 is a set of flow cytometry dot plots for cells expressing one of the different
constructs. The cells were either left untreated or were treated with 500 ng/mL 4-
hydroxytamoxifen (“4-OHT”). (A) Jurkat T cells transduced with lentiviral vectors
encoding the canonical CAR or with anti-CD19 (FMC63) ERa-LBD containing the v2,
v3, and v4 CAR constructs. (B) Primary CD4 and CD8 human T cells were transduced
with lentiviral vectors encoding the v4 CAR construct.

Fig. 3 is a set of flow cytometry dot plots for HEK-293T cells transduced with
lentiviral vectors encoding ERa-LBD-containing FMC63 CAR fusions. The cells were
either left untreated or were treated with 500 ng/mL 4-OHT.

Fig. 4 is a set of flow cytometry dot plots for primary human CD4 T cells
transduced with lentiviral vectors encoding a FMC63 NHR LBD-CAR fusions and a
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NHR LBD-CAR having the J6MO scFv. The cells were either left untreated or were
treated with 500 ng/mL 4-OHT.

Fig. 5A is a diagram of the V5 nuclear hormone receptor ligand binding domain
NHR-LBD CAR construct lacking the costimulatory and CD3zeta domains, and a set of
flow cytometry dot plots for cells transduced with a lentiviral vector encoding the V5
construct. The cells were either left untreated or were treated with 500 ng/mL 4-OHT.

Fig. 5B is a set of flow cytometry diagrams of untransduced Jurkat T cells or
Jurkat T cells transduced with a lentiviral vector encoding a CAR in which the scFv
domain was replaced with a FLAG tag. The transduced cells were either left untreated or
were treated with 500 ng/mL 4-OHT.

Fig. 6 is a set of flow cytometry diagrams of Jurkat T cells transduced with CAR
constructs having progesterone receptor LBDs. The cells were either left untreated or
were treated with 500 ng/mL mifepristone.

Fig. 7A is a graph showing T cell activation of primary human T cells transduced
with lentiviral vectors encoding J6M0-ERa-LBD CAR construct after overnight co-
culture with antigen-negative (K562 cell line) and antigen-positive (MM1S cell line)
targets.

Fig, 7B is a graph showing IFN-y production by primary human T cells
transduced with lentiviral vectors encoding JoM0-ERa-LBD CAR construct after
overnight co-culture with antigen-negative (K562 cell line) and antigen-positive (MM1S
cell line) targets.

Fig. 8A is a set of flow cytometry diagrams showing proliferation of primary
human CD4 T cells that were transduced with lentiviral vectors encoding V4 FMC63-
ERa-LBD CAR or canonical CAR controls, co-cultured with either antigen-negative
(K562 cell line) or antigen-positive (Raji cell line) targets, and with increasing
concentrations of ligand 4-OHT.

Fig. 8B is graph showing lysis of antigen-positive targets (MMIS cell line)
mediated by primary human T cells transduced with lentiviral vectors encoding J6MO-

ERa-LBD CAR constructs with increasing concentrations of 4-OHT.
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Fig. 9 is a graph showing surface expression of various CAR constructs having a
LBD at different locations relative to the cell membrane at increasing concentrations of
4-OHT.

Fig. 10A is a schematic showing timeline of the experimental procedure.

Fig. 10B is a bar graph showing surface expression of various CAR constructs
before and after co-culture with 4-OHT.

Fig. 11A is a set of flow cytometry diagrams showing Jurkat T cells that were
transduced with the FLAG-ERa-LBD CAR, and left untreated or treated with 4-OHT for
15 or 120 minutes.

Fig. 11B is a set of flow cytometry diagrams showing human T cells that were
transduced with lentiviral vector encoding the FMC63-ERa-LBD CAR, and left untreated
or treated with 4-OHT for 2 hours, 4 hours, or 24 hours.

Fig. 12 is a set of flow cytometry diagrams of primary human T cells expressing
FMC63-CARs having ERa LBDs. The cells were either left untreated or were treated
with 500 ng/mL 4-OHT. Some samples were pretreated with 1 uM Brefeldin A.

Fig. 13 is a diagram of the v2 CAR construct and ECD.vl CAR (also called LBD-
ECD CAR) construct tested. The cellular membrane is depicted as a gray box. The
extracellular scFv domain, the extracellular ERa LBD, the transmembrane domain
(embedded in the cellular membrane), the intracellular 4-1BB domain, and the
intracellular CD3y domain are depicted.

Fig. 14 depicts a set of flow cytometry dot plots for cells expressing the v2 CAR
construct or LBD-ECD CAR construct. The cells were either left untreated or were
treated with 500 ng/mL 4-hydroxytamoxifen (“4-OHT”).

Fig. 15 is a graph showing the destruction of Nalm 6 tumor cells (% lysis) by T
cells transduced with a lentiviral vector encoding LBD-ECD CAR construct (ECD.v1).
Cells were treated with between 1.5 ng/mL to 500 ng/mL 4-OHT. The positive control
was T cells transduced with a lentiviral vector encoding constitutive CAR. The negative
control was T cells with LBD-ECD CAR that were not treated with 4-OHT.

Fig. 16 depicts a set of flow cytometry dot plots for cells expressing a constitutive
CAR, LBD-ECD CAR, or v2 CAR. Cells were either left untreated, or stimulated with
beads containing a CD3/CD28 for 48 hours prior to flow cytometry. Beads, Dynabeads
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aCD3/aCD28, were from ThermoFisher. See, Trickett et al., J. Immunol. Methods
275:251-255, 2003. Each construct was fused to a cMyc tag.

Fig. 17 is a graph showing IL-2 production from ECD.vl CAR-T cells or
conventional CAR-Tcells after overnight co-culture of the CAR-bearing T cells with
NALM-6 targets in the presence (500 ng/mL) or absence of 4-hydroxytamoxifen.

DETAILED DESCRIPTION

Provided herein are single-chain chimeric polypeptides, single-chain chimeric
antigen receptors (CARs), and multi-chain chimeric antigen receptors; nucleic acids
encoding the same; vectors including any of these nucleic acids; mammalian cells
including any of these vectors; and methods of reversibly inducing the extracellular
membrane localization and methods of altering the membrane localization of these
single-chain chimeric polypeptides, single-chain chimeric antigen receptors, and multi-
chain chimeric polypeptides.

Also provided herein are genetically modified mammalian cells having a chimeric
antigen receptor (CAR). In some cases, a genetically modified mammalian cell is
derived from a stem cell, a progenitor cell, or a cell derived from a stem cell or a
progenitor cell. In some cases, the mammalian cell is a T lymphocyte or an NK cell.

Non-limiting aspects of these single-chain chimeric polypeptides, single-chain
chimeric antigen receptors, and multi-chain chimeric antigen receptors, nucleic acids,
vectors, mammalian cells, and methods are described below, and can be used in any
combination without limitation. Additional aspects of these single-chain chimeric
polypeptides, single-chain chimeric antigen receptors, and multi-chain chimeric antigen
receptors, nucleic acids, vectors, mammalian cells, and methods are known in the art.

In some embodiments, compositions and/or methods disclosed herein can be used
to selectively kill cancer cells in a subject in the presence of a hormone or hormone
analogue which binds to an LBD present in the polypeptide (e.g., a single-chain chimeric
polypeptide, a single-chain chimeric antigen receptor, and/or a multi-chain chimeric
antigen receptor). In some embodiments, in the presence of the hormone or hormone
analogue, the polypeptide (e.g., the single-chain chimeric polypeptide, the single-chain

chimeric antigen receptor, and/or the multi-chain chimeric antigen receptor) localizes to
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the extracellular surface, presenting an antigen binding domain (e.g., an scFv or other
antigen-binding domain described herein or known in the art) on the exterior of the cell.
The polypeptide (e.g., single-chain chimeric polypeptide, single-chain chimeric antigen
receptor, or multi-chain chimeric antigen receptor) can recognize the antigen to which it
binds, and thus can selectively kill a target cell expressing the antigen on its surface (e.g.,
a cancer cell).

In some embodiments, localization of the polypeptide (e.g., the single-chain
chimeric polypeptide, the single-chain chimeric antigen receptor, or the multi-chain
chimeric antigen receptor) to the extracellular surface can cause toxicity in the subject.
In some embodiments, a subject experiencing toxicity to due hormone or hormone-
analogue-induced localization of the polypeptide (e.g., the single-chain chimeric
polypeptide, the single-chain chimeric antigen receptor, or the multi-chain chimeric
antigen receptor) to the extracellular surface can be treated or ameliorated by reducing
the dose of the hormone or hormone analogue, or eliminating hormone or hormone
analogue treatment of the subject altogether. Such reduction in dose or elimination of
hormone or hormone analogue treatment can cause the polypeptide (e.g., the single-chain
chimeric polypeptide, the single-chain chimeric antigen receptor, or the multi-chain
chimeric polypeptide) to be removed from the cell surface and reduce or eliminate
presentation of the antigen binding domain on the cell surface, thus reducing or

eliminating toxicity in the subject.

Single-Chain Chimeric Polypeptide

Single-Chain Chimeric Polypeptide — Intracellular Hormone Receptor LBD

Provided herein are single-chain chimeric polypeptides that include a
transmembrane domain (e.g., any of the transmembrane domains described herein or
known in the art) and a hormone receptor ligand binding domain (e.g., any of the
hormone receptor ligand binding domains described herein or known in the art), where
the transmembrane domain and the hormone receptor ligand binding domain directly abut
each other or are separated by 1 to about 800 amino acids (e.g., or any of the subranges of

this range described herein), and the transmembrane domain and the hormone receptor
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ligand binding domain are not both present in the same (a single) endogenous single-
chain polypeptide in a mammal (e.g., a human).

In some examples of the single-chain chimeric polypeptides, the transmembrane
domain directly abuts the hormone receptor ligand binding domain (i.e., no intervening
amino acids between the transmembrane domain and the hormone receptor ligand
binding domain). In some examples of the single-chain chimeric polypeptides, the
transmembrane domain and the hormone receptor ligand binding domain are separated
by: 1 amino acid to about 800 amino acids, about 780 amino acids, about 760 amino
acids, about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680
amino acids, about 660 amino acids, about 640 amino acids, about 620 amino acids,
about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540 amino
acids, about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480
amino acids, about 470 amino acids, about 460 amino acids, about 450 amino acids,
about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410 amino
acids, about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370
amino acids, about 360 amino acids, about 350 amino acids, about 340 amino acids,
about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300 amino
acids, about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260
amino acids, about 250 amino acids, about 240 amino acids, about 230 amino acids,
about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195 amino
acids, about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175
amino acids, about 170 amino acids, about 165 amino acids, about 160 amino acids,
about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140 amino
acids, about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120
amino acids, about 115 amino acids, about 110 amino acids, about 105 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65 amino
acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45 amino
acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, about 25 amino
acids, about 20 amino acids, about 18 amino acids, about 16 amino acids, about 14 amino

acids, about 12 amino acids, about 10 amino acids, about 8 amino acids, about 6 amino
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acids, about 5 amino acids, about 4 amino acids, or about 3 amino acids (inclusive); about
2 amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600
amino acids, about 580 amino acids, about 560 amino acids, about 540 amino acids,
about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480 amino
acids, about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440
amino acids, about 430 amino acids, about 420 amino acids, about 410 amino acids,
about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370 amino
acids, about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330
amino acids, about 320 amino acids, about 310 amino acids, about 300 amino acids,
about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260 amino
acids, about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220
amino acids, about 210 amino acids, about 200 amino acids, about 195 amino acids,
about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175 amino
acids, about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155
amino acids, about 150 amino acids, about 145 amino acids, about 140 amino acids,
about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120 amino
acids, about 115 amino acids, about 110 amino acids, about 105 amino acids, about 100
amino acids, about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80
amino acids, about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60
amino acids, about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40
amino acids, about 35 amino acids, about 30 amino acids, about 25 amino acids, about 20
amino acids, about 18 amino acids, about 16 amino acids, about 14 amino acids, about 12
amino acids, about 10 amino acids, about 8 amino acids, about 6 amino acids, about 5
amino acids, or about 4 amino acids (inclusive); about 3 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500

amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,
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about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino
acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185
amino acids, about 180 amino acids, about 175 amino acids, about 170 amino acids,
about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150 amino
acids, about 145 amino acids, about 140 amino acids, about 135 amino acids, about 130
amino acids, about 125 amino acids, about 120 amino acids, about 115 amino acids,
about 110 amino acids, about 105 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino
acids, about 50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino
acids, about 30 amino acids, about 25 amino acids, about 20 amino acids, about 18 amino
acids, about 16 amino acids, about 14 amino acids, about 12 amino acids, about 10 amino
acids, about 8 amino acids, about 6 amino acids, or about 5 amino acids (inclusive); about
4 amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600
amino acids, about 580 amino acids, about 560 amino acids, about 540 amino acids,
about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480 amino
acids, about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440
amino acids, about 430 amino acids, about 420 amino acids, about 410 amino acids,
about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370 amino
acids, about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330
amino acids, about 320 amino acids, about 310 amino acids, about 300 amino acids,
about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260 amino

acids, about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220
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amino acids, about 210 amino acids, about 200 amino acids, about 195 amino acids,
about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175 amino
acids, about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155
amino acids, about 150 amino acids, about 145 amino acids, about 140 amino acids,
about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120 amino
acids, about 115 amino acids, about 110 amino acids, about 105 amino acids, about 100
amino acids, about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80
amino acids, about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60
amino acids, about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40
amino acids, about 35 amino acids, about 30 amino acids, about 25 amino acids, about 20
amino acids, about 18 amino acids, about 16 amino acids, about 14 amino acids, about 12
amino acids, about 10 amino acids, about 8 amino acids, or about 6 amino acids
(inclusive); about 5 amino acids to about 800 amino acids, about 780 amino acids, about
760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino acids,
about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620 amino
acids, about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540
amino acids, about 520 amino acids, about 500 amino acids, about 490 amino acids,
about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450 amino
acids, about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410
amino acids, about 400 amino acids, about 390 amino acids, about 380 amino acids,
about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340 amino
acids, about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300
amino acids, about 290 amino acids, about 280 amino acids, about 270 amino acids,
about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230 amino
acids, about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195
amino acids, about 190 amino acids, about 185 amino acids, about 180 amino acids,
about 175 amino acids, about 170 amino acids, about 165 amino acids, about 160 amino
acids, about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140
amino acids, about 135 amino acids, about 130 amino acids, about 125 amino acids,
about 120 amino acids, about 115 amino acids, about 110 amino acids, about 105 amino

acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85

36



10

15

20

25

30

1002842719

amino acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65
amino acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45
amino acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, about 25
amino acids, about 20 amino acids, about 18 amino acids, about 16 amino acids, about 14
amino acids, about 12 amino acids, about 10 amino acids, or about 8 amino acids
(inclusive); about 6 amino acids to about 800 amino acids, about 780 amino acids, about
760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino acids,
about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620 amino
acids, about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540
amino acids, about 520 amino acids, about 500 amino acids, about 490 amino acids,
about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450 amino
acids, about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410
amino acids, about 400 amino acids, about 390 amino acids, about 380 amino acids,
about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340 amino
acids, about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300
amino acids, about 290 amino acids, about 280 amino acids, about 270 amino acids,
about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230 amino
acids, about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195
amino acids, about 190 amino acids, about 185 amino acids, about 180 amino acids,
about 175 amino acids, about 170 amino acids, about 165 amino acids, about 160 amino
acids, about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140
amino acids, about 135 amino acids, about 130 amino acids, about 125 amino acids,
about 120 amino acids, about 115 amino acids, about 110 amino acids, about 105 amino
acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85
amino acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65
amino acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45
amino acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, about 25
amino acids, about 20 amino acids, about 18 amino acids, about 16 amino acids, about 14
amino acids, about 12 amino acids, about 10 amino acids, or about 8 amino acids
(inclusive); about 8 amino acids to about 800 amino acids, about 780 amino acids, about

760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino acids,
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about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620 amino
acids, about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540
amino acids, about 520 amino acids, about 500 amino acids, about 490 amino acids,
about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450 amino
acids, about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410
amino acids, about 400 amino acids, about 390 amino acids, about 380 amino acids,
about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340 amino
acids, about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300
amino acids, about 290 amino acids, about 280 amino acids, about 270 amino acids,
about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230 amino
acids, about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195
amino acids, about 190 amino acids, about 185 amino acids, about 180 amino acids,
about 175 amino acids, about 170 amino acids, about 165 amino acids, about 160 amino
acids, about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140
amino acids, about 135 amino acids, about 130 amino acids, about 125 amino acids,
about 120 amino acids, about 115 amino acids, about 110 amino acids, about 105 amino
acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85
amino acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65
amino acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45
amino acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, about 25
amino acids, about 20 amino acids, about 18 amino acids, about 16 amino acids, about 14
amino acids, about 12 amino acids, or about 10 amino acids (inclusive); about 10 amino
acids to about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740
amino acids, about 720 amino acids, about 700 amino acids, about 680 amino acids,
about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600 amino
acids, about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520
amino acids, about 500 amino acids, about 490 amino acids, about 480 amino acids,
about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440 amino
acids, about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400
amino acids, about 390 amino acids, about 380 amino acids, about 370 amino acids,

about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330 amino
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acids, about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290
amino acids, about 280 amino acids, about 270 amino acids, about 260 amino acids,
about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220 amino
acids, about 210 amino acids, about 200 amino acids, about 195 amino acids, about 190
amino acids, about 185 amino acids, about 180 amino acids, about 175 amino acids,
about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155 amino
acids, about 150 amino acids, about 145 amino acids, about 140 amino acids, about 135
amino acids, about 130 amino acids, about 125 amino acids, about 120 amino acids,
about 115 amino acids, about 110 amino acids, about 105 amino acids, about 100 amino
acids, about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino
acids, about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60 amino
acids, about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40 amino
acids, about 35 amino acids, about 30 amino acids, about 25 amino acids, about 20 amino
acids, about 18 amino acids, about 16 amino acids, about 14 amino acids, or about 12
amino acids (inclusive); about 12 amino acids to about 800 amino acids, about 780 amino
acids, about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700
amino acids, about 680 amino acids, about 660 amino acids, about 640 amino acids,
about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560 amino
acids, about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490
amino acids, about 480 amino acids, about 470 amino acids, about 460 amino acids,
about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420 amino
acids, about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380
amino acids, about 370 amino acids, about 360 amino acids, about 350 amino acids,
about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310 amino
acids, about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270
amino acids, about 260 amino acids, about 250 amino acids, about 240 amino acids,
about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200 amino
acids, about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180
amino acids, about 175 amino acids, about 170 amino acids, about 165 amino acids,
about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145 amino

acids, about 140 amino acids, about 135 amino acids, about 130 amino acids, about 125
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amino acids, about 120 amino acids, about 115 amino acids, about 110 amino acids,
about 105 amino acids, about 100 amino acids, about 95 amino acids, about 90 amino
acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino
acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about 50 amino
acids, about 45 amino acids, about 40 amino acids, about 35 amino acids, about 30 amino
acids, about 25 amino acids, about 20 amino acids, about 18 amino acids, about 16 amino
acids, or about 14 amino acids (inclusive); about 14 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,
about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino
acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185
amino acids, about 180 amino acids, about 175 amino acids, about 170 amino acids,
about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150 amino
acids, about 145 amino acids, about 140 amino acids, about 135 amino acids, about 130
amino acids, about 125 amino acids, about 120 amino acids, about 115 amino acids,
about 110 amino acids, about 105 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino
acids, about 50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino
acids, about 30 amino acids, about 25 amino acids, about 20 amino acids, about 18 amino
acids, or about 16 amino acids (inclusive); about 16 amino acids to about 800 amino

acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
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amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,
about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino
acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185
amino acids, about 180 amino acids, about 175 amino acids, about 170 amino acids,
about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150 amino
acids, about 145 amino acids, about 140 amino acids, about 135 amino acids, about 130
amino acids, about 125 amino acids, about 120 amino acids, about 115 amino acids,
about 110 amino acids, about 105 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino
acids, about 50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino
acids, about 30 amino acids, about 25 amino acids, about 20 amino acids, or about 18
amino acids (inclusive); about 18 amino acids to about 800 amino acids, about 780 amino
acids, about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700
amino acids, about 680 amino acids, about 660 amino acids, about 640 amino acids,
about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560 amino
acids, about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490
amino acids, about 480 amino acids, about 470 amino acids, about 460 amino acids,
about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420 amino
acids, about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380
amino acids, about 370 amino acids, about 360 amino acids, about 350 amino acids,

about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310 amino
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acids, about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270
amino acids, about 260 amino acids, about 250 amino acids, about 240 amino acids,
about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200 amino
acids, about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180
amino acids, about 175 amino acids, about 170 amino acids, about 165 amino acids,
about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145 amino
acids, about 140 amino acids, about 135 amino acids, about 130 amino acids, about 125
amino acids, about 120 amino acids, about 115 amino acids, about 110 amino acids,
about 105 amino acids, about 100 amino acids, about 95 amino acids, about 90 amino
acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino
acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about 50 amino
acids, about 45 amino acids, about 40 amino acids, about 35 amino acids, about 30 amino
acids, about 25 amino acids, or about 20 amino acids (inclusive); about 20 amino acids to
about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740 amino
acids, about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660
amino acids, about 640 amino acids, about 620 amino acids, about 600 amino acids,
about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520 amino
acids, about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470
amino acids, about 460 amino acids, about 450 amino acids, about 440 amino acids,
about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400 amino
acids, about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360
amino acids, about 350 amino acids, about 340 amino acids, about 330 amino acids,
about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290 amino
acids, about 280 amino acids, about 270 amino acids, about 260 amino acids, about 250
amino acids, about 240 amino acids, about 230 amino acids, about 220 amino acids,
about 210 amino acids, about 200 amino acids, about 195 amino acids, about 190 amino
acids, about 185 amino acids, about 180 amino acids, about 175 amino acids, about 170
amino acids, about 165 amino acids, about 160 amino acids, about 155 amino acids,
about 150 amino acids, about 145 amino acids, about 140 amino acids, about 135 amino
acids, about 130 amino acids, about 125 amino acids, about 120 amino acids, about 115

amino acids, about 110 amino acids, about 105 amino acids, about 100 amino acids,
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about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids,
about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60 amino acids,
about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40 amino acids,
about 35 amino acids, about 30 amino acids, or about 25 amino acids (inclusive); about
25 amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600
amino acids, about 580 amino acids, about 560 amino acids, about 540 amino acids,
about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480 amino
acids, about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440
amino acids, about 430 amino acids, about 420 amino acids, about 410 amino acids,
about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370 amino
acids, about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330
amino acids, about 320 amino acids, about 310 amino acids, about 300 amino acids,
about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260 amino
acids, about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220
amino acids, about 210 amino acids, about 200 amino acids, about 195 amino acids,
about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175 amino
acids, about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155
amino acids, about 150 amino acids, about 145 amino acids, about 140 amino acids,
about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120 amino
acids, about 115 amino acids, about 110 amino acids, about 105 amino acids, about 100
amino acids, about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80
amino acids, about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60
amino acids, about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40
amino acids, about 35 amino acids, or about 30 amino acids (inclusive); about 30 amino
acids to about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740
amino acids, about 720 amino acids, about 700 amino acids, about 680 amino acids,
about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600 amino
acids, about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520

amino acids, about 500 amino acids, about 490 amino acids, about 480 amino acids,
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about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440 amino
acids, about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400
amino acids, about 390 amino acids, about 380 amino acids, about 370 amino acids,
about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330 amino
acids, about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290
amino acids, about 280 amino acids, about 270 amino acids, about 260 amino acids,
about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220 amino
acids, about 210 amino acids, about 200 amino acids, about 195 amino acids, about 190
amino acids, about 185 amino acids, about 180 amino acids, about 175 amino acids,
about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155 amino
acids, about 150 amino acids, about 145 amino acids, about 140 amino acids, about 135
amino acids, about 130 amino acids, about 125 amino acids, about 120 amino acids,
about 115 amino acids, about 110 amino acids, about 105 amino acids, about 100 amino
acids, about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino
acids, about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60 amino
acids, about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40 amino
acids, or about 35 amino acids (inclusive); about 35 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,
about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino
acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185

amino acids, about 180 amino acids, about 175 amino acids, about 170 amino acids,
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about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150 amino
acids, about 145 amino acids, about 140 amino acids, about 135 amino acids, about 130
amino acids, about 125 amino acids, about 120 amino acids, about 115 amino acids,
about 110 amino acids, about 105 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino
acids, about 50 amino acids, about 45 amino acids, or about 40 amino acids (inclusive);
about 40 amino acids to about 800 amino acids, about 780 amino acids, about 760 amino
acids, about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680
amino acids, about 660 amino acids, about 640 amino acids, about 620 amino acids,
about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540 amino
acids, about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480
amino acids, about 470 amino acids, about 460 amino acids, about 450 amino acids,
about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410 amino
acids, about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370
amino acids, about 360 amino acids, about 350 amino acids, about 340 amino acids,
about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300 amino
acids, about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260
amino acids, about 250 amino acids, about 240 amino acids, about 230 amino acids,
about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195 amino
acids, about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175
amino acids, about 170 amino acids, about 165 amino acids, about 160 amino acids,
about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140 amino
acids, about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120
amino acids, about 115 amino acids, about 110 amino acids, about 105 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65 amino
acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, or about 45
amino acids (inclusive); about 45 amino acids to about 800 amino acids, about 780 amino
acids, about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700

amino acids, about 680 amino acids, about 660 amino acids, about 640 amino acids,
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about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560 amino
acids, about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490
amino acids, about 480 amino acids, about 470 amino acids, about 460 amino acids,
about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420 amino
acids, about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380
amino acids, about 370 amino acids, about 360 amino acids, about 350 amino acids,
about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310 amino
acids, about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270
amino acids, about 260 amino acids, about 250 amino acids, about 240 amino acids,
about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200 amino
acids, about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180
amino acids, about 175 amino acids, about 170 amino acids, about 165 amino acids,
about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145 amino
acids, about 140 amino acids, about 135 amino acids, about 130 amino acids, about 125
amino acids, about 120 amino acids, about 115 amino acids, about 110 amino acids,
about 105 amino acids, about 100 amino acids, about 95 amino acids, about 90 amino
acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino
acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, or about 50
amino acids (inclusive); about 50 amino acids to about 800 amino acids, about 780 amino
acids, about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700
amino acids, about 680 amino acids, about 660 amino acids, about 640 amino acids,
about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560 amino
acids, about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490
amino acids, about 480 amino acids, about 470 amino acids, about 460 amino acids,
about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420 amino
acids, about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380
amino acids, about 370 amino acids, about 360 amino acids, about 350 amino acids,
about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310 amino
acids, about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270
amino acids, about 260 amino acids, about 250 amino acids, about 240 amino acids,

about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200 amino

46



10

15

20

25

30

1002842719

acids, about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180
amino acids, about 175 amino acids, about 170 amino acids, about 165 amino acids,
about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145 amino
acids, about 140 amino acids, about 135 amino acids, about 130 amino acids, about 125
amino acids, about 120 amino acids, about 115 amino acids, about 110 amino acids,
about 105 amino acids, about 100 amino acids, about 95 amino acids, about 90 amino
acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino
acids, about 65 amino acids, about 60 amino acids, or about 55 amino acids (inclusive);
about 55 amino acids to about 800 amino acids, about 780 amino acids, about 760 amino
acids, about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680
amino acids, about 660 amino acids, about 640 amino acids, about 620 amino acids,
about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540 amino
acids, about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480
amino acids, about 470 amino acids, about 460 amino acids, about 450 amino acids,
about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410 amino
acids, about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370
amino acids, about 360 amino acids, about 350 amino acids, about 340 amino acids,
about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300 amino
acids, about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260
amino acids, about 250 amino acids, about 240 amino acids, about 230 amino acids,
about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195 amino
acids, about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175
amino acids, about 170 amino acids, about 165 amino acids, about 160 amino acids,
about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140 amino
acids, about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120
amino acids, about 115 amino acids, about 110 amino acids, about 105 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65 amino
acids, or about 60 amino acids (inclusive); about 60 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720

amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
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about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,
about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino
acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185
amino acids, about 180 amino acids, about 175 amino acids, about 170 amino acids,
about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150 amino
acids, about 145 amino acids, about 140 amino acids, about 135 amino acids, about 130
amino acids, about 125 amino acids, about 120 amino acids, about 115 amino acids,
about 110 amino acids, about 105 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, or about 65 amino acids (inclusive); about 65 amino acids to
about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740 amino
acids, about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660
amino acids, about 640 amino acids, about 620 amino acids, about 600 amino acids,
about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520 amino
acids, about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470
amino acids, about 460 amino acids, about 450 amino acids, about 440 amino acids,
about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400 amino
acids, about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360
amino acids, about 350 amino acids, about 340 amino acids, about 330 amino acids,
about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290 amino
acids, about 280 amino acids, about 270 amino acids, about 260 amino acids, about 250
amino acids, about 240 amino acids, about 230 amino acids, about 220 amino acids,

about 210 amino acids, about 200 amino acids, about 195 amino acids, about 190 amino
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acids, about 185 amino acids, about 180 amino acids, about 175 amino acids, about 170
amino acids, about 165 amino acids, about 160 amino acids, about 155 amino acids,
about 150 amino acids, about 145 amino acids, about 140 amino acids, about 135 amino
acids, about 130 amino acids, about 125 amino acids, about 120 amino acids, about 115
amino acids, about 110 amino acids, about 105 amino acids, about 100 amino acids,
about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids,
about 75 amino acids, or about 70 amino acids (inclusive); about 70 amino acids to about
800 amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids,
about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660 amino
acids, about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580
amino acids, about 560 amino acids, about 540 amino acids, about 520 amino acids,
about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470 amino
acids, about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430
amino acids, about 420 amino acids, about 410 amino acids, about 400 amino acids,
about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360 amino
acids, about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320
amino acids, about 310 amino acids, about 300 amino acids, about 290 amino acids,
about 280 amino acids, about 270 amino acids, about 260 amino acids, about 250 amino
acids, about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210
amino acids, about 200 amino acids, about 195 amino acids, about 190 amino acids,
about 185 amino acids, about 180 amino acids, about 175 amino acids, about 170 amino
acids, about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150
amino acids, about 145 amino acids, about 140 amino acids, about 135 amino acids,
about 130 amino acids, about 125 amino acids, about 120 amino acids, about 115 amino
acids, about 110 amino acids, about 105 amino acids, about 100 amino acids, about 95
amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, or about
75 amino acids (inclusive); about 75 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560

amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
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about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240 amino
acids, about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200
amino acids, about 195 amino acids, about 190 amino acids, about 185 amino acids,
about 180 amino acids, about 175 amino acids, about 170 amino acids, about 165 amino
acids, about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145
amino acids, about 140 amino acids, about 135 amino acids, about 130 amino acids,
about 125 amino acids, about 120 amino acids, about 115 amino acids, about 110 amino
acids, about 105 amino acids, about 100 amino acids, about 95 amino acids, about 90
amino acids, about 85 amino acids, or about 80 amino acids (inclusive); about 80 amino
acids to about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740
amino acids, about 720 amino acids, about 700 amino acids, about 680 amino acids,
about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600 amino
acids, about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520
amino acids, about 500 amino acids, about 490 amino acids, about 480 amino acids,
about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440 amino
acids, about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400
amino acids, about 390 amino acids, about 380 amino acids, about 370 amino acids,
about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330 amino
acids, about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290
amino acids, about 280 amino acids, about 270 amino acids, about 260 amino acids,
about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220 amino
acids, about 210 amino acids, about 200 amino acids, about 195 amino acids, about 190
amino acids, about 185 amino acids, about 180 amino acids, about 175 amino acids,
about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155 amino

acids, about 150 amino acids, about 145 amino acids, about 140 amino acids, about 135

50



10

15

20

25

30

1002842719

amino acids, about 130 amino acids, about 125 amino acids, about 120 amino acids,
about 115 amino acids, about 110 amino acids, about 105 amino acids, about 100 amino
acids, about 95 amino acids, about 90 amino acids, or about 85 amino acids (inclusive);
about 85 amino acids to about 800 amino acids, about 780 amino acids, about 760 amino
acids, about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680
amino acids, about 660 amino acids, about 640 amino acids, about 620 amino acids,
about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540 amino
acids, about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480
amino acids, about 470 amino acids, about 460 amino acids, about 450 amino acids,
about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410 amino
acids, about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370
amino acids, about 360 amino acids, about 350 amino acids, about 340 amino acids,
about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300 amino
acids, about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260
amino acids, about 250 amino acids, about 240 amino acids, about 230 amino acids,
about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195 amino
acids, about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175
amino acids, about 170 amino acids, about 165 amino acids, about 160 amino acids,
about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140 amino
acids, about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120
amino acids, about 115 amino acids, about 110 amino acids, about 105 amino acids,
about 100 amino acids, about 95 amino acids, or about 90 amino acids (inclusive); about
90 amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600
amino acids, about 580 amino acids, about 560 amino acids, about 540 amino acids,
about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480 amino
acids, about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440
amino acids, about 430 amino acids, about 420 amino acids, about 410 amino acids,
about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370 amino

acids, about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330
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amino acids, about 320 amino acids, about 310 amino acids, about 300 amino acids,
about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260 amino
acids, about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220
amino acids, about 210 amino acids, about 200 amino acids, about 195 amino acids,
about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175 amino
acids, about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155
amino acids, about 150 amino acids, about 145 amino acids, about 140 amino acids,
about 135 amino acids, about 130 amino acids, about 125 amino acids, about 120 amino
acids, about 115 amino acids, about 110 amino acids, about 105 amino acids, about 100
amino acids, or about 95 amino acids (inclusive); about 95 amino acids to about 800
amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids,
about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660 amino
acids, about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580
amino acids, about 560 amino acids, about 540 amino acids, about 520 amino acids,
about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470 amino
acids, about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430
amino acids, about 420 amino acids, about 410 amino acids, about 400 amino acids,
about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360 amino
acids, about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320
amino acids, about 310 amino acids, about 300 amino acids, about 290 amino acids,
about 280 amino acids, about 270 amino acids, about 260 amino acids, about 250 amino
acids, about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210
amino acids, about 200 amino acids, about 195 amino acids, about 190 amino acids,
about 185 amino acids, about 180 amino acids, about 175 amino acids, about 170 amino
acids, about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150
amino acids, about 145 amino acids, about 140 amino acids, about 135 amino acids,
about 130 amino acids, about 125 amino acids, about 120 amino acids, about 115 amino
acids, about 110 amino acids, about 105 amino acids, or about 100 amino acids
(inclusive); about 100 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino

acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
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amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids,
about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380 amino
acids, about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340
amino acids, about 330 amino acids, about 320 amino acids, about 310 amino acids,
about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270 amino
acids, about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230
amino acids, about 220 amino acids, about 210 amino acids, about 200 amino acids,
about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180 amino
acids, about 175 amino acids, about 170 amino acids, about 165 amino acids, about 160
amino acids, about 155 amino acids, about 150 amino acids, about 145 amino acids,
about 140 amino acids, about 135 amino acids, about 130 amino acids, about 125 amino
acids, about 120 amino acids, about 115 amino acids, about 110 amino acids, or about
105 amino acids (inclusive); about 105 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240 amino
acids, about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200
amino acids, about 195 amino acids, about 190 amino acids, about 185 amino acids,
about 180 amino acids, about 175 amino acids, about 170 amino acids, about 165 amino

acids, about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145
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amino acids, about 140 amino acids, about 135 amino acids, about 130 amino acids,
about 125 amino acids, about 120 amino acids, about 115 amino acids, or about 110
amino acids (inclusive); about 110 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240 amino
acids, about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200
amino acids, about 195 amino acids, about 190 amino acids, about 185 amino acids,
about 180 amino acids, about 175 amino acids, about 170 amino acids, about 165 amino
acids, about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145
amino acids, about 140 amino acids, about 135 amino acids, about 130 amino acids,
about 125 amino acids, about 120 amino acids, or about 115 amino acids (inclusive);
about 115 amino acids to about 800 amino acids, about 780 amino acids, about 760
amino acids, about 740 amino acids, about 720 amino acids, about 700 amino acids,
about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620 amino
acids, about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540
amino acids, about 520 amino acids, about 500 amino acids, about 490 amino acids,
about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450 amino
acids, about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410
amino acids, about 400 amino acids, about 390 amino acids, about 380 amino acids,
about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340 amino
acids, about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300

amino acids, about 290 amino acids, about 280 amino acids, about 270 amino acids,
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about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230 amino
acids, about 220 amino acids, about 210 amino acids, about 200 amino acids, about 195
amino acids, about 190 amino acids, about 185 amino acids, about 180 amino acids,
about 175 amino acids, about 170 amino acids, about 165 amino acids, about 160 amino
acids, about 155 amino acids, about 150 amino acids, about 145 amino acids, about 140
amino acids, about 135 amino acids, about 130 amino acids, about 125 amino acids, or
about 120 amino acids (inclusive); about 120 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,
about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino
acids, about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460
amino acids, about 450 amino acids, about 440 amino acids, about 430 amino acids,
about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390 amino
acids, about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350
amino acids, about 340 amino acids, about 330 amino acids, about 320 amino acids,
about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280 amino
acids, about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240
amino acids, about 230 amino acids, about 220 amino acids, about 210 amino acids,
about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185 amino
acids, about 180 amino acids, about 175 amino acids, about 170 amino acids, about 165
amino acids, about 160 amino acids, about 155 amino acids, about 150 amino acids,
about 145 amino acids, about 140 amino acids, about 135 amino acids, about 130 amino
acids, or about 125 amino acids (inclusive); about 125 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,
about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino

acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
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amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185
amino acids, about 180 amino acids, about 175 amino acids, about 170 amino acids,
about 165 amino acids, about 160 amino acids, about 155 amino acids, about 150 amino
acids, about 145 amino acids, about 140 amino acids, about 135 amino acids, or about
130 amino acids (inclusive); about 130 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240 amino
acids, about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200
amino acids, about 195 amino acids, about 190 amino acids, about 185 amino acids,
about 180 amino acids, about 175 amino acids, about 170 amino acids, about 165 amino
acids, about 160 amino acids, about 155 amino acids, about 150 amino acids, about 145
amino acids, about 140 amino acids, or about 135 amino acids (inclusive); about 135
amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600
amino acids, about 580 amino acids, about 560 amino acids, about 540 amino acids,

about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480 amino
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acids, about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440
amino acids, about 430 amino acids, about 420 amino acids, about 410 amino acids,
about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370 amino
acids, about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330
amino acids, about 320 amino acids, about 310 amino acids, about 300 amino acids,
about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260 amino
acids, about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220
amino acids, about 210 amino acids, about 200 amino acids, about 195 amino acids,
about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175 amino
acids, about 170 amino acids, about 165 amino acids, about 160 amino acids, about 155
amino acids, about 150 amino acids, about 145 amino acids, or about 140 amino acids
(inclusive); about 140 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids,
about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380 amino
acids, about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340
amino acids, about 330 amino acids, about 320 amino acids, about 310 amino acids,
about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270 amino
acids, about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230
amino acids, about 220 amino acids, about 210 amino acids, about 200 amino acids,
about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180 amino
acids, about 175 amino acids, about 170 amino acids, about 165 amino acids, about 160
amino acids, about 155 amino acids, about 150 amino acids, or about 145 amino acids
(inclusive); about 145 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620

amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
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about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids,
about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380 amino
acids, about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340
amino acids, about 330 amino acids, about 320 amino acids, about 310 amino acids,
about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270 amino
acids, about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230
amino acids, about 220 amino acids, about 210 amino acids, about 200 amino acids,
about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180 amino
acids, about 175 amino acids, about 170 amino acids, about 165 amino acids, about 160
amino acids, about 155 amino acids, or about 150 amino acids (inclusive); about 150
amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600
amino acids, about 580 amino acids, about 560 amino acids, about 540 amino acids,
about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480 amino
acids, about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440
amino acids, about 430 amino acids, about 420 amino acids, about 410 amino acids,
about 400 amino acids, about 390 amino acids, about 380 amino acids, about 370 amino
acids, about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330
amino acids, about 320 amino acids, about 310 amino acids, about 300 amino acids,
about 290 amino acids, about 280 amino acids, about 270 amino acids, about 260 amino
acids, about 250 amino acids, about 240 amino acids, about 230 amino acids, about 220
amino acids, about 210 amino acids, about 200 amino acids, about 195 amino acids,
about 190 amino acids, about 185 amino acids, about 180 amino acids, about 175 amino
acids, about 170 amino acids, about 165 amino acids, about 160 amino acids, or about
155 amino acids (inclusive); about 155 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino

acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
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amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240 amino
acids, about 230 amino acids, about 220 amino acids, about 210 amino acids, about 200
amino acids, about 195 amino acids, about 190 amino acids, about 185 amino acids,
about 180 amino acids, about 175 amino acids, about 170 amino acids, about 165 amino
acids, or about 160 amino acids (inclusive); about 160 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,
about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino
acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185
amino acids, about 180 amino acids, about 175 amino acids, about 170 amino acids, or
about 165 amino acids (inclusive); about 165 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,

about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino
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acids, about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460
amino acids, about 450 amino acids, about 440 amino acids, about 430 amino acids,
about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390 amino
acids, about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350
amino acids, about 340 amino acids, about 330 amino acids, about 320 amino acids,
about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280 amino
acids, about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240
amino acids, about 230 amino acids, about 220 amino acids, about 210 amino acids,
about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185 amino
acids, about 180 amino acids, about 175 amino acids, or about 170 amino acids
(inclusive); about 170 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids,
about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380 amino
acids, about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340
amino acids, about 330 amino acids, about 320 amino acids, about 310 amino acids,
about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270 amino
acids, about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230
amino acids, about 220 amino acids, about 210 amino acids, about 200 amino acids,
about 195 amino acids, about 190 amino acids, about 185 amino acids, about 180 amino
acids, or about 175 amino acids (inclusive); about 175 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids,

about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430 amino
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acids, about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390
amino acids, about 380 amino acids, about 370 amino acids, about 360 amino acids,
about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320 amino
acids, about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280
amino acids, about 270 amino acids, about 260 amino acids, about 250 amino acids,
about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210 amino
acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, about 185
amino acids, or about 180 amino acids (inclusive); about 180 amino acids to about 800
amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids,
about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660 amino
acids, about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580
amino acids, about 560 amino acids, about 540 amino acids, about 520 amino acids,
about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470 amino
acids, about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430
amino acids, about 420 amino acids, about 410 amino acids, about 400 amino acids,
about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360 amino
acids, about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320
amino acids, about 310 amino acids, about 300 amino acids, about 290 amino acids,
about 280 amino acids, about 270 amino acids, about 260 amino acids, about 250 amino
acids, about 240 amino acids, about 230 amino acids, about 220 amino acids, about 210
amino acids, about 200 amino acids, about 195 amino acids, about 190 amino acids, or
about 185 amino acids (inclusive); about 185 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,
about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino
acids, about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460
amino acids, about 450 amino acids, about 440 amino acids, about 430 amino acids,
about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390 amino
acids, about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350

amino acids, about 340 amino acids, about 330 amino acids, about 320 amino acids,
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about 310 amino acids, about 300 amino acids, about 290 amino acids, about 280 amino
acids, about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240
amino acids, about 230 amino acids, about 220 amino acids, about 210 amino acids,
about 200 amino acids, about 195 amino acids, or about 190 amino acids (inclusive);
about 190 amino acids to about 800 amino acids, about 780 amino acids, about 760
amino acids, about 740 amino acids, about 720 amino acids, about 700 amino acids,
about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620 amino
acids, about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540
amino acids, about 520 amino acids, about 500 amino acids, about 490 amino acids,
about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450 amino
acids, about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410
amino acids, about 400 amino acids, about 390 amino acids, about 380 amino acids,
about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340 amino
acids, about 330 amino acids, about 320 amino acids, about 310 amino acids, about 300
amino acids, about 290 amino acids, about 280 amino acids, about 270 amino acids,
about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230 amino
acids, about 220 amino acids, about 210 amino acids, about 200 amino acids, or about
195 amino acids (inclusive); about 195 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240 amino
acids, about 230 amino acids, about 220 amino acids, about 210 amino acids, or about

200 amino acids (inclusive); about 200 amino acids to about 800 amino acids, about 780
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amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, about 260 amino acids, about 250 amino acids, about 240 amino
acids, about 230 amino acids, about 220 amino acids, or about 210 amino acids
(inclusive); about 210 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids,
about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380 amino
acids, about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340
amino acids, about 330 amino acids, about 320 amino acids, about 310 amino acids,
about 300 amino acids, about 290 amino acids, about 280 amino acids, about 270 amino
acids, about 260 amino acids, about 250 amino acids, about 240 amino acids, about 230
amino acids, or about 220 amino acids (inclusive); about 220 amino acids to about 800
amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids,
about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660 amino
acids, about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580
amino acids, about 560 amino acids, about 540 amino acids, about 520 amino acids,
about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470 amino

acids, about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430
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amino acids, about 420 amino acids, about 410 amino acids, about 400 amino acids,
about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360 amino
acids, about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320
amino acids, about 310 amino acids, about 300 amino acids, about 290 amino acids,
about 280 amino acids, about 270 amino acids, about 260 amino acids, about 250 amino
acids, about 240 amino acids, or about 230 amino acids (inclusive); about 230 amino
acids to about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740
amino acids, about 720 amino acids, about 700 amino acids, about 680 amino acids,
about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600 amino
acids, about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520
amino acids, about 500 amino acids, about 490 amino acids, about 480 amino acids,
about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440 amino
acids, about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400
amino acids, about 390 amino acids, about 380 amino acids, about 370 amino acids,
about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330 amino
acids, about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290
amino acids, about 280 amino acids, about 270 amino acids, about 260 amino acids,
about 250 amino acids, or about 240 amino acids (inclusive); about 240 amino acids to
about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740 amino
acids, about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660
amino acids, about 640 amino acids, about 620 amino acids, about 600 amino acids,
about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520 amino
acids, about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470
amino acids, about 460 amino acids, about 450 amino acids, about 440 amino acids,
about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400 amino
acids, about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360
amino acids, about 350 amino acids, about 340 amino acids, about 330 amino acids,
about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290 amino
acids, about 280 amino acids, about 270 amino acids, about 260 amino acids, or about
250 amino acids (inclusive); about 250 amino acids to about 800 amino acids, about 780

amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
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about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, about 310
amino acids, about 300 amino acids, about 290 amino acids, about 280 amino acids,
about 270 amino acids, or about 260 amino acids (inclusive); about 260 amino acids to
about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740 amino
acids, about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660
amino acids, about 640 amino acids, about 620 amino acids, about 600 amino acids,
about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520 amino
acids, about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470
amino acids, about 460 amino acids, about 450 amino acids, about 440 amino acids,
about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400 amino
acids, about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360
amino acids, about 350 amino acids, about 340 amino acids, about 330 amino acids,
about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290 amino
acids, about 280 amino acids, or about 270 amino acids (inclusive); about 270 amino
acids to about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740
amino acids, about 720 amino acids, about 700 amino acids, about 680 amino acids,
about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600 amino
acids, about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520
amino acids, about 500 amino acids, about 490 amino acids, about 480 amino acids,
about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440 amino
acids, about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400
amino acids, about 390 amino acids, about 380 amino acids, about 370 amino acids,
about 360 amino acids, about 350 amino acids, about 340 amino acids, about 330 amino

acids, about 320 amino acids, about 310 amino acids, about 300 amino acids, about 290
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amino acids, or about 280 amino acids (inclusive); about 280 amino acids to about 800
amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids,
about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660 amino
acids, about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580
amino acids, about 560 amino acids, about 540 amino acids, about 520 amino acids,
about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470 amino
acids, about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430
amino acids, about 420 amino acids, about 410 amino acids, about 400 amino acids,
about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360 amino
acids, about 350 amino acids, about 340 amino acids, about 330 amino acids, about 320
amino acids, about 310 amino acids, about 300 amino acids, or about 290 amino acids
(inclusive); about 290 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids,
about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380 amino
acids, about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340
amino acids, about 330 amino acids, about 320 amino acids, about 310 amino acids, or
about 300 amino acids (inclusive); about 300 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,
about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino
acids, about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460
amino acids, about 450 amino acids, about 440 amino acids, about 430 amino acids,
about 420 amino acids, about 410 amino acids, about 400 amino acids, about 390 amino
acids, about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350
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about 310 amino acids, about 300 amino acids, or about 290 amino acids (inclusive);
about 290 amino acids to about 800 amino acids, about 780 amino acids, about 760
amino acids, about 740 amino acids, about 720 amino acids, about 700 amino acids,
about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620 amino
acids, about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540
amino acids, about 520 amino acids, about 500 amino acids, about 490 amino acids,
about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450 amino
acids, about 440 amino acids, about 430 amino acids, about 420 amino acids, about 410
amino acids, about 400 amino acids, about 390 amino acids, about 380 amino acids,
about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340 amino
acids, about 330 amino acids, about 320 amino acids, about 310 amino acids, or about
300 amino acids (inclusive); about 300 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino
acids, about 340 amino acids, about 330 amino acids, about 320 amino acids, or about
310 amino acids (inclusive); about 310 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids, about 360 amino acids, about 350 amino

acids, about 340 amino acids, about 330 amino acids, or about 320 amino acids
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(inclusive); about 320 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids,
about 410 amino acids, about 400 amino acids, about 390 amino acids, about 380 amino
acids, about 370 amino acids, about 360 amino acids, about 350 amino acids, about 340
amino acids, or about 330 amino acids (inclusive); about 330 amino acids to about 800
amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids,
about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660 amino
acids, about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580
amino acids, about 560 amino acids, about 540 amino acids, about 520 amino acids,
about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470 amino
acids, about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430
amino acids, about 420 amino acids, about 410 amino acids, about 400 amino acids,
about 390 amino acids, about 380 amino acids, about 370 amino acids, about 360 amino
acids, about 350 amino acids, or about 340 amino acids (inclusive); about 340 amino
acids to about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740
amino acids, about 720 amino acids, about 700 amino acids, about 680 amino acids,
about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600 amino
acids, about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520
amino acids, about 500 amino acids, about 490 amino acids, about 480 amino acids,
about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440 amino
acids, about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400
amino acids, about 390 amino acids, about 380 amino acids, about 370 amino acids,
about 360 amino acids, or about 350 amino acids (inclusive); about 350 amino acids to
about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740 amino
acids, about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660

amino acids, about 640 amino acids, about 620 amino acids, about 600 amino acids,
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about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520 amino
acids, about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470
amino acids, about 460 amino acids, about 450 amino acids, about 440 amino acids,
about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400 amino
acids, about 390 amino acids, about 380 amino acids, about 370 amino acids, or about
360 amino acids (inclusive); about 360 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, about 420
amino acids, about 410 amino acids, about 400 amino acids, about 390 amino acids,
about 380 amino acids, about 370 amino acids (inclusive); about 370 amino acids to
about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740 amino
acids, about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660
amino acids, about 640 amino acids, about 620 amino acids, about 600 amino acids,
about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520 amino
acids, about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470
amino acids, about 460 amino acids, about 450 amino acids, about 440 amino acids,
about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400 amino
acids, about 390 amino acids, or about 380 amino acids (inclusive); about 380 amino
acids to about 800 amino acids, about 780 amino acids, about 760 amino acids, about 740
amino acids, about 720 amino acids, about 700 amino acids, about 680 amino acids,
about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600 amino
acids, about 580 amino acids, about 560 amino acids, about 540 amino acids, about 520
amino acids, about 500 amino acids, about 490 amino acids, about 480 amino acids,
about 470 amino acids, about 460 amino acids, about 450 amino acids, about 440 amino
acids, about 430 amino acids, about 420 amino acids, about 410 amino acids, about 400
amino acids, or about 390 amino acids (inclusive); about 390 amino acids to about 800

amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids,
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about 720 amino acids, about 700 amino acids, about 680 amino acids, about 660 amino
acids, about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580
amino acids, about 560 amino acids, about 540 amino acids, about 520 amino acids,
about 500 amino acids, about 490 amino acids, about 480 amino acids, about 470 amino
acids, about 460 amino acids, about 450 amino acids, about 440 amino acids, about 430
amino acids, about 420 amino acids, about 410 amino acids, or about 400 amino acids
(inclusive); about 400 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, about 580 amino acids, about 560 amino acids,
about 540 amino acids, about 520 amino acids, about 500 amino acids, about 490 amino
acids, about 480 amino acids, about 470 amino acids, about 460 amino acids, about 450
amino acids, about 440 amino acids, about 430 amino acids, about 420 amino acids, or
about 410 amino acids (inclusive); about 410 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,
about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino
acids, about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460
amino acids, about 450 amino acids, about 440 amino acids, about 430 amino acids, or
about 420 amino acids (inclusive); about 420 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,
about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino
acids, about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460
amino acids, about 450 amino acids, or about 440 amino acids (inclusive); about 430
amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600

amino acids, about 580 amino acids, about 560 amino acids, about 540 amino acids,
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about 520 amino acids, about 500 amino acids, about 490 amino acids, about 480 amino
acids, about 470 amino acids, about 460 amino acids, about 450 amino acids, or about
440 amino acids (inclusive); about 440 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, about 520 amino acids, about 500 amino acids,
about 490 amino acids, about 480 amino acids, about 470 amino acids, about 460 amino
acids, or about 450 amino acids (inclusive); about 450 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500
amino acids, about 490 amino acids, about 480 amino acids, about 470 amino acids, or
about 460 amino acids (inclusive); about 460 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,
about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino
acids, about 490 amino acids, about 480 amino acids, about 470 amino acids (inclusive);
about 470 amino acids to about 800 amino acids, about 780 amino acids, about 760
amino acids, about 740 amino acids, about 720 amino acids, about 700 amino acids,
about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620 amino
acids, about 600 amino acids, about 580 amino acids, about 560 amino acids, about 540
amino acids, about 520 amino acids, about 500 amino acids, about 490 amino acids, or
about 480 amino acids (inclusive); about 480 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640
amino acids, about 620 amino acids, about 600 amino acids, about 580 amino acids,
about 560 amino acids, about 540 amino acids, about 520 amino acids, about 500 amino

acids, or about 490 amino acids (inclusive); about 490 amino acids to about 800 amino
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acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids,
about 640 amino acids, about 620 amino acids, about 600 amino acids, about 580 amino
acids, about 560 amino acids, about 540 amino acids, about 520 amino acids, or about
500 amino acids (inclusive); about 500 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, about 620 amino acids, about 600 amino acids, about 580 amino acids, about 560
amino acids, about 540 amino acids, or about 520 amino acids (inclusive); about 520
amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, about 600
amino acids, about 580 amino acids, about 560 amino acids, or about 540 amino acids
(inclusive); about 540 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, about 580 amino acids, or about 560 amino acids
(inclusive); about 560 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, about 680 amino acids, about 660 amino acids, about 640 amino acids, about 620
amino acids, about 600 amino acids, or about 580 amino acids (inclusive); about 580
amino acids to about 800 amino acids, about 780 amino acids, about 760 amino acids,
about 740 amino acids, about 720 amino acids, about 700 amino acids, about 680 amino
acids, about 660 amino acids, about 640 amino acids, about 620 amino acids, or about
600 amino acids (inclusive); about 600 amino acids to about 800 amino acids, about 780
amino acids, about 760 amino acids, about 740 amino acids, about 720 amino acids,
about 700 amino acids, about 680 amino acids, about 660 amino acids, about 640 amino
acids, or about 620 amino acids (inclusive); about 620 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, about 700 amino acids, about 680 amino acids, about 660 amino acids, or

about 640 amino acids (inclusive); about 640 amino acids to about 800 amino acids,
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about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720 amino
acids, about 700 amino acids, about 680 amino acids, or about 660 amino acids
(inclusive); about 660 amino acids to about 800 amino acids, about 780 amino acids,
about 760 amino acids, about 740 amino acids, about 720 amino acids, about 700 amino
acids, or about 680 amino acids (inclusive); about 680 amino acids to about 800 amino
acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, about 720
amino acids, or about 700 amino acids (inclusive); about 700 amino acids to about 800
amino acids, about 780 amino acids, about 760 amino acids, about 740 amino acids, or
about 720 amino acids (inclusive); about 720 amino acids to about 800 amino acids,
about 780 amino acids, about 760 amino acids, or about 740 amino acids (inclusive);
about 740 amino acids to about 800 amino acids, about 780 amino acids, or about 760
amino acids (inclusive); about 760 amino acids to about 800 amino acids, or about 780
amino acids; (inclusive); or about 780 amino acids to about 800 amino acids (inclusive).

In some embodiments, one or more intervening amino acids between the
transmembrane domain and the hormone receptor ligand binding domain can be or
include a linker peptide. In some embodiments, a linker peptide can include one or more
of the following amino acid sequences: GSGSGSGSGS (SEQ ID NO: 20), GSGSGSGS
(SEQ ID NO: 21), RSGSGSGS (SEQ ID NO: 22), or GSGSGSGS (SEQ ID NO: 23). In
some embodiments, linker peptide can be encoded by one or more of the following
nucleic acid sequences: GGATCCGGCAGCGGATCTGGCAGTGGAAGC (SEQ ID NO:
24), GGATCTGGCTCTGGAAGCGGCAGC (SEQ ID NO: 25),
AGATCCGGATCTGGAAGTGGCTCC (SEQ ID NO: 26), or
GGAAGTGGATCTGGGAGCGGCTCT (SEQ ID NO: 27). In some embodiments, a
linker peptide can include one or more (e.g., two, three, or four) copies of any one of
SEQ ID NOs: 20-23, e.g., in tandem.

In some embodiments, one or more intervening amino acids between the
transmembrane domain and the hormone receptor ligand binding domain can be or
include an intracellular sequence that abuts the transmembrane domain in the endogenous
polypeptide from which the transmembrane domain (e.g., any of the transmembrane
domains described herein) is derived. In some embodiments, one or more intervening

amino acids between the transmembrane domain and the hormone receptor ligand
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binding domain can be or include one or more additional domains (e.g., any of the
exemplary additional domains described herein or known in the art). In some
embodiments, a single-chain chimeric polypeptide can be a single-chain chimeric antigen
receptor (e.g., any of the single-chain chimeric antigen receptors described herein). In
some embodiments, the chimeric polypeptide can further include one or more additional
domains. Non-limiting examples of additional domains that can be included in a single-
chain chimeric polypeptide include one or more of: an extracellular ligand binding
domain (e.g., an antigen-binding domain, e.g., any of the antigen-binding domains
described herein), an ITIM (e.g., any of the ITIMs known in the art), an ITAM (e.g., any
of ITAMs described herein or known in the art), a dimerization domain (e.g., capable of
dimerizing with another dimerization domain present in another polypeptide (e.g., a
recombinant polypeptide) expressed in a mammalian cell, e.g., any of the dimerization

domains known in the art), and a peptide tag (e.g., a poly-His tag).

Single-Chain Chimeric Polypeptide- Extracellular Hormone Receptor LBD

Provided herein are single-chain chimeric polypeptides that include an
extracellular hormone receptor ligand binding domain (e.g., any of the hormone receptor
ligand binding domains described herein or known in the art) and a transmembrane
domain (e.g., any of the transmembrane domains described herein or known in the art),
where the transmembrane domain and the extracellular hormone receptor ligand binding
domain directly abut each other or are separated by 1 to about 800 amino acids (e.g., or
any of the subranges of this range described herein), and the transmembrane domain and
the hormone receptor ligand binding domain are not both present in a single endogenous
single-chain polypeptide in a mammal (e.g., a human).

In some examples of the single-chain chimeric polypeptides, the transmembrane
domain directly abuts the hormone receptor ligand binding domain (i.e., no intervening
amino acids between the transmembrane domain and the extracellular hormone receptor
ligand binding domain). In some examples of the single-chain chimeric polypeptides, the
transmembrane domain and the extracellular hormone receptor ligand binding domain are
separated by: 1 amino acid to about 800 amino acids (e.g., any of the subranges of this

range described herein).
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In some embodiments, one or more intervening amino acids between the
transmembrane domain and the extracellular hormone receptor ligand binding domain
can be or include a linker peptide. In some embodiments, a linker peptide can include
one or more of the following amino acid sequences: GSGSGSGSGS (SEQ ID NO: 20),
GSGSGSGS (SEQ ID NO: 21), RSGSGSGS (SEQ ID NO: 22), or GSGSGSGS (SEQ ID
NO: 23). In some embodiments, linker peptide can be encoded by one or more of the
following nucleic acid sequences: GGATCCGGCAGCGGATCTGGCAGTGGAAGC
(SEQ ID NO: 24), GGATCTGGCTCTGGAAGCGGCAGC (SEQ ID NO: 25),
AGATCCGGATCTGGAAGTGGCTCC (SEQ ID NO: 26), or
GGAAGTGGATCTGGGAGCGGCTCT (SEQ ID NO: 27). In some embodiments, a
linker peptide can include one or more (e.g., two, three, or four) copies of any one of
SEQ ID NOs: 20-23, e.g., in tandem. In some embodiments, a linker peptide can be or
can include one or more of SEQ ID NO: 45, 47, 49, 58, 60, 62, and 106. In some
embodiments, a linker peptide can be or include GS.

In some embodiments, one or more intervening amino acids between the
transmembrane domain and the extracellular hormone receptor ligand binding domain
can be or include a sequence that abuts the transmembrane domain in the endogenous
polypeptide from which the transmembrane domain (e.g., any of the transmembrane
domains described herein) is derived. In some embodiments, one or more intervening
amino acids between the transmembrane domain and the extracellular hormone receptor
ligand binding domain can be or include one or more additional domains (e.g., any of the
exemplary additional domains described herein or known in the art). In some
embodiments, a single-chain chimeric polypeptide can be a single-chain chimeric antigen
receptor (e.g., any of the single-chain chimeric antigen receptors described herein). In
some embodiments, the chimeric polypeptide can further include one or more (e.g., two,
three, four, or five) additional domains. Non-limiting examples of additional domains
that can be included in a single-chain chimeric polypeptide include one or more of: an
extracellular ligand binding domain (e.g., an antigen-binding domain, e.g., any of the
antigen-binding domains described herein), an ITIM (e.g., any of the ITIMs known in the
art), an ITAM (e.g., any of ITAMs described herein or known in the art), a dimerization

domain (e.g., capable of dimerizing with another dimerization domain present in another
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polypeptide (e.g., a recombinant polypeptide) expressed in a mammalian cell, e.g., any of
the dimerization domains known in the art), and a peptide tag (e.g., a poly-His tag).

In some embodiments, when going in the N-terminal to C-terminal direction, the
single-chain chimeric polypeptide includes the extracellular antigen-binding domain, the
extracellular hormone receptor ligand binding domain, and the transmembrane domain.
In some embodiments, when going in the C-terminal to the N-terminal direction, the
single-chain chimeric polypeptide comprises the extracellular antigen-binding domain,
the extracellular hormone receptor ligand binding domain, and the transmembrane
domain. In some embodiments, when going in the N-terminal to the C-terminal
direction, the single-chain chimeric polypeptide includes the extracellular hormone
receptor ligand binding domain, the extracellular antigen-binding domain, and the
transmembrane domain. In some embodiments, when going in the C-terminal to the N-
terminal direction, the single-chain chimeric polypeptide includes the extracellular
hormone receptor ligand binding domain, the extracellular antigen-binding domain, and

the transmembrane domain.

Single-Chain Chimeric Antigen Receptor

Single-Chain Chimeric Antigen Receptor — Intracellular Hormone Receptor LBD
Also provided herein are single-chain chimeric antigen receptors that include: an
extracellular antigen-binding domain (e.g., any of the antigen-binding domains described
herein or known in the art), a transmembrane domain (e.g., any of the transmembrane
domains described herein or known in the art), a hormone receptor ligand binding domain
(e.g., any of the hormone receptor ligand binding domain described herein or known in
the art), a costimulatory domain (e.g., any of the costimulatory domains described herein
or known in the art), and an immunoreceptor tyrosine-based activation motif (ITAM),
where: the transmembrane domain and the hormone ligand binding domain directly abut
each other or are separated by 1 to about 800 amino acids (e.g., any of the subranges of
this range described herein), and the transmembrane domain and the hormone receptor
ligand binding domain are not both present in the same (a single) endogenous single-

chain polypeptide in a mammal. The single-chain chimeric antigen receptors described
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herein can bind to any of the exemplary antigens described herein or any other antigen
known in the art. In some embodiments, the single-chain chimeric antigen receptor binds
specifically to a single antigen (e.g., any of the exemplary antigens described herein). In
some embodiments, the single-chain chimeric antigen receptor binds specifically to two
different antigens (e.g., any combination of the exemplary antigens described herein).

In some embodiments of these single-chain chimeric antigen receptors, the
transmembrane domain abuts the hormone receptor ligand binding domain. In some
embodiments of these single-chain chimeric antigen receptors, the transmembrane
domain and the hormone receptor ligand binding domain are separated by 1 to about 800
amino acids (e.g., or any of the subranges of this range described herein). In some
embodiments, the amino acids between the transmembrane domain and the hormone
receptor ligand binding domain do not comprise a domain. In other embodiments, the
amino acids between the transmembrane domain and the hormone receptor ligand
binding domain includes one or more intervening domain (e.g., one or more
costimulatory domains and/or one or more ITAMs). In some embodiments, the amino
acids between the transmembrane domain and the hormone receptor ligand binding
domain includes a sequence from the same endogenous transmembrane protein from
which the transmembrane domain is derived. In some embodiments, the amino acids
between the transmembrane domain and the hormone receptor ligand binding domain
include a linker sequence.

Some embodiments of these single-chain chimeric antigen receptors can include
one or more (e.g., two, three, four, or five) costimulatory domain(s) (e.g., any
combination of any of the exemplary costimulatory domains described herein or known
in the art). Some embodiments of these single-chain chimeric antigen receptors include
one or both of a 4-1BB costimulatory domain and a CD28 costimulatory domain.

Some embodiments of these single-chain chimeric antigen receptors can include
one or more (e.g., two, three, four, or five) ITAMs (e.g., any of the ITAMs described
herein or known in the art). In some embodiments of these single-chain chimeric antigen
receptors, the ITAM includes a cytoplasmic signaling sequence from CD3( (e.g., human

CD30).
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In some embodiments of any of these single-chain chimeric antigen receptors, any
two neighboring domains can be separated by 1 amino acids to about 500 amino acids,
about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino
acids, about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340
amino acids, about 320 amino acids, about 300 amino acids, about 280 amino acids,
about 260 amino acids, about 240 amino acids, about 220 amino acids, about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160
amino acids, about 150 amino acids, about 140 amino acids, about 130 amino acids,
about 120 amino acids, about 110 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino
acids, about 50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino
acids, about 30 amino acids, about 25 amino acids, about 20 amino acids, about 15 amino
acids, about 10 amino acids, about 8 amino acids, about 6 amino acids, about 4 amino
acid, or about 3 amino acids (inclusive); about 2 amino acids to about 500 amino acids,
about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino
acids, about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340
amino acids, about 320 amino acids, about 300 amino acids, about 280 amino acids,
about 260 amino acids, about 240 amino acids, about 220 amino acids, about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160
amino acids, about 150 amino acids, about 140 amino acids, about 130 amino acids,
about 120 amino acids, about 110 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino
acids, about 50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino
acids, about 30 amino acids, about 25 amino acids, about 20 amino acids, about 15 amino
acids, about 10 amino acids, about 8 amino acids, about 6 amino acids, or about 4 amino
acid (inclusive); about 3 amino acids to about 500 amino acids, about 480 amino acids,
about 460 amino acids, about 440 amino acids, about 420 amino acids, about 400 amino
acids, about 380 amino acids, about 360 amino acids, about 340 amino acids, about 320

amino acids, about 300 amino acids, about 280 amino acids, about 260 amino acids,
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about 240 amino acids, about 220 amino acids, about 200 amino acids, about 190 amino
acids, about 180 amino acids, about 170 amino acids, about 160 amino acids, about 150
amino acids, about 140 amino acids, about 130 amino acids, about 120 amino acids,
about 110 amino acids, about 100 amino acids, about 95 amino acids, about 90 amino
acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino
acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about 50 amino
acids, about 45 amino acids, about 40 amino acids, about 35 amino acids, about 30 amino
acids, about 25 amino acids, about 20 amino acids, about 15 amino acids, about 10 amino
acids, about 8 amino acids, about 6 amino acids, or about 5 amino acids (inclusive); about
4 amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300
amino acids, about 280 amino acids, about 260 amino acids, about 240 amino acids,
about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, about 120 amino acids, about 110 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65 amino
acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45 amino
acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, about 25 amino
acids, about 20 amino acids, about 15 amino acids, about 10 amino acids, about 8 amino
acids, or about 6 amino acids (inclusive); about 5 amino acids to about 500 amino acids,
about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino
acids, about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340
amino acids, about 320 amino acids, about 300 amino acids, about 280 amino acids,
about 260 amino acids, about 240 amino acids, about 220 amino acids, about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160
amino acids, about 150 amino acids, about 140 amino acids, about 130 amino acids,
about 120 amino acids, about 110 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
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acids, about 50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino
acids, about 30 amino acids, about 25 amino acids, about 20 amino acids, about 15 amino
acids, about 10 amino acids, about 8 amino acids, or about 7 amino acids (inclusive);
about 6 amino acids to about 500 amino acids, about 480 amino acids, about 460 amino
acids, about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380
amino acids, about 360 amino acids, about 340 amino acids, about 320 amino acids,
about 300 amino acids, about 280 amino acids, about 260 amino acids, about 240 amino
acids, about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180
amino acids, about 170 amino acids, about 160 amino acids, about 150 amino acids,
about 140 amino acids, about 130 amino acids, about 120 amino acids, about 110 amino
acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85
amino acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65
amino acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45
amino acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, about 25
amino acids, about 20 amino acids, about 15 amino acids, about 10 amino acids, or about
8 amino acids (inclusive); about 8 amino acids to about 500 amino acids, about 480
amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,
about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino
acids, about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260
amino acids, about 240 amino acids, about 220 amino acids, about 200 amino acids,
about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160 amino
acids, about 150 amino acids, about 140 amino acids, about 130 amino acids, about 120
amino acids, about 110 amino acids, about 100 amino acids, about 95 amino acids, about
90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about
70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about
50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino acids, about
30 amino acids, about 25 amino acids, about 20 amino acids, about 15 amino acids, or
about 10 amino acids (inclusive); about 10 amino acids to about 500 amino acids, about
480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,
about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino

acids, about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260
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amino acids, about 240 amino acids, about 220 amino acids, about 200 amino acids,
about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160 amino
acids, about 150 amino acids, about 140 amino acids, about 130 amino acids, about 120
amino acids, about 110 amino acids, about 100 amino acids, about 95 amino acids, about
90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about
70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about
50 amino acids, about 45 amino acids, about 40 amino acids, about 35 amino acids, about
30 amino acids, about 25 amino acids, about 20 amino acids, or about 15 amino acids
(inclusive); about 15 amino acids to about 500 amino acids, about 480 amino acids, about
460 amino acids, about 440 amino acids, about 420 amino acids, about 400 amino acids,
about 380 amino acids, about 360 amino acids, about 340 amino acids, about 320 amino
acids, about 300 amino acids, about 280 amino acids, about 260 amino acids, about 240
amino acids, about 220 amino acids, about 200 amino acids, about 190 amino acids,
about 180 amino acids, about 170 amino acids, about 160 amino acids, about 150 amino
acids, about 140 amino acids, about 130 amino acids, about 120 amino acids, about 110
amino acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about
85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about
65 amino acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about
45 amino acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, about
25 amino acids, or about 20 amino acids (inclusive); about 20 amino acids to about 500
amino acids, about 480 amino acids, about 460 amino acids, about 440 amino acids,
about 420 amino acids, about 400 amino acids, about 380 amino acids, about 360 amino
acids, about 340 amino acids, about 320 amino acids, about 300 amino acids, about 280
amino acids, about 260 amino acids, about 240 amino acids, about 220 amino acids,
about 200 amino acids, about 190 amino acids, about 180 amino acids, about 170 amino
acids, about 160 amino acids, about 150 amino acids, about 140 amino acids, about 130
amino acids, about 120 amino acids, about 110 amino acids, about 100 amino acids,
about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids,
about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60 amino acids,
about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40 amino acids,

about 35 amino acids, about 30 amino acids, or about 25 amino acids (inclusive); about
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25 amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300
amino acids, about 280 amino acids, about 260 amino acids, about 240 amino acids,
about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, about 120 amino acids, about 110 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65 amino
acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45 amino
acids, about 40 amino acids, about 35 amino acids, or about 30 amino acids (inclusive);
about 30 amino acids to about 500 amino acids, about 480 amino acids, about 460 amino
acids, about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380
amino acids, about 360 amino acids, about 340 amino acids, about 320 amino acids,
about 300 amino acids, about 280 amino acids, about 260 amino acids, about 240 amino
acids, about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180
amino acids, about 170 amino acids, about 160 amino acids, about 150 amino acids,
about 140 amino acids, about 130 amino acids, about 120 amino acids, about 110 amino
acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85
amino acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65
amino acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45
amino acids, about 40 amino acids, or about 35 amino acids (inclusive); about 35 amino
acids to about 500 amino acids, about 480 amino acids, about 460 amino acids, about 440
amino acids, about 420 amino acids, about 400 amino acids, about 380 amino acids,
about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300 amino
acids, about 280 amino acids, about 260 amino acids, about 240 amino acids, about 220
amino acids, about 200 amino acids, about 190 amino acids, about 180 amino acids,
about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140 amino
acids, about 130 amino acids, about 120 amino acids, about 110 amino acids, about 100
amino acids, about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80
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amino acids, about 55 amino acids, about 50 amino acids, about 45 amino acids, about 40
amino acids (inclusive); about 40 amino acids to about 500 amino acids, about 480 amino
acids, about 460 amino acids, about 440 amino acids, about 420 amino acids, about 400
amino acids, about 380 amino acids, about 360 amino acids, about 340 amino acids,
about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260 amino
acids, about 240 amino acids, about 220 amino acids, about 200 amino acids, about 190
amino acids, about 180 amino acids, about 170 amino acids, about 160 amino acids,
about 150 amino acids, about 140 amino acids, about 130 amino acids, about 120 amino
acids, about 110 amino acids, about 100 amino acids, about 95 amino acids, about 90
amino acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70
amino acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about 50
amino acids, or about 45 amino acids (inclusive); about 45 amino acids to about 500
amino acids, about 480 amino acids, about 460 amino acids, about 440 amino acids,
about 420 amino acids, about 400 amino acids, about 380 amino acids, about 360 amino
acids, about 340 amino acids, about 320 amino acids, about 300 amino acids, about 280
amino acids, about 260 amino acids, about 240 amino acids, about 220 amino acids,
about 200 amino acids, about 190 amino acids, about 180 amino acids, about 170 amino
acids, about 160 amino acids, about 150 amino acids, about 140 amino acids, about 130
amino acids, about 120 amino acids, about 110 amino acids, about 100 amino acids,
about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids,
about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60 amino acids,
about 55 amino acids, or about 50 amino acids (inclusive); about 50 amino acids to about
500 amino acids, about 480 amino acids, about 460 amino acids, about 440 amino acids,
about 420 amino acids, about 400 amino acids, about 380 amino acids, about 360 amino
acids, about 340 amino acids, about 320 amino acids, about 300 amino acids, about 280
amino acids, about 260 amino acids, about 240 amino acids, about 220 amino acids,
about 200 amino acids, about 190 amino acids, about 180 amino acids, about 170 amino
acids, about 160 amino acids, about 150 amino acids, about 140 amino acids, about 130
amino acids, about 120 amino acids, about 110 amino acids, about 100 amino acids,
about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids,

about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60 amino acids,
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or about 55 amino acids (inclusive); about 55 amino acids to about 500 amino acids,
about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino
acids, about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340
amino acids, about 320 amino acids, about 300 amino acids, about 280 amino acids,
about 260 amino acids, about 240 amino acids, about 220 amino acids, about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160
amino acids, about 150 amino acids, about 140 amino acids, about 130 amino acids,
about 120 amino acids, about 110 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, or about 60 amino acids (inclusive);
about 60 amino acids to about 500 amino acids, about 480 amino acids, about 460 amino
acids, about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380
amino acids, about 360 amino acids, about 340 amino acids, about 320 amino acids,
about 300 amino acids, about 280 amino acids, about 260 amino acids, about 240 amino
acids, about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180
amino acids, about 170 amino acids, about 160 amino acids, about 150 amino acids,
about 140 amino acids, about 130 amino acids, about 120 amino acids, about 110 amino
acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85
amino acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, or about
65 amino acids (inclusive); about 65 amino acids to about 500 amino acids, about 480
amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,
about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino
acids, about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260
amino acids, about 240 amino acids, about 220 amino acids, about 200 amino acids,
about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160 amino
acids, about 150 amino acids, about 140 amino acids, about 130 amino acids, about 120
amino acids, about 110 amino acids, about 100 amino acids, about 95 amino acids, about
90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, or
about 70 amino acids (inclusive); about 70 amino acids to about 500 amino acids, about
480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,

about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino
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acids, about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260
amino acids, about 240 amino acids, about 220 amino acids, about 200 amino acids,
about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160 amino
acids, about 150 amino acids, about 140 amino acids, about 130 amino acids, about 120
amino acids, about 110 amino acids, about 100 amino acids, about 95 amino acids, about
90 amino acids, about 85 amino acids, about 80 amino acids, or about 75 amino acids
(inclusive); about 75 amino acids to about 500 amino acids, about 480 amino acids, about
460 amino acids, about 440 amino acids, about 420 amino acids, about 400 amino acids,
about 380 amino acids, about 360 amino acids, about 340 amino acids, about 320 amino
acids, about 300 amino acids, about 280 amino acids, about 260 amino acids, about 240
amino acids, about 220 amino acids, about 200 amino acids, about 190 amino acids,
about 180 amino acids, about 170 amino acids, about 160 amino acids, about 150 amino
acids, about 140 amino acids, about 130 amino acids, about 120 amino acids, about 110
amino acids, about 100 amino acids, about 95 amino acids, about 90 amino acids, about
85 amino acids, about 80 amino acids, or about 75 amino acids (inclusive); about 75
amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300
amino acids, about 280 amino acids, about 260 amino acids, about 240 amino acids,
about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, about 120 amino acids, about 110 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, or about 80 amino acids (inclusive); about 80 amino acids to about 500 amino
acids, about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420
amino acids, about 400 amino acids, about 380 amino acids, about 360 amino acids,
about 340 amino acids, about 320 amino acids, about 300 amino acids, about 280 amino
acids, about 260 amino acids, about 240 amino acids, about 220 amino acids, about 200
amino acids, about 190 amino acids, about 180 amino acids, about 170 amino acids,
about 160 amino acids, about 150 amino acids, about 140 amino acids, about 130 amino
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amino acids, or about 90 amino acids (inclusive); about 100 amino acids to about 500
amino acids, about 480 amino acids, about 460 amino acids, about 440 amino acids,
about 420 amino acids, about 400 amino acids, about 380 amino acids, about 360 amino
acids, about 340 amino acids, about 320 amino acids, about 300 amino acids, about 280
amino acids, about 260 amino acids, about 240 amino acids, about 220 amino acids,
about 200 amino acids, about 190 amino acids, about 180 amino acids, about 170 amino
acids, about 160 amino acids, about 150 amino acids, about 140 amino acids, about 130
amino acids, about 120 amino acids, or about 110 amino acids (inclusive); about 110
amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300
amino acids, about 280 amino acids, about 260 amino acids, about 240 amino acids,
about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, or about 120 amino acids (inclusive); about 120
amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300
amino acids, about 280 amino acids, about 260 amino acids, about 240 amino acids,
about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, or about 120 amino acids (inclusive); about 120
amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300
amino acids, about 280 amino acids, about 260 amino acids, about 240 amino acids,
about 220 amino acids, about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, or about 130 amino acids (inclusive); about 130 amino acids to about 500
amino acids, about 480 amino acids, about 460 amino acids, about 440 amino acids,

about 420 amino acids, about 400 amino acids, about 380 amino acids, about 360 amino
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acids, about 340 amino acids, about 320 amino acids, about 300 amino acids, about 280
amino acids, about 260 amino acids, about 240 amino acids, about 220 amino acids,
about 200 amino acids, about 190 amino acids, about 180 amino acids, about 170 amino
acids, about 160 amino acids, about 150 amino acids, or about 140 amino acids
(inclusive); about 140 amino acids to about 500 amino acids, about 480 amino acids,
about 460 amino acids, about 440 amino acids, about 420 amino acids, about 400 amino
acids, about 380 amino acids, about 360 amino acids, about 340 amino acids, about 320
amino acids, about 300 amino acids, about 280 amino acids, about 260 amino acids,
about 240 amino acids, about 220 amino acids, about 200 amino acids, about 190 amino
acids, about 180 amino acids, about 170 amino acids, about 160 amino acids, or about
150 amino acids (inclusive); about 150 amino acids to about 500 amino acids, about 480
amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,
about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino
acids, about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260
amino acids, about 240 amino acids, about 220 amino acids, about 200 amino acids,
about 190 amino acids, about 180 amino acids, about 170 amino acids, or about 160
amino acids (inclusive); about 160 amino acids to about 500 amino acids, about 480
amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,
about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino
acids, about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260
amino acids, about 240 amino acids, about 220 amino acids, about 200 amino acids,
about 190 amino acids, about 180 amino acids, or about 170 amino acids (inclusive);
about 170 amino acids to about 500 amino acids, about 480 amino acids, about 460
amino acids, about 440 amino acids, about 420 amino acids, about 400 amino acids,
about 380 amino acids, about 360 amino acids, about 340 amino acids, about 320 amino
acids, about 300 amino acids, about 280 amino acids, about 260 amino acids, about 240
amino acids, about 220 amino acids, about 200 amino acids, about 190 amino acids, or
about 180 amino acids (inclusive); about 180 amino acids to about 500 amino acids,
about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino
acids, about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340
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about 260 amino acids, about 240 amino acids, about 220 amino acids, about 200 amino
acids, or about 190 amino acids (inclusive); about 190 amino acids to about 500 amino
acids, about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420
amino acids, about 400 amino acids, about 380 amino acids, about 360 amino acids,
about 340 amino acids, about 320 amino acids, about 300 amino acids, about 280 amino
acids, about 260 amino acids, about 240 amino acids, about 220 amino acids, or about
200 amino acids (inclusive); about 200 amino acids to about 500 amino acids, about 480
amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,
about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino
acids, about 320 amino acids, about 300 amino acids, about 280 amino acids, about 260
amino acids, about 240 amino acids, or about 220 amino acids (inclusive); about 220
amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, about 300
amino acids, about 280 amino acids, about 260 amino acids, or about 240 amino acids
(inclusive); about 240 amino acids to about 500 amino acids, about 480 amino acids,
about 460 amino acids, about 440 amino acids, about 420 amino acids, about 400 amino
acids, about 380 amino acids, about 360 amino acids, about 340 amino acids, about 320
amino acids, about 300 amino acids, about 280 amino acids, or about 260 amino acids
(inclusive); about 260 amino acids to about 500 amino acids, about 480 amino acids,
about 460 amino acids, about 440 amino acids, about 420 amino acids, about 400 amino
acids, about 380 amino acids, about 360 amino acids, about 340 amino acids, about 320
amino acids, about 300 amino acids, or about 280 amino acids (inclusive); about 280
amino acids to about 500 amino acids, about 480 amino acids, about 460 amino acids,
about 440 amino acids, about 420 amino acids, about 400 amino acids, about 380 amino
acids, about 360 amino acids, about 340 amino acids, about 320 amino acids, or about
300 amino acids (inclusive); about 300 amino acids to about 500 amino acids, about 480
amino acids, about 460 amino acids, about 440 amino acids, about 420 amino acids,
about 400 amino acids, about 380 amino acids, about 360 amino acids, about 340 amino
acids, or about 320 amino acids (inclusive); about 320 amino acids to about 500 amino
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amino acids, about 400 amino acids, about 380 amino acids, about 360 amino acids, or
about 340 amino acids (inclusive); about 340 amino acids to about 500 amino acids,
about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420 amino
acids, about 400 amino acids, about 380 amino acids, or about 360 amino acids
(inclusive); about 360 amino acids to about 500 amino acids, about 480 amino acids,
about 460 amino acids, about 440 amino acids, about 420 amino acids, about 400 amino
acids, or about 380 amino acids (inclusive); about 380 amino acids to about 500 amino
acids, about 480 amino acids, about 460 amino acids, about 440 amino acids, about 420
amino acids, or about 400 amino acids (inclusive); about 400 amino acids to about 500
amino acids, about 480 amino acids, about 460 amino acids, about 440 amino acids, or
about 420 amino acids (inclusive); about 420 amino acids to about 500 amino acids,
about 480 amino acids, about 460 amino acids, or about 440 amino acids (inclusive);
about 440 amino acids to about 500 amino acids, about 480 amino acids, or about 460
amino acids (inclusive); about 460 amino acids to about 500 amino acids or about 480
amino acids (inclusive); or about 480 amino acids to about 500 amino acids (inclusive).

In some embodiments, one or more amino acids between the extracellular
antigen-binding domain and the transmembrane domain is a sequence from the same
endogenous single-chain polypeptide from which the transmembrane domain is derived
(e.g., a CD8a hinge region, e.g., SEQ ID NO: 112). In some embodiments, a sequence
comprising SEQ ID NO: 42, 55, or 112 is positioned between the extracellular antigen-
binding domain and the transmembrane domain. In some embodiments, one or more
amino acids between the extracellular antigen-binding domain and the transmembrane
domain is or includes a hinge region sequence of an antibody such as, without limitation,
a human antibody (e.g., IgG1, IgG2, 1gG3, or [gG4). In some embodiments, one or more
amino acids between the extracellular antigen-binding domain and the transmembrane
domain is or comprises a linker sequence (e.g., a non-naturally occurring linker sequence,
e.g., GS or any of the other linker sequences described herein).

In some embodiments of the single-chain chimeric antigen receptors, after the
hormone receptor ligand binding domain, the next domain is a costimulatory domain
followed by an ITAM. In some of these embodiments, one or more amino acids between

the hormone receptor ligand binding domain and the costimulatory domain is or includes
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a sequence from the same endogenous single-chain polypeptide from which the
costimulatory domain is derived or the ITAM is derived. In some of these embodiments,
one or more amino acids between the hormone receptor ligand binding domain and the
costimulatory domain is or includes a linker sequence (e.g., a non-naturally occurring
linker sequence). In some embodiments, one or more amino acids between the
costimulatory domain and the ITAM is or includes a sequence from the same endogenous
single-chain polypeptide from which the costimulatory domain is derived or the ITAM is
derived.

In some embodiments of the single-chain chimeric antigen receptors, after the
hormone receptor ligand binding domain, the next domain is a costimulatory domain
followed by an ITAM. In some embodiments of the single-chain chimeric antigen
receptors, after the ligand binding domain, the next domain is an ITAM, followed by the
costimulatory domain. In some of these embodiments, one or more amino acids between
the hormone receptor ligand binding domain and the ITAM is or includes a sequence
from the same endogenous single-chain polypeptide from which the costimulatory
domain is derived or the ITAM is derived. In some of these embodiments, one or more
amino acids between the hormone receptor ligand binding domain and the ITAM is or
includes a linker sequence (e.g., a non-naturally occurring linker sequence). In some
embodiments, one or more amino acids between the ITAM and the costimulatory domain
is or includes a sequence from the same endogenous single-chain polypeptide from which
the ITAM is derived or the costimulatory domain is derived.

In some embodiments, where two or more costimulatory domains are included in
the single-chain chimeric antigen receptor, the two or more costimulatory domains can be
placed between the hormone receptor ligand binding domain and one or more ITAMs. In
some embodiments of the single-chain chimeric antigen receptors described herein, the
costimulatory domains and ITAMs can alternate in the primary amino acid sequence of
the single-chain chimeric antigen receptor.

Some embodiments of any of the single-chain chimeric antigen receptors
described herein can further include a dimerization domain and/or a peptide tag.

In some examples, a single-chain chimeric antigen receptor can comprise a

sequence that is at least 80% (e.g., at least 82%, at least 84%, at least 86%, at least 88%,
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at least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99%, or
100%) identical to: SEQ ID NO: 31, 33, 35, 37, 39, or 52.

Single-Chain Chimeric Antigen Receptor — Extracellular Hormone Receptor LBD

Also provided herein are single-chain chimeric antigen receptors that include: an
extracellular antigen-binding domain (e.g., any of the antigen-binding domains described
herein or known in the art), an extracellular hormone receptor ligand binding domain
(e.g., any of the hormone receptor ligand binding domain described herein or known in
the art), a transmembrane domain (e.g., any of the transmembrane domains described
herein or known in the art), a costimulatory domain (e.g., any of the costimulatory
domains described herein or known in the art), and an immunoreceptor tyrosine-based
activation motif (ITAM), where: the transmembrane domain and the extracellular
hormone ligand binding domain directly abut each other or are separated by 1 to about
800 amino acids (e.g., any of the subranges of this range described herein), and the
transmembrane domain and the extracellular hormone receptor ligand binding domain are
not present in the same endogenous single-chain polypeptide in a mammal. The single-
chain chimeric antigen receptors described herein can bind to any of the exemplary
antigens described herein or any other antigen known in the art. In some embodiments,
the single-chain chimeric antigen receptor binds specifically to a single antigen (e.g., any
of the exemplary antigens described herein). In some embodiments, the single-chain
chimeric antigen receptor binds specifically to two different antigens (e.g., any
combination of the exemplary antigens described herein).

In some embodiments of these single-chain chimeric antigen receptors, the
transmembrane domain abuts the extracellular hormone receptor ligand binding domain.
In some embodiments of these single-chain chimeric antigen receptors, the
transmembrane domain and the extracellular hormone receptor ligand binding domain are
separated by 1 to about 800 amino acids (e.g., or any of the subranges of this range
described herein). In some embodiments, the amino acids between the transmembrane
domain and the extracellular hormone receptor ligand binding domain do not comprise a
domain. In other embodiments, the amino acids between the transmembrane domain and

the extracellular hormone receptor ligand binding domain includes one or more
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intervening domain (e.g., the antigen-binding domain or an additional antigen-binding
domain). In some embodiments, the amino acids between the transmembrane domain
and the extracellular hormone receptor ligand binding domain includes a sequence from
the same endogenous transmembrane protein from which the transmembrane domain is
derived. In some embodiments, the amino acids between the transmembrane domain and
the extracellular hormone receptor ligand binding domain include a linker sequence.

Some embodiments of these single-chain chimeric antigen receptors can include
one or more (e.g., two, three, four, or five) costimulatory domain(s) (e.g., any
combination of any of the exemplary costimulatory domains described herein or known
in the art). Some embodiments of these single-chain chimeric antigen receptors include
one or both of a 4-1BB costimulatory domain and a CD28 costimulatory domain.

Some embodiments of these single-chain chimeric antigen receptors can include
one or more (e.g., two, three, four, or five) ITAMs (e.g., any of the ITAMs described
herein or known in the art). In some embodiments of these single-chain chimeric antigen
receptors, the ITAM includes a cytoplasmic signaling sequence from CD3( (e.g., human
CD30).

In some embodiments of any of these single-chain chimeric antigen receptors, any
two neighboring domains can be separated by 1 amino acids to about 500 amino acids
(e.g., or any of the subranges of this range described herein).

In some embodiments, one or more amino acids between the extracellular
hormone receptor ligand binding domain or the extracellular antigen-binding domain and
the transmembrane domain is a sequence from the same endogenous single-chain
polypeptide from which the transmembrane domain is derived (e.g., a hinge sequence
from human CD8aq, e.g., SEQ ID NO: 112). In some embodiments, a sequence
comprising SEQ ID NO: 42, 55, or 112 is positioned between the extracellular hormone
receptor ligand binding domain or the extracellular antigen-binding domain and the
transmembrane domain. In some embodiments, one or more amino acids between the
extracellular antigen-binding domain or the extracellular hormone receptor ligand
binding domain and the transmembrane domain is or includes a hinge region sequence of
an antibody such as, without limitation, a human antibody (e.g., IgG1, IgG2, IgG3, or

IgG4). In some embodiments, one or more amino acids between the extracellular
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antigen-binding domain or the extracellular hormone receptor ligand binding domain
(e.g., any of the hormone receptor ligand binding domain described herein or known in
the art) and the transmembrane domain is or comprises a linker sequence (e.g., a non-
naturally occurring linker sequence). In some embodiments, one or more amino acids
between the extracellular antigen-binding domain and the extracellular hormone receptor
ligand binding domain is or comprises a linker sequence (e.g., a non-naturally occurring
linker sequence, e.g., GS or any of the other linker sequences described herein)).

In some embodiments of the single-chain chimeric antigen receptors, after the
transmembrane domain, the next domain is a costimulatory domain followed by an
ITAM. In some embodiments of the single-chain chimeric antigen receptors, after the
transmembrane domain, the next domain is an ITAM, followed by the costimulatory
domain. In some of these embodiments, one or more amino acids between the
transmembrane domain and the costimulatory domain or the ITAM is or includes a
sequence from the same endogenous single-chain polypeptide from which the
costimulatory domain is derived or the ITAM is derived, respectively. In some of these
embodiments, one or more amino acids between the transmembrane domain and the
costimulatory domain or the ITAM is or includes a linker sequence (e.g., a non-naturally
occurring linker sequence). In some of these embodiments, one or more amino acids
between the the costimulatory domain and the ITAM is or includes a linker sequence
(e.g., a non-naturally occurring linker sequence). In some embodiments, one or more
amino acids between the costimulatory domain and the ITAM is or includes a sequence
from the same endogenous single-chain polypeptide from which the costimulatory
domain is derived or the ITAM is derived.

In some embodiments, where two or more costimulatory domains are included in
the single-chain chimeric antigen receptor, the two or more costimulatory domains can be
placed between the one or more ITAMs. In some embodiments, where two or more
ITAMs are included in the single-chain chimeric antigen receptor, the two or more
ITAMs can be placed between the one or more costimulatory molecules. In some
embodiments of the single-chain chimeric antigen receptors described herein, the
costimulatory domains and ITAMs can alternate in the primary amino acid sequence of

the single-chain chimeric antigen receptor.
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Some embodiments of any of the single-chain chimeric antigen receptors
described herein can further include a dimerization domain and/or a peptide tag.

In some embodiments, when going in the N-terminal to C-terminal direction, the
single-chain chimeric antigen receptor comprises the extracellular antigen-binding
domain, the extracellular hormone receptor ligand binding domain, the transmembrane
domain, the intracellular costimulatory domain, and the ITAM. In some embodiments,
when going in the C-terminal to the N-terminal direction, the single-chain chimeric
antigen receptor comprises the extracellular antigen-binding domain, the extracellular
hormone receptor ligand binding domain, the transmembrane domain, the intracellular
costimulatory domain, and the ITAM. In some embodiments, when going in the N-
terminal to the C-terminal direction, the single-chain chimeric antigen receptor comprises
the extracellular hormone receptor ligand binding domain, the extracellular antigen-
binding domain, the transmembrane domain, the intracellular costimulatory domain, and
the ITAM. In some embodiments, when going in the C-terminal to the N-terminal
direction, the single-chain chimeric polypeptide comprises the extracellular hormone
receptor ligand binding domain, the extracellular antigen-binding domain, the
transmembrane domain, the intracellular costimulatory domain, and the ITAM.

In some examples, a single-chain chimeric antigen receptor can comprise a
sequence that is at least 80% (e.g., at least 82%, at least 84%, at least 86%, at least 88%,
at least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99%, or
100%) identical to SEQ ID NO: 98.

Multi-Chain Chimeric Antigen Receptor

Multi-Chain Chimeric Antigen Receptors — Intracellular Hormone Receptor LBD

Also provided herein are multi-chain chimeric antigen receptors that include at
least one first polypeptide including: an extracellular antigen-binding domain (e.g., any of
the antigen-binding domains described herein or known in the art), a transmembrane
domain (e.g., any of the transmembrane domains described herein or known in the art),
and a hormone receptor ligand binding domain (e.g., any of the hormone receptor ligand

binding domains described herein or known in the art), where the transmembrane domain
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and the hormone receptor ligand binding domain directly abut each other or are separated
by 1 to about 800 amino acids (e.g., any of the subranges of this range described herein),
and the transmembrane domain and the hormone receptor ligand binding domain are not
both present in the same (a single) endogenous single-chain polypeptide. The antigen
specifically bound by the antigen-binding domain in any of these multi-chain chimeric
antigen receptors can be any of the antigens described herein or known in the art. In
some embodiments, the multi-chain chimeric antigen receptor only binds specifically to a
single antigen (e.g., any of the exemplary antigens described herein). In some
embodiments, the multi-chain chimeric antigen receptor binds specifically to two
different antigens (e.g., any combination of any of the exemplary antigens described
herein).

In some embodiments of the multi-chain chimeric antigen receptors, the
extracellular antigen-binding domain and the transmembrane domain in the at least one
first polypeptide abut each other. In some embodiments of the multi-chain chimeric
antigen receptors, 1 to about 500 amino acids (e.g., any of the subranges of this range
described herein) are between the extracellular antigen-binding domain and the
transmembrane domain in the at least one first polypeptide. In some embodiments, one
or more amino acids between the extracellular antigen-binding domain and the
transmembrane domain in the at least one first polypeptide is a sequence from the same
endogenous single-chain polypeptide from which the transmembrane domain is derived.
In some embodiments, one or more amino acids between the extracellular antigen-
binding domain and the transmembrane domain of the at least one first polypeptide is or
includes a hinge region sequence of human antibody (e.g., IgG1, IgG2, IgG3, or 1gG4).
In some embodiments, one or more amino acids between the extracellular antigen-
binding domain and the transmembrane domain in the at least one first polypeptide is or
includes a linker sequence (e.g., a non-naturally occurring linker sequence).

In some embodiments of these multi-chain chimeric antigen receptors, the
transmembrane domain abuts the hormone receptor ligand binding domain in the at least
one first polypeptide. In some embodiments of these multi-chain chimeric antigen
receptors, the transmembrane domain and the hormone receptor ligand binding domain in

the at least one first polypeptide are separated by 1 to about 800 amino acids (e.g., or any
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of the subranges of this range described herein). In some embodiments, the amino acids
between the transmembrane domain and the hormone receptor ligand binding domain in
the at least one first polypeptide do not comprise a domain. In other embodiments, the
amino acids between the transmembrane domain and the hormone receptor ligand
binding domain in the at least one first polypeptide includes one or more intervening
domain (e.g., one or more costimulatory domains (e.g., any of the costimulatory domains
described herein) and/or one or more ITAMs (e.g., any of the ITAMs described herein)).
In some embodiments, the amino acids between the transmembrane domain and the
hormone receptor ligand binding domain in the at least one first polypeptide includes a
sequence from the same endogenous transmembrane protein from which the
transmembrane domain is derived. In some embodiments, the amino acids between the
transmembrane domain and the hormone receptor ligand binding domain in the at least
one first polypeptide include a linker sequence (e.g., a non-naturally occurring linker
sequence).

In some embodiments of these multi-chain chimeric antigen receptors, the at least
one first polypeptide can further include one or more (e.g., two or three) of: a dimerizing
domain (e.g., any dimerizing domain known in the art), a costimulatory domain (e.g., any
of the costimulatory domains described herein), and/or a peptide tag (e.g., any peptide tag
known in the art).

Some embodiments of these multi-chain chimeric antigen receptors further
include a second polypeptide that can include one or more (e.g., two, three, or four) of: a
transmembrane domain (e.g., any of the transmembrane domains described herein), a
dimerizing domain (e.g., a dimerizing domain that can interact with a dimerizing domain
in the at least one first polypeptide in a mammalian cell), one or more costimulatory
domains (e.g., any of the costimulatory domains described herein), and one or more
ITAM (e.g., any of the ITAMs described herein). As can be appreciated by those in the
art, a pair or each pair of neighboring domains in the second polypeptide can abut each
other or can be separated by 1 to about 800 amino acids (e.g., any of the subranges of this
range described herein). The one or more amino acids between a pair of neighboring

domains in the second polypeptide can be a sequence from an endogenous single-chain
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polypeptide from which a transmembrane, a costimulatory domain, or an ITAM present

in the second polypeptide has been derived.

Multi-Chain Chimeric Antigen Receptors — Extracellular Hormone Receptor LBD

Also provided herein are multi-chain chimeric antigen receptors that include at
least one first polypeptide including: an extracellular antigen-binding domain (e.g., any of
the antigen-binding domains described herein or known in the art), an extracellular
hormone receptor ligand binding domain (e.g., any of the hormone receptor ligand
binding domains described herein or known in the art), and a transmembrane domain
(e.g., any of the transmembrane domains described herein or known in the art), where the
transmembrane domain and the extracellular hormone receptor ligand binding domain
directly abut each other or are separated by 1 to about 800 amino acids (e.g., any of the
subranges of this range described herein), and the transmembrane domain and the
hormone receptor ligand binding domain are both not present in a single endogenous
single-chain polypeptide. The antigen specifically bound by the antigen-binding domain
in any of these multi-chain chimeric antigen receptors can be any of the antigens
described herein or known in the art. In some embodiments, the multi-chain chimeric
antigen receptor only binds specifically to a single antigen (e.g., any of the exemplary
antigens described herein). In some embodiments, the multi-chain chimeric antigen
receptor binds specifically to two different antigens (e.g., any combination of any of the
exemplary antigens described herein).

In some embodiments of the multi-chain chimeric antigen receptors, the
extracellular hormone receptor ligand binding domain and the transmembrane domain in
the at least one first polypeptide abut each other. In some embodiments of the multi-
chain chimeric antigen receptors, 1 to about 700 amino acids (e.g., any of the subranges
of this range described herein) are between the extracellular hormone receptor ligand
binding domain and the transmembrane domain in the at least one first polypeptide. In
some embodiments, one or more amino acids between the extracellular hormone receptor
ligand binding domain and the transmembrane domain in the at least one first polypeptide
is a sequence from the same endogenous single-chain polypeptide from which the

transmembrane domain is derived. In some embodiments, one or more amino acids
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between the extracellular hormone receptor ligand binding domain and the
transmembrane domain of the at least one first polypeptide is or includes a hinge region
sequence of human antibody (e.g., IgG1, IgG2, IgG3, or IgG4). In some embodiments,
one or more amino acids between the extracellular hormone receptor ligand binding
domain and the transmembrane domain in the at least one first polypeptide is or includes
a linker sequence (e.g., a non-naturally occurring linker sequence). In some
embodiments, one or more amino acids between the extracellular hormone receptor
ligand binding domain and the antigen-binding domain is or includes a linker sequence
(e.g., a non-naturally occurring linker sequence).

In some embodiments of these multi-chain chimeric antigen receptors, the
transmembrane domain abuts the extracellular hormone receptor ligand binding domain
in the at least one first polypeptide. In some embodiments of these multi-chain chimeric
antigen receptors, the transmembrane domain and the extracellular hormone receptor
ligand binding domain in the at least one first polypeptide are separated by 1 to about 800
amino acids (e.g., or any of the subranges of this range described herein). In some
embodiments, the amino acids between the transmembrane domain and the extracellular
hormone receptor ligand binding domain in the at least one first polypeptide do not
comprise a domain.

In some embodiments, the amino acids between the transmembrane domain and
the extracellular hormone receptor ligand binding domain in the at least one first
polypeptide includes one or more intervening domain (e.g., the antigen-binding domain).
In some embodiments, the amino acids between the transmembrane domain and the
antigen-binding domain in the at least one first polypeptide includes a sequence from the
same endogenous transmembrane protein from which the transmembrane domain is
derived. In some embodiments, the amino acids between the transmembrane domain and
the antigen-binding domain in the at least one first polypeptide include a linker sequence
(e.g., a non-naturally occurring linker sequence). In some embodiments, one or more
amino acids between the antigen-binding domain and the transmembrane domain of the
at least one first polypeptide is or includes a hinge region sequence of human antibody
(e.g., IgGl, IgG2, IgG3, or IgG4). In some embodiments, one or more amino acids

between the antigen-binding domain and the extracellular hormone receptor ligand
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binding domain in the at least one first polypeptide is or includes a linker sequence (e.g.,
a non-naturally occurring linker sequence).

In some embodiments, when going in the N-terminal to C-terminal direction, the
at least one first polypeptide comprises the extracellular antigen-binding domain, the
extracellular hormone receptor ligand binding domain, and the transmembrane domain.
In some embodiments, when going in the C-terminal to N-terminal direction, the at least
one first polypeptide comprises the extracellular antigen-binding domain, the
extracellular hormone receptor ligand binding domain, and the transmembrane domain.
In some embodiments, when going in the N-terminal to C-terminal direction, the at least
one first polypeptide comprises the extracellular hormone receptor ligand binding
domain, the extracellular antigen-binding domain, and the transmembrane domain. In
some embodiments, when going in the C-terminal to N-terminal direction, the at least one
first polypeptide comprises the extracellular hormone receptor ligand binding domain, the
extracellular antigen-binding domain, and the transmembrane domain.

In some embodiments of these multi-chain chimeric antigen receptors, the at least
one first polypeptide can further include one or more (e.g., two or three) of: a dimerizing
domain (e.g., any dimerizing domain known in the art), a costimulatory domain (e.g., any
of the costimulatory domains described herein), and/or a peptide tag (e.g., any peptide tag
known in the art).

Some embodiments of these multi-chain chimeric antigen receptors further
include a second polypeptide that can include one or more (e.g., two, three, or four, in
any order or combination) of: a transmembrane domain (e.g., any of the transmembrane
domains described herein), a dimerizing domain (e.g., a dimerizing domain that can
interact with a dimerizing domain in the at least one first polypeptide in a mammalian
cell), one or more costimulatory domains (e.g., any of the costimulatory domains
described herein), and one or more ITAM (e.g., any of the ITAMs described herein). As
can be appreciated by those in the art, a pair or each pair of neighboring domains in the
second polypeptide can abut each other or can be separated by 1 to about 800 amino acids
(e.g., any of the subranges of this range described herein). The one or more amino acids
between a pair of neighboring domains in the second polypeptide can be a sequence from

an endogenous single-chain polypeptide from which a transmembrane, a costimulatory
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domain, or an ITAM present in the second polypeptide has been derived. The one or
more amino acids between a pair of neighboring domains in the second polypeptide can
be or include a linker sequence (e.g., a non-naturally occurring linker sequence).

As can be appreciated in the art, the two or more polypeptides present in a multi-
chain chimeric antigen receptor can associate via pair of domains that interact with each
other (through dimerizing domains). In some embodiments, the interaction between
dimerizing domains can be triggered by the addition of a small molecule. In some
embodiments, the two or more polypeptides present in a multi-meric chimeric antigen
receptor can associate through non-covalent interactions (e.g., between associations
between dimerizing domains). In some embodiments, the two or more polypeptides
present in a multi-meric chimeric antigen receptor can be through a covalent interaction
(e.g., through a disulfide bond, through an ester bond, through an amide bond, through a

thioester bond, or a combination thereof).

Transmembrane Domains

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
transmembrane domain, or portion thereof, from an endogenous polypeptide, where the
endogenous polypeptide is selected from the group g of: an a chain of a T cell receptor, a
B chain of the T cell receptor, a { chain of the T cell receptor, CD28 (also known as
Tp44), CD3e, CD36 , CD3y, CD33, CD37 (also known as GP52-40 or TSPAN26), CD64
(also known as FCGR1A), CD80 (also known as B7, B7-1, B7.1, BB1, CD28LG,
CD28LG1, and LAB7), CD45 (also known as PTPRC, B220, CD45R, GP180, L-CA,
LCA, LYS5, T200, and protein tyrosine phosphatase, receptor type C), CD4, CD5 (also
known as LEU1 and T1), CD8a (also known as Leu2, MAL, and p32), CD9 (also known
as BTCC-1, DRAP-27, MIC3, MRP-1, TSPAN-29, and TSPAN29), CD16 (also known
as FCGR3 andFCG3), CD22 (also known as SIGLEC-2 and SIGLEC2), CD86 (also
known as B7-2, B7.2, B70, CD28LG2, and LAB72), CD134 (also known as TNFRSF4,
ACT35, RP5-902P8.3, IMD16, 0X40, TXGP1L, and tumor necrosis factor receptor
superfamily member 4), CD137 (also known as TNFRSF9, 4-1BB, CDw137, ILA, and

tumor necrosis factor receptor superfamily member 9), CD27 (also known as S152,
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S152.LPFS2, T14, TNFRSF7, and Tp55), CD152 (also known as CTLA4, ALPSS,
CELIAC3, CTLA-4, GRD4, GSE, IDDM12, and cytotoxic T-lymphocyte associated
protein 4), PD1 (also known as PDCD1, CD279, PD-1, SLEB2, hPD-1, hPD-1, hSLEI,
and Programmed cell death 1), ICOS (also known as AILIM, CD278, and CVID1),
CD272 (also known as BTLA and BTLAT), CD30 (also known as TNFRSFS8, D1S166E,
and Ki-1), GITR (also known as TNFRSF18, RP5-902P8.2, AITR, CD357, and GITR-
D), HVEM (also known as TNFRSF14, RP3-395M20.6, ATAR, CD270, HVEA, HVEM,
LIGHTR, and TR2), DAP10, and CD154 (also known as CD40LG, CD40L, HIGM1,
IGM, IMD3, T-BAM, TNFSF5, TRAP, gp39, hCD40L, and CDA40 ligand). The letters
“CD” is the previous sentence stand for “Cluster of Differentiation.” E.g., CD3 stands
for “Cluster of Differentiation 3.” In some embodiments, a single-chain chimeric
polypeptide, a single-chain chimeric antigen receptor, or a multi-chain chimeric antigen
receptor includes a transmembrane domain, or portion thereof, from an endogenous
mammalian (e.g., human) polypeptide (e.g., a mammalian or human homolog of any of
the polypeptides listed above).

Any transmembrane domain, or portion thereof, that serves to anchor an
endogenous polypeptide in a lipid bilayer (e.g., plasma membrane) of a mammalian cell
is suitable for use in accordance with compositions and methods disclosed herein. In
some embodiments, a single-chain chimeric polypeptide, a single-chain chimeric antigen
receptor, or a multi-chain chimeric antigen receptor includes a transmembrane domain, or
portion thereof, from human CD28, e.g., Accession No. P01747, e.g., amino acids 153 to
179 of SEQ ID NO: 1. In some embodiments, a single-chain chimeric polypeptide, a
single-chain chimeric antigen receptor, or a multi-chain chimeric antigen receptor
includes a transmembrane domain that is at least 80% (e.g., at least 82%, at least 84%, at
least 85%, at least 86%, at least 88%, at least 90%, at least 92%, at least 94%, at least
95%, at least 96%, at least 98%, or at least 99% identical) to amino acids 153 to 179 of
SEQ ID NO: 1, or a portion thereof.

In some embodiments, transmembrane domain can comprise a sequence at least
80% (e.g., at least 82%, at least 84%, at least 86%, at least 88%, at least 90%, at least
92%, at least 94%, at least 96%, at least 98%, at least 99%, or 100% identical) to SEQ ID
NO: 114 (or a portion thereof).
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SEQ ID NO: 1
MLRLLLALNLFPSIQVTGNKILVKQSPMLVAYDNAVNLSCKYSYNLFSREFRASL
HKGLDSAVEVCVVYGNYSQQLQVYSKTGFNCDGKLGNESVTFYLQNLYVNQT
DIYFCKIEVMYPPPYLDNEKSNGTIHHVKGKHLCPSPLFPGPSKPFWVLVVVGGVL
ACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAA
YRS

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
transmembrane domain, or portion thereof, from human CD3, e.g., Accession No.
P20963, e.g., amino acids 31 to 51 of SEQ ID NO: 2. In some embodiments, a single-
chain chimeric polypeptide, a single-chain chimeric antigen receptor, or a multi-chain
chimeric antigen receptor includes a transmembrane domain that is or includes a
sequence that is at least 80% (e.g., at least 82%, at least 84%, at least 85%, at least 86%,
at least 88%, at least 90%, at least 92%, at least 94%, at least 95%, at least 96%, at least
98%, or at least 99% identical) to amino acids 31 to 51 of SEQ ID NO: 2.

SEQ ID NO: 2
MKWKALFTAAILQAQLPITEAQSFGLLDPKLCYLLDGILFIYGVILTALFLRVKEFS
RSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA
LPPR

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
transmembrane domain, or portion thereof, of any one of SEQ ID Nos. 3-9.

LGLLVAGVLVLLVSLGVAIHLCC (SEQ ID NO: 3);

VAAILGLGLVLGLLGPLAILLALYLL (SEQ ID NO: 4);

ALIVLGGVAGLLLFIGLGIFFCVRC (SEQ ID NO: 5);

LCYLLDGILFIYGVILTALFLRYV (SEQ ID NO: 6);
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WVLVVVGGVLACYSLLVTVAFIIFWV (SEQ ID NO: 7);
IYIWAPLAGTCGVLLLSLVITLYC (SEQ ID NO: 8); and
ALPAALAVISFLLGLGLGVACVLA (SEQ ID NO: 9).

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
transmembrane domain that is or includes a sequence that is at least 80% (e.g., at least
82%, at least 84%, at least 85%, at least 86%, at least 88%, at least 90%, at least 92%, at
least 94%, at least 95%, at least 96%, at least 98%, or at least 99% identical) to any one
of SEQ ID Nos. 3-9.

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
transmembrane domain that is or includes a sequence that is at least 80% (e.g., at least
82%, at least 84%, at least 85%, at least 86%, at least 88%, at least 90%, at least 92%, at
least 94%, at least 95%, at least 96%, at least 98%, or at least 99% identical) to SEQ ID
NO: 43, 56, or 114.

As will be appreciated by those of ordinary skill in the art, certain endogenous
polypeptides have two or more isoforms that differ at least in their primary polypeptide
sequence. A single-chain chimeric polypeptide, a single-chain chimeric antigen receptor,
or a multi-chain chimeric antigen receptor disclosed herein can include a transmembrane
domain that includes a sequence of amino acids from any isoform of an endogenous
transmembrane protein (e.g., an endogenous mammalian, e.g., human, transmembrane
protein) including, e.g., an isoform (e.g., a human isoform) of: an a chain ofa T cell
receptor, a 3 chain of the T cell receptor, a C chain of the T cell receptor, CD28, CD3e,
CD36, CD3y, CD33, CD37, CD64, CD80, CD45, CD4, CDS5, CD8a, CD9, CD16, CD22,
CD86, CD134, CD137, CD27, CD152, PD1, or CD154.

In some embodiments, a transmembrane domain, or portion thereof, of a single-
chain chimeric polypeptide, a single-chain chimeric antigen receptor, or a multi-chain
chimeric antigen receptor includes a sequence of amino acids that exhibits at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity to the transmembrane domains from one or more of the following

endogenous mammalian (e.g., human) transmembrane proteins: an o chain of a T cell
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receptor, a B chain of the T cell receptor, a { chain of the T cell receptor, CD28, CD3g,
CD36, CD3y, CD33, CD37, CD64, CD80, CD45, CD4, CDS5, CD8a, CD9, CD16, CD22,
CD86, CD134, CD137, CD27, CD152, PD1, or CD154. In some embodiments, a
transmembrane domain, or portion thereof, of a single-chain chimeric polypeptide, a
single-chain chimeric antigen receptor, or a multi-chain chimeric antigen receptor
includes a sequence of amino acids having one or more amino acid substitutions,
deletions, or additions as compared to the transmembrane domain of an endogenous
mammalian (e.g., human) transmembrane protein: an o chain of a T cell receptor, a 3
chain of the T cell receptor, a { chain of the T cell receptor, CD28, CD3¢, CD30, CD3y,
CD33, CD37, CD64, CD80, CD45, CD4, CDS, CD8a, CD9, CD16, CD22, CDS6,
CD134,CD137,CD27,CD152, PDI, or CD154.

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a synthetic
transmembrane domain. In some cases, a synthetic transmembrane domain can include
predominantly hydrophobic residues such as, without limitation, leucine and valine. In
some embodiments, a synthetic transmembrane domain includes a triplet of
phenylalanine, tryptophan, and valine at each end of the domain.

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
transmembrane domain that is a chimeric transmembrane domain having portions of a
transmembrane domain from two or more endogenous mammalian (e.g., human)
transmembrane polypeptides such as, without limitation, an o chain of a T cell receptor, a
B chain of the T cell receptor, a { chain of the T cell receptor, CD28, CD3¢, CD36, CD3y,
CD33, CD37, CD64, CD80, CD45, CD4, CDS5, CD8a, CD9, CD16, CD22, CDS6,
CD134, CD137,CD27, CD152, PD1, and CD154, such that the two or more portions of
transmembrane domains together constitute a functional transmembrane domain. In
some embodiments, such a portion of a chimeric transmembrane domain can include one
or more amino acid substitutions, deletions, or additions as compared to a corresponding
portion of a wild type transmembrane domain.

A transmembrane domain can include one, two, three, four, five, six, seven, eight,

nine, or ten contiguous amino acid sequences that each traverse a lipid bilayer when

104



10

15

20

25

30

1002842719

present in the corresponding endogenous polypeptide when expressed in a mammalian
cell. As is known in the art, a transmembrane domain can, e.g., include at least one (e.g.,
two, three, four, five, six, seven, eight, nine, or ten) contiguous amino acid sequence (that
traverses a lipid bilayer when present in the corresponding endogenous polypeptide when
expressed in a mammalian cell) that has a-helical secondary structure in the lipid bilayer.
In some embodiments, a transmembrane domain can include two or more contiguous
amino acid sequences (that each traverse a lipid bilayer when present in the
corresponding endogenous polypeptide when expressed in a mammalian cell) that form a
B-barrel secondary structure in the lipid bilayer. Additional examples and features of

transmembrane domains are known in the art.

Hormone Receptor Ligand Binding Domains

In some embodiments, the hormone receptor ligand binding domain is or
comprises an estrogen receptor ligand binding domain, or a fragment thereof. Additional
examples of hormone receptor ligand binding domains that can be used in any of the
polypeptides described herein (e.g., single-chain chimeric polypeptide, single-chain
chimeric antigen receptor, or multi-chain chimeric antigen receptor) include the ligand
binding domains of, e.g., an estrogen receptor, an ecdysone receptor, a PPARYy receptor, a
glucocorticoid receptor, an androgen receptor, a thyroid hormone receptor, a
mineralocorticoid receptor, a progesterone receptor, a vitamin D receptor, a PPAR
receptora, a PPARPB/d receptor, a pregnane X receptor, a liver X receptor, a farnesoid X
receptor, a retinoid X receptor, a RAR-related orphan receptor, and a retinoic acid
receptor.

A non-limiting example of a human estrogen receptor ligand binding domain is
amino acids 10 of 247 of SEQ ID NO: 10. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 10
to 247 of SEQ ID NO: 10.
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SEQ ID NO: 10 (Human)

1 skknslalsl tadgmvsall daeppilyse ydptrpfsea smmglltnla drelvhminw
61 akrvpgfvdl tlhdgvhlle cawleilmig lvwrsmehpg kllfapnlll drnggkcveg
121 mveifdmlla tssrfrmmnl ggeefvclks iillnsgvyt flsstlksle ekdhihrvld
181 kitdtlihlm akagltlggg hgrlagllli lshirhmsnk gmehlysmkc knvvplydll
241 lemldahrlh

Another non-limiting example of an estrogen receptor ligand binding domain is
amino acids 4 to 241 of SEQ ID NO: 11. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 4
to 241 of SEQ ID NO: 11.

SEQ ID NO: 11 (Human)

1 alsltadgmv salldaeppi lyseydptrp fseasmmgll tnladrelvh minwakrvpg
61 fvdltlhdgv hllecawlei lmiglvwrsm ehpgkllfap nllldrnggk cvegmveifd
121 mllatssrfr mmnlggeefv clksiillns gvytflsstl ksleekdhih rvldkitdtl

181 ihlmakaglt lggghgrlag 1llilshirh msnkgmehly smkcknvvpl ydlllemlda
241 hrlhapts

In some embodiments, the estrogen receptor ligand binding domain has a
wildtype sequence, except that it comprises one or more (e.g., two, three, four, five, or
six) amino acid substitutions. In some embodiments, the estrogen receptor ligand binding
domain has a wildtype sequence, except that it comprises an amino acid substitution(s) at
one or both of amino acid position 521 (e.g., a G521R substitution) and 537 (e.g., a
G537F substitution) (each numbered relative to the full-length wildtype sequence of
human estrogen receptor, e.g., SEQ ID NO: 119 below).

SEQ ID NO: 119 (Human)

1 mtmtlhtkas gmallhgiqg neleplnrpqg lkiplerplg evyldsskpa vynypegaay
61 efnaaaaana qgvyggtglpy gpgseaaafg snglggfppl nsvspsplml lhpppglspf
121 lgphgggvpy ylenepsgyt vreagppafy rpnsdnrrqgg grerlastnd kgsmamesak
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181
241
301
361
421
481
541

etrycavend
rlrkcyevgm
skknslalsl
akrvpgfvdl
mveifdmlla
kitdtlihlm
lemldahrlh

Non-limiting examples of an estrogen receptor ligand binding domain can include

yasgyhygvw
mkggirkdrr
tadgmvsall
tlhdgvhlle
tssrfrmmnl
akagltlgqgq

aptsrggasv

scegckaffk
ggrmlkhkrg
daeppilyse
cawleilmig
ggeefvclks
hgrlagllli
eetdgshlat

rsigghndym
rddgegrgev
ydptrpfsea
lvwrsmehpg
iillnsgvyt
lshirhmsnk

agstsshslqg

cpatngctid
gsagdmraan
smmglltnla
kllfapnlll
flsstlksle
gmehlysmkc
kyyitgeaeg

knrrkscgac
lwpsplmikr
drelvhminw
drnggkcveg
ekdhihrvld
knvvplydll
fpatv

a sequence at least 80% (e.g., at least 82%, at least 84%, at least 86%, at least 88%, at

least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99% or 100%)
identical to: SEQ ID NO: 110 (or a fragment thereof).

Additional non-limiting examples of a hormone receptor ligand binding domain is
or includes a sequence at least 80% (e.g., at least 82%, at least 84%, at least 86%, at least
88%, at least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99% or
100%) identical to SEQ ID NO: 46, 59, or 110.

Another non-limiting example of an estrogen receptor ligand binding domain is
amino acids 314 to 551 of SEQ ID NO: 88. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least

82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at

least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 314

to 551 of SEQ ID NO: 88.

SEQ ID NO: 88 (Mouse)

1
61
121
181
241
301
361
421
481
541

mtmtlhtkas
efnaaaaaaa
lspflhphgg
esaketryca
cqgacrlrkcy
vikhtkknsp
minwakrvpg
cvegmveifd
rvldkitdtl
ydlllemlda

gmallhgiqgg
aasapvygdgs
gvpyylenep
vcndyasgyh
evgmmkggir
alsltadagmv
fgdlnlhdgv
mllatssrfr
ihlmakaglt

hrlhapasrm

neleplnrpg
giaygpgsea
sayavrdtgp
ygvwscegck
kdrrggrmlk
salldaeppm
hllecawlei
mmnlggeefv

lggghrrlag
gvppeepsqgt

lkmpmeralg
aafsanslga
pafyrsnsdn
affkrsiqggh
hkrgrddleg
iyseydpsrp
Imiglvwrsm
clksiillns
111ilshirh
glattsstsa

107

evyvdnskpt
fpglnsvsps
rrgngrerls
ndymcpatng
rnemgasgdm
fseasmmgll
ehpgkllfap
gvytflsstl
msnkgmehly

hslgtyyipp

vinypegaay
plmllhpppg
ssnekgnmim
ctidknrrks
raanlwpspl
tnladrelvh
nllldrnggk
ksleekdhih
nmkcknvvpl
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Another non-limiting example of an estrogen receptor ligand binding domain is

amino acids 315 to 552 of SEQ ID NO: 89. In some embodiments, a hormone receptor

ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 315

to 552 of SEQ ID NO: 89.

SEQ ID NO: 89 (Rat)

1
61
121
181
241
301
361
421
481
541

mtmtlhtkas
efnaaaaaaa
hvspflhphg
mesaketryc
scgacrlrkc
lvikhtkkns
hminwakrvp
kcvegmveif
hrvldkindt
lydlllemld

gmallhgiqgg
agasapvygq
hgvpyylene
avcndyasqgy
yevgmmkggi
palsltadgm
gfgdlnlhdg
dmllatssrf
lihlmakagl
ahrlhapasr

neleplnrpg
ssitygpgse
psayavrdtg
hygvwscegc
rkdrrggrml
vsalldaepp
vhllecawle
rmmnlggeef

tlggghrrla
mgvppeepsq

lkmpmeralg
aaafganslg
ppafyrsnsd
kaffkrsiqgg
khkrgrddle
liyseydpsr
ilmiglvwrs
vclksiilln
glllilshir
sgltttssts

evyvdnskpa
afpglnsvsp
nrrgngrerl
hndymcpatn
grnemgtsgd
pfseasmmgl
mehpgkllfa
sgvytflsst
hmsnkgmehl
ahslgtyyip

vinypegaay
splmllhppp
ssssekgnmi
gctidknrrk
mraanlwpsp
ltnladrelv
pnllldrngg
lksleekdhi
ynmkcknvvp

peaegfpnti

Another non-limiting example of an estrogen receptor ligand binding domain is

amino acids 310 to 547 of SEQ ID NO: 90. In some embodiments, a hormone receptor

ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 310

to 547 of SEQ ID NO: 90.

SEQ ID NO: 90 (Baboon)

1
61
121
181
241
301

mtmtlhtkas gmallhgigg
efnaaaaana gvyggtglpy
lgphgggvpy ylenepsgyt
etrycavcend yasgyhygvw
rlrkcyevgm mkggirkdrr
skknspalsl tadgmvsall

neleplnrpg
gpgseaaafg
vreagppafy
scegckaffk
ggrmlkhkrg
daeppilyse

lkiplerplg
snglggfppl
rpnsdnrrgg
rsigghndym
rddgegrgev
ydptrpfsea

108

evyvdsskpa
nsvspsplml
grerlastnd
cpatngctid
gsagdmraan

smmglltnla

vysypegaay
lhpppglspf
kgsmamesak
knrrkscgac
lwpsplmikh

drelvhminw
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361
421
481
541

akrvpgfvdl
mveifdmlla
kitdtlihlm
lemldahrlh

tlhdgvhlle
tssrfrmmnl
akagltlgqgq
aptsrggapm

cawleilmig
ggeefvclks
hrrlagllli
eetdgshlat

lvwrsmehpg kllfapnlll
iillnsgvyt flsstlksle
lshirhmsnk gmehlysmkc
agstsshslg kyyitgdaeg

drnggkcveg
ekdhihrvld
knvvplydll
fpatv

In some embodiments, the hormone receptor ligand binding domain is or
comprises a progesterone receptor ligand binding domain, or a fragment thereof. A non-
limiting example of a human progesterone receptor ligand binding domain is amino acids
11 to 258 of SEQ ID NO: 12. In some embodiments, a hormone receptor ligand binding
domain is or include a sequence that is at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to amino acids 11 to 258 of
SEQ ID NO: 12.

SEQ ID NO: 12 (Human)

1 spggdiglip plinllmsie pdviyaghdn tkpdtsssll tslnglgerqg llsvvkwsks
61 lpgfrnlhid dgitligysw mslmvfglgw rsykhvsggm lyfapdliln
121 slcltmwgip gefvklgvsqg eeflcmkvll llntiplegl
181 ssqgrfygltk 1lldnlhdlvk glhlyclntf

241 glpkilagmv kpllfhkk

egrmkessfy

rsgtgfeemr ssyirelika

iglrgkgvvs igsralsvef pemmseviaa

Another non-limiting example of a progesterone receptor ligand binding domain
is amino acids 14 to 261 of SEQ ID NO: 13. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 14
to 261 of SEQ ID NO: 13.

SEQ ID NO: 13 (Human)

1 ftfspggdiqg lipplinllm siepdviyag hdntkpdtss slltslnglg ergllsvvkw
61 skslpgfrnl hiddgitlig yswmslmvfg lgwrsykhvs ggmlyfapdl ilneqgrmkes
121 sfyslcltmw gipgefvklg vsgeeflcmk vllllntipl eglrsgtgfe emrssyirel
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181 ikaiglrgkg vvsssqgrfyqg ltklldnlhd 1lvkglhlycl ntfigsrals vefpemmsev
241 iaaqgqlpkila gmvkpllfhk k

Another non-limiting example of a progesterone receptor ligand binding domain
is amino acids 679 to 926 of SEQ ID NO: 91. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 679

10

15

20

25

30

to 926 of SEQ ID NO: 91.

SEQ ID NO: 91 (Mouse)

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

mtelgakdpg
fprscrgpel
tpsgtegsha
aggkvlpkgl
kpralegtgs
vdfihvpilp
ctyplegdpk
papgrapssr
aagscllprd
dseasqgspqy
dcivdkirrk
alggritfsp
svvkwskslp
rmkelsfysl
yirelikaig

mmseviaaql

vlhtsgasps
pdgktgdggs
sppaceaits
spprglllpt
gggvaanaas
lnhallaart
edviplygdf
pgeaavaggp
slpaapataa
gfdslpgkic
ncpacrlrkc
ngeiglvppl
gfrnlhiddg
cltmwgipge
lrgkgvvpss
pkilagmvkp

pphigsplla
lsdvegafsg
wclfgpelpe
sgsahwpgag
aapggvtlvp
rgllegdsyd
gtpglkikee
Ssaavspass
apaiygplgl
licgdeasgc
cgagmvlggr
inllmsiepd
itligyswms
fvklgvthee
grfygltkll
11fhkk

rldsgpfqggs
veathreggr
dprsvpatkg
vkpspapaag
kedsrfsapr
ggataggpfa
eegadaavrs
sgsalecily
nglpglgyga
hygvltcgsc
kfkkfnkvrv
vvyaghdntk
Imvfglgwrs
flemkv1l1l
dslhdlvkgl

ghsdvssvvs
nsrapekdsr
llsplmsrpe
eveedsglet
vsleqdspia
pprgspsaps
prpylsagas
kaegapptqg
avlkdslpgv
kvffkrameg
mrtldgvalp
pdtsssllts
ykhvsggmly
ntipleglrs
hlyclntfig

pipisldgll
lldsvldsll
ikagdssgtg
egsaapllks
pgrsplattv
ppvpcgdfpd
sstfpdfpla
sfaplpckpp
yppylnylrp
ghnylcagrn
gsvglpnesqg
lnglgerqgll
fapdlilneq
gsgfeemrss

srtlavefpe

Another non-limiting example of a progesterone receptor ligand binding domain

is amino acids 676 to 923 of SEQ ID NO: 92. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
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95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 676

to 923 of SEQ ID NO: 92.

SEQ ID NO: 92 (Rat)

1 mtelgakdpr tlhtsgaaps

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

fsrscgagel
psgpegsqgts
ggkvlpkavs
pralegmcsg
dfihvpilpl
typpegdpke
rpprappsrp
scllprdslp
asgspqgygfd
vdkirrkncp
gritfspnge
kwskslpgfr
elsfyslclt
elikaiglrg

eviaaqlpki

pdektgnggs
ppaceaitsw
pprglllpts
ggvtanapga
nhallaartr
dgfpvygefq
geaavaapsa
aaptssaapa
slpgkiclic
acrlrkccga
iglvpplinl
nlhiddgitl
mwgipgefvk
kgvvpssqgrf
lagmvkpllf

pthvgsplla
lsdvegafsg
clfgpelped
gsahwpgagv
apggvtlvpk
gllegdsydg
ppglkikeee
avspvsssgs
iypplglngl
gdeasgchyg
gmvlggrkfk
Imsiepdvvy
igyswmslmv
lgvtheeflc
yagltklldsl
hkk

rldpdpfqggs
veasrrrsrn
prsvpatkgl
kpsggpatve
edsrfsaprv
gaaaqgvpfap
egteaasrsp
alecilykae
pglgygaavl
vltcgsckvf
kfnkvrvmra
aghdntkpdt
fglgwrsykh
mkvllllnti
hdlvkglhly

ghsdassvvs
prapekdsrl
lsplmsrpes
veedgglete
slegdapvap
prgspsapsp
rpyllagasa
gapptggsfa
kdslpgvypp
fkramegghn
ldgvalpgsv
ssslltslng
vsgagmlyfap
pleglrsgsqg

clntfigsra

pipisldrll
ldsvldtlla
kagdssgtga
gsagpllksk
grsplattvv
pvpcgdfpdc
atfpdfplpp
plpckppaas
ylnylrpdse
ylcagrndci
afpnesqgtlg
lgergllsvv
dlilneqgrmk
feemrssyir

lavefpemms

Another non-limiting example of a progesterone receptor ligand binding domain
is amino acids 686 to 933 of SEQ ID NO: 93. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 686
to 933 of SEQ ID NO: 93.

SEQ ID NO: 93 (Baboon)

1 mtelkakgpr
61

pevgspllcr tsdtlpevsa ipisldgllf

lhsvldtlla

aphvaggpps paagpfggsqg

35

121
181
241
301

prpcagqdpl
psgpgdgsdgps
ahkvlprgls
pralggaaag
mdfthvpilp

dektgdggsl
ppacevtssw
psrglllpas
ggaaavppga
lshallaart

sdvegaysra
clfgpelped
gsphwsgapv
aaggvalvpk
rglleeesyd

eatrgtggss
ppaapatqgv
kpspgpaave
edsrfsaprv

ggagaasafa
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srppekdsgl
lsplmsrsgc
veeedgsese
alvegdapma

pprsspsass

kagdssgtaa
esagpllkgk
pgrsplattt
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361
421
481
541
601
661
721
781
841
901

cayppdadpk ddayplygdf

pppplpprap psrpgeaavt
kapgaggcll prdglpstsa

ylnylrpdse asgspqgysfe

ylcagrndci
gipnesqgals
lgergllsvv
dlilneqgrmk
feemrssyir

lsvefpemms

vdkirrkncp
grftfppgqad
kwskllpgfr
essfyslclt
elikaiglrqg

eviaaqlpki

gppalkikee
aapagasvss
saaaagaapa
slpgkiclic
acrlrkccqga
iglipplinl
nlhiddgitl
nwgipgefvk
kgvvsssqgrf
lagmvkpllf

eegaevsars

asssgstlec

lypalglngl

gdeasgchyg
gmvlggrkfk
lvsiepdviy
igyswmslmv
lgvsgeeflc
yaltklldnl
hkk

prsylvagan paafpdfplg
ilykaegapp gggpfapppc
pglgygqaavl keglggvypp
vltcgsckvf fkramegghn

kfnkvrvmra

aghdnskpdt

ldavalpgpv
ssslltslng
fglgwrsykh
mkvllllnti
hdlvkglhly

vsgamlyfap
pleglrsqgtqg

clntfigsra

In some embodiments, the hormone receptor ligand binding domain is or

comprises an androgen receptor ligand binding domain, or a fragment thereof. A non-

limiting example of a human androgen receptor ligand binding domain is amino acids 2

of 247 of SEQ ID NO: 14. In some embodiments, a hormone receptor ligand binding

domain is or include a sequence that is at least 80%, at least 81%, at least 82%, at least
83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at least 89%, at
least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least 95%, at least
96%, at least 97%, at least 98%, or at least 99% identical to amino acids 2 to 247 of SEQ
ID NO: 14.

SEQ ID NO: 14 (Human)

1
61
121
181
241

piflnvleai
ddgmaviqgys
sgefgwlgit
scsrriyglt
vkpiyfhtg

epgvvcaghd
wmglmvfamg
pgeflcmkal
klldsvgpia

11lfsiipvdg
relhgftfdl

nngpdsfaal lsslnelger
wrsftnvnsr mlyfapdlvf

lkngkffdel

likshmvsvd

glvhvvkwak alpgfrnlhv

neyrmhksrm ysgcvrmrhl
rmnyikeldr iiackrknpt

fpemmaeiis vgvpkilsgk

Another non-limiting example of an androgen receptor ligand binding domain is

amino acids 34 to 279 of SEQ ID NO: 15. In some embodiments, a hormone receptor

ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
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95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 34
to 279 of SEQ ID NO: 15.

SEQ ID NO: 15 (Human)

1
61
121

181
241

sleegeasst tspteettgk
allsslnelg erglvhvvkw
srmlyfapdl vfneyrmhks

dglkngkffd elrmnyikel

dllikshmvs vdfpemmaei

ltvshiegye cgpiflnvle
akalpgfrnl hvddgmavig
rmysgcvrmr hlsgefgwlg

driiackrkn ptscsrrfyg
isvgvpkils gkvkpiyfht

aiepgvvcag
yswmglmvfa

itpgeflcmk

1tklldsvagp
qeg

hdnngpdsfa
mgwrsftnvn

alllfsiipv

iarelhgftf

Another non-limiting example of an androgen receptor ligand binding domain is
amino acids 19 to 264 of SEQ ID NO: 16. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 19
to 264 of SEQ ID NO: 16.

SEQ ID NO: 16 (Human)

1
61
121
181
241

ettgkltvsh iegyecqgpif
hvvkwakalp gfrnlhvddg
rmhksrmysqg cvrmrhlsqge
yikeldriia ckrknptscs

mmaeiisvqgv pkilsgkvkp

Invleaiepg vvcaghdnng
mavigyswmg lmvfamgwrs
fgwlgitpge flcmkalllf
rrfygltkll dsvgpiarel
iyvfhtqg

pdsfaallss
ftnvnsrmly
siipvdglkn
hgftfdllik

lnelgerqglv
fapdlvfney
gkffdelrmn

shmvsvdfpe

Another non-limiting example of an androgen receptor ligand binding domain is
amino acids 652 to 897 of SEQ ID NO: 94. In some embodiments, a hormone receptor
ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 652
to 897 of SEQ ID NO: 94.
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SEQ ID NO: 94 (Mouse)

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

mevglglgrv
sprrrrrqgh
gkglpgappa
ghgaghgghg
glgvealehl
eyssfkggya
plalsgpphp
pattssswht
vwypggvvnr
icgdeasgch
eagmtlgark
epgvvcaghd
wmglmvfamg
pgeflcmkal
klldsvgpia

yprppsktyr
tedgspgahi
ppdgddsaap
gggevisegs
spgeqglrgdc
kglegeslgc
pppthphari
lftaeegqgly
vpypspncvk
ygaltcgsck
1lkklgnlklg
nngpdsfaal
wrsftnvnsr
11lfsiipvdg
relhgftfdl

gafgnlfqgsv
rgptgylale
stlsllgptf
sarareatga
myasllggpp
sgsseagssg
klenpldygs
gpgggggsss
semgpwmeny
vifkraaegk
eegensnags
lsslnelger
mlyfapdlvE
lkngkffdel
likshmvsvd

reaignpgpr
eeqggapsggqga
pglsscsadi
pssskdsylg
avrptpcapl
tleipsslsl
awaaaaaqcr
psdagpvapy
sgpygdmrld
gkylcasrnd
ptedpsgkmt
glvhvvkwak
neyrmhksrm
rmnyikeldr
fremmaeiis

hpeaaniapp
aseghpessc
kdilneagtm
gnstisdsak
peckglplde
vksgaldeaa
ygdlgslhgg
gytrppgglt
strdhvlpid
ctidkfrrkn
vshiegyecqg
alpgfrnlhv
ysgcvrmrhl
iiackrknpt
vagvpkilsgk

gaclggrget
lpepgaatap
gllggggaag
elckavsvsm
gpgksteeta
aygnrdyynf
svagpstgsp
sgesdysase
yyfppagktcl
cpscrlrkcy
piflnvleai
ddgmaviqgys
sgefgwlqgit
scsrrfyqglt
vkpiyfhtg

Another non-limiting example of an androgen receptor ligand binding domain is

amino acids 655 to 900 of SEQ ID NO: 95. In some embodiments, a hormone receptor

ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least

95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 655
to 900 of SEQ ID NO: 95.

SEQ ID NO: 95 (Rat)

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

mevglglgrv
sprrrrrggh
gkglpggppa
9999999999
vsmglgveal
etaeyssfkg
ynfplalsgp
gsppatasss
asevwypggv
tclicgdeas
kcyeagmtlg
ealepgvvca
gyswmglmvf
gitpgeflcm
gltklldsvqg
tq

yprppsktyr
pedgspgahi
ppdgddsaap
gggggevise
ehlspgeqlr
gyakgleges
phppppthph
whtlftaeeg
VNrvpypsps
gchygaltcg
arklkklgnl
ghdnngpdsf
amgwrsftnv
kalllfsiip
piarelhgft

gafgnlfgsv
rgttgylale
stlsllgptf
gsssvrarea
gdcmyasllg
lgcsgsseag
ariklenpsd
alygpggggg
cvksemgpwm
sckvifkraa
klgeegenss
aallsslnel
nsrmlyfapd
vdglkngkff
fdllikshmv

realgnpgpr
eeqapsqqgs
pPglsscsadi
tgapssskds
gppavrptpc
ssgtleipss
ygsawaaaaa
ssspsdagpv
enysgpygdm
egkgkylcas
agsptedpsg
gerglvhvvk
lvfneyrmhk
delrmnyike
svdfpemmae

hpeaasiapp
aseghpesgc
kdilseagtm
ylggnstisd
aplaeckgls
lslyksgavd
gcrygdlasl
apygytrppq
rldstrdhvl
rndctidkfr
kmtvshiegy
wakalpgfrn
srmysgcvrm
ldriiackrk
iisvgvpkil

gaclggrget
lpepgaatap
gllggggaag
sakelckavs
ldegpgkgte
eaaayqnrdy
hggsvagpst
glasgegdfs
pidyyfppagk
rkncpscrlr
ecgpiflnvl
lhvddgmavi
rhlsgefgwl
nptscsrrfy
sgkvkpiyfh

Another non-limiting example of an androgen receptor ligand binding domain is

amino acids 648 to 893 of SEQ ID NO: 96. In some embodiments, a hormone receptor
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ligand binding domain is or include a sequence that is at least 80%, at least 81%, at least
82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at least 88%, at
least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least 94%, at least
95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to amino acids 648

to 893 of SEQ ID NO: 96.

SEQ ID NO: 96 (Baboon)

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

mevglglgrv
dggetsprqq
avaagkglpg
qgeavsegss
spgeglrgdc
kglegeslgc
pppphphari
lftaeegqly
ggmvsrvpyp
easgchygal
tlgarklkkl
vcaghdnngp
mvfamgwrsf
lcmkalllfs

svgpiarelh

yprppsktyr
qgqgagedgsp
glpappdedd
sgrareasga
myapv1lgvpp
sgsaaagssg
klenpldygs
gpcggggggyg
sptcvksemg
tcgsckvifk
gnlklgeege
dsfaallssl
tnvnsrmlyf
iipvdglkng
gftfdlliks

gafgnlfgsv
gahrrgptgy
saapstlsll
ptsskdnylg
avrptpcapl
tlelpstlsl
awaaaaaqcr
ggggggagea
pwmdsysgpy
raaegkgkyl
assttsptee
nelgerqglvh
apdlvfneyr
kffdelrmny

hmvsvdfpem

revignpgpr
lvldeeqggps
gptfpglssc
gtstisdsak
aeckgslldd
vksgaldeaa
ygelaslhga
gavapygytr
gdmrletard
casrndctid
tagkltvshi
vvkwakalpg
mhksrmysqgc
ikeldriiac

maeiisvqvp

hpeaasaapp
gpgsapechp
sadlkdilse
elckavsvsm
sagkstedta
aygsrdyynf
gaagpgsgsp
ppdglaggeg
hvlpidyyfp
kfrrkncpsc
egyecqgpifl
frnlhvddgm
vrmrhlsgef
krknptscsr
kilsgkvkpi

gaslqgqqaq
ergcvpepga
astmgllggg
glgvealehl
eyspfkggyt
plalagpppp
saaassswht
dftapdvwyp
pgktclicgd
rlrkcyeagm
nvleaiepgv
avigyswmgl
gwlgitpgef
rfygltklld
yfhtqg

Another non-limiting example of a ligand binding domain is SEQ ID NO: 28. In
some embodiments, a hormone receptor ligand binding domain is or includes a sequence
that is at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identical to the amino acid sequence of SEQ ID NO: 28.

SEQ ID NO: 28 (Human)

1 drrggrmlkh krgrddgegr gevgsagdmr aanlwpsplm ikrskknsla lsltadgmvs
61 alldaeppil yseydptrpf seasmmgllt nladrelvhm inwakrvpgf vdltlhdgvh
121 llecawleil miglvwrsme hpgkllfapn 1lldrnggkc vegmveifdm llatssrfrm
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181 mnlggeefvc lksiillnsg vytflsstlk sleekdhihr vldkitdtli hlmakagltl
241 ggghgrlagl 1llilshirhm snkrmehlys mkcknvvplf dlllemldah rlhapts

Another non-limiting example of a ligand binding domain is SEQ ID NO: 29. In
some embodiments, a hormone receptor ligand binding domain is or includes a sequence
that is at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or
at least 99% identical to the amino acid sequence of SEQ ID NO: 29.

SEQ ID NO: 29 (Human)

1
61
121
181
241

ggdiglippl
gfrnlhiddg
cltmwgipge
lrgkgvvsss

pkilagmvkp

inllmsiepd viyaghdntk pdtsssllts

itligyswms
fvklgvsgee
grfygltkll
11fhkk

Imvfglgwrs
flemkvl1l1ll
dnlhdlvkgl

ykhvsggmly
ntipleglrs
hlyclntfig

lnglgerqgll
fapdlilneqg
gtgfeemrss

sralsvefpe

svvkwskslp
rmkessfysl
yirelikaig

mmseviaaqgl

Another non-limiting example of a ligand binding domain is a ligand binding
domain of an ecdysone receptor. For example, a ligand binding domain of an ecdysone
receptor can be amino acids 256 to 467 of SEQ ID NO: 74. In some embodiments, a
hormone receptor ligand binding domain is or includes a sequence that is at least 80%, at
least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to amino acids 256 to 467 of SEQ ID NO: 74.

SEQ ID NO: 74 (Human)

1
61
121
181
241
301
361
421

merdepppsg
licgdratgl
lgmgmnrkai
gnrasesngp
qgarsldpgs
wikklpffce
fsdegmevie

icgdfteyky

ggggggsagt
hygiiscegc
redgmpggrn
spgstlsssr
yslihgllsa
lsikdytcll
rliylyhkfh
thgpnrfpdl

leppaalppp
kgffkrsicn

ksigpvgise
svelngfmaf
edleplgtpm
sstwgelill
glkvsneeya

mmclpeiryi

prngfcgdel
krvyrcsrdk
eeierimsgg
reqymgmsvp
liedgyavtqg
ssltvyskqgi
cmkainflng

agkmvnvple

116

aeldpgtisv
ncvmsrkgrn
efeeeanhws
phygyiphlf
aelfallcrl
fgeladvtak
dirgltsasqg
glpllfkvvl

sddraeqrtc
rcgycrllke
nhgdsdhssp
sysghspllp
adellfrgia
yspsdeelhr
leglnkrywy
hscktsvgke
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domain of a PPARY receptor. For example, a ligand binding domain of a PPARY receptor

Another non-limiting example of a ligand binding domain is a ligand binding

can be amino acids 237 to 504 of SEQ ID NO: 75. In some embodiments, a hormone

receptor ligand binding domain is or includes a sequence that is at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to
amino acids 237 to 504 of SEQ ID NO: 75.

SEQ ID NO: 75 (Human)

1
61
121
181
241
301
361
421
481

mgetlgdspi
dikpfttvdf
glynkpheep
rihkksrnkc
alakhlydsy
gskevairif
Imnkdgvlis
lsgdrpglln
lgvikktetd

dpesdsftdt
ssistphyed
snslmaiecr
gycrfgkcla
iksfpltkak
ggcgfrsvea
egggfmtref
vkpiedigdn
mslhpllqgei

lsanisgemt
ipftrtdpvv
vcgdkasgfh
vgmshnairf
arailtgktt
vgeiteyaks
lkslrkpfgd
llgalelqglk
vkdly

mvdtempfwp
adykydlklqg
ygvhacegck
grmpgaekek
dkspfviydm
ipgfvnldln
fmepkfefav
Inhpessqglf

tnfgissvdl
eygsaikvep
gffrrtirlk
llaeissdid
nslmmgedki
dgvtllkygv
kfnaleldds
akllgkmtdl

svmedhshsf
asppyysekt
liydrcdlnc
glnpesadlr
kfkhitplge
heiiytmlas
dlaifiavii
rgivtehvgl

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a glucocorticoid receptor. For example, a ligand binding domain of a

glucocorticoid receptor can be amino acids 531 to 777 of SEQ ID NO: 76. In some

embodiments, a hormone receptor ligand binding domain is or includes a sequence that is

at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

30

35

99% identical to amino acids 531 to 777 of SEQ ID NO: 76.

SEQ ID NO: 76 (Human)

1
61
121
181
241
301
361

mdskesltpg
llvdfpkgsv
lleesianln
vklyttdgst
snedckplil
ycgasfpgan
senwnrcqggs

reenpssvla
snaqgpdlsk
rstsvpenpk
fdilgdlefs
pdtkpkikdn
iignkmsais
gddnltslgt

gergdvmdfy
avslsmglym
ssastavsaa
sgspgketne
gdlvlsspsn
vhgvstsggqg
Infpgrtvfs

ktlrggatvk
getetkvmgn
ptekefpkth
spwrsdllid
vtlpgvktek
myhydmntas

ngysspsmrp

117

vsasspslav
dlgfpgqggqi
sdvssegghl
encllsplag
edfielctpg
lsgggdgkpi
dvssppssss

asgsdskqgrr
slssgetdlk
kgagtgtnggn
eddsfllegn
vikgeklgtv
fnvippipvg
tattgpppkl
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421
481
541
601
661
721

clvcsdeasg
clgagmnlea
pevlyagyds
mflmafalgw
eeylcmktll
lldsmhevve

chygvltcgs
rktkkkikgi
svpdstwrim
rsyrgssanl
1llssvpkdgl
nllnycfqgtf

ckvifkrave
gqgattgvsge
ttlnmlggrqg
lcfapdliin
ksgelfdeir
ldktmsiefp

gghnylcagr
tsenpgnkti
viaavkwaka
egrmtlpcmy
mtyikelgka
emlaeiitng

ndciidkirr
vpatlpgltp
ipgfrnlhld
dgckhmlyvs
ivkregnssqg
ipkysngnik

kncpacryrk
tlvsllevie
damtllgysw
selhrlqgvsy
nwgrfygltk
kllfhgk

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a thyroid hormone receptor. For example, a ligand binding domain of a

glucocorticoid receptor can be amino acids 162 to 370 of SEQ ID NO: 77. In some

embodiments, a hormone receptor ligand binding domain is or includes a sequence that is
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least

99% identical to amino acids 162 to 370 of SEQ ID NO: 77.

SEQ ID NO: 77 (Human)

1
61
121
181
241
301
361
421
481

megkpskvec
tgyhyrcitc
amdlvlddsk
agshwkagrrk
elpcedgiil
elgkslsafn
phfwpkllmk
geagslagpv
edlagnaasp

gsdpeensar
egckgffrrt
rvakrklieq
flpddiggsp
lkgccmeims
lddtevallg
erevgssily
lghgspkspg

spdgkrkrkn
igknlhptys
nrerrrkeem
ivsmpdgdkv
lraavrydpe
avllmstdrs
kgaaaegrpg
grllellhrs

ggcslktsms
ckydsccvid
irslggrpep
dleafseftk
sdtltlsgem
gllcvdkiek
gslgvhpegq
gilharavcg

gyipsyldkd
kitrngcglc
tpeewdlihi
iitpaitrvv
avkreglkng
sgeayllafe
gllgmhvvgg
eddsseadsp

eqgcvvcgdka
rfkkciavgm
ateahrstna
dfakklpmfs
glgvvsdaif
hyvnhrkhni
pavrgleqql
Ssseeepevc

Another non-limiting example of a ligand binding domain is a ligand binding
domain of a mineralocorticoid receptor. For example, a ligand binding domain of a
mineralocorticoid receptor can be amino acids 737 to 984 of SEQ ID NO: 78. In some
embodiments, a hormone receptor ligand binding domain is or includes a sequence that is
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to amino acids 737 to 984 of SEQ ID NO: 78.

SEQ ID NO: 78 (Human)

1 metkgyhslp egldmerrwg gvsgaverss lgptertden nymeivnvsc vsgaipnnst
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61
121
181
241
301
361
421
481
541
601
661
721
781
841
901
961

ggsskekgel
qangggsmsp
vkspimchek
aenrgsrshs
aninnsrcsv
spdtgekgaqg
ssfsvpikge
dgncegsgfp
dgsfghlsst
kiclvcgdea
gkclgagmnl
talvpglsti
vkwakvlpgf
hgsamyelcqg
kelrkmvtkec
veiisdglpk

lpclggdnnr
akiygnveql
spsvcsplnm
pahasnvgsp
sspsntnnrs
evpfpkteev
stkhscsgts
vgikgepddg
ppvntlvesw
sgchygvvtc
garkskklgk
sraltpspvm
knlpledqgit
gmhgislgfv
pnnsgqgswqgr
vesgnakply

pgiltsdikt
vkfykgnghr
tssvcspagi
lssplssmks
tlsspaastv
esaisngvtg
fkgnptvnpf
syypeasips
kshgdlssrr
gsckvffkra
lkgiheeqgpqgq
vleniepeiv
ligyswmcls
rlgltfeeyt
fygltkllds
fhrk

eleskelsat
pstlscvntp
nsvssttasft
sissppshcs
gsicspvnna
glnivqgyikp
pfmdgsyfsf
saivgvnsgg
sdgypvleyi
vegghnylca
qagPPPPrPrPrP
yagydsskpd
sfalswrsyk
imkv1lllst
mhdlvsdlle

vaesmglymd
lrsfmsdsgs
gsfpvhspit
vkspvsspnn
fsytasgtsa
epdgafsssc
mddkdyysls
gsfhyrigag
penvssstlr
grndciidki
pgspeegtty
taenllstln
htnsgflyfa
ipkdglksqga
fcfytfresh

svrdadysye
svnggvmrai
ggtpltcspn
vtlrssvssp
gsstlrdvvp
lggnskinsd
gilgppvpgf
gtislsrsar
svstgssrps
rrkncpacrl
iapakepsvn
rlagkgmiqv
pdlvineekm
afeemrtnyi
alkvefpaml

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a vitamin D receptor. For example, a ligand binding domain of a vitamin D

receptor can be amino acids 124 to 426 of SEQ ID NO: 79. In some embodiments, a

hormone receptor ligand binding domain is or includes a sequence that is at least 80%, at

least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at

least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to amino acids 124 to 426 of SEQ ID NO: 79.

SEQ ID NO: 79 (Human)

1
61
121
181
241
301
361
421

domain of a PPARa receptor. For example, a ligand binding domain of a PPARa receptor

meamaastsl
pfngdcritk
rpklseeqqr
dsssscsdhc
vigfakmipg
tkaghsleli
ntlgtyircr
vfgneis

pdpgdfdrnv
dnrrhcgacr
iiailldahh
itssdmmdss
frdltsedqgi
eplikfgvgl
hpppgshlly

pricgvcgdr
lkrcvdigmm
ktydptysdf
sfsnldlsee
vllkssaiev
kklnlheeeh
akmigkladl

atgfhfnamt
kefiltdeev
cgfrppvrvn
dsddpsvtle
imlrsnesft
vlilmaicivs
rslneehskqg

cegckgffrr
grkremilkr
dgggshpsrp
lsglsmlphl
mddmswtcgn
pdrpgvgdaa
yrclsfgpec

smkrkalftc
keeealkdsl
nsrhtpsfsg
adlvsysigk
gdykyrvsdv
lieaiqgdrls
smkltplvle

Another non-limiting example of a ligand binding domain is a ligand binding

can be amino acids 201 to 467 of SEQ ID NO: 80. In some embodiments, a hormone

receptor ligand binding domain is or includes a sequence that is at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least
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94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to
amino acids 201 to 467 of SEQ ID NO: 80.

SEQ ID NO: 80 (Human)

1
61
121
181
241
301
361
421

mvdtesplcp
pgsdgsvitd
gckgffrrti
kaklkaeilt
ihdmetlcma
dlndgvtllk
famkfnalel
flfpkllgkm

lspleagdle
tlspasspss
rlklvydkcd
cehdiedset
ektlvaklva
ygvyeaifam
ddsdislfva
adlrglvteh

splseeflqge
vtypvvpgsv
rsckigkknr
adlkslakri
ngignkeaev
1ssvmnkdgm
aiiccgdrpg
aglvgiikkt

mgnigeisgs
despsgalni
nkcgycrfhk
yeaylknfnm
rifhccqgcts
lvaygngfit
1lnvghiekm
esdaalhpll

igedssgsfg
ecricgdkas
clsvgmshna
nkvkarvils
vetvteltef
reflkslrkp
gegivhvlrl
geiyrdmy

fteygylgsc
gyhygvhace
irfgrmprse
gkasnnppfv
akaipgfanl
fcdimepkfd
hlgsnhpddi

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a PPARPB/d receptor. For example, a ligand binding domain of a PPARPB/3

receptor can be amino acids 173 to 440 of SEQ ID NO: 81. In some embodiments, a

hormone receptor ligand binding domain is or includes a sequence that is at least 80%, at

least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least

87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to amino acids 173 to 440 of SEQ ID NO: 81.

SEQ ID NO: 81 (Human)

1
61
121
181
241
301
361
421

megpgeeape
gcdgascgsl
nrnkcgycrf
hiynaylknf
isvhvfyrcqg
dgllvangsg
rpglmnvprv
kktetetslh

vreeeekeev
nmecrvcgdk
gkclalgmsh
nmtkkkarsi
cttvetvrel
fvtreflrsl
eaiqgdtilra
pllgeiykdm

aeaegapeln
asgfhygvha
nairfgrmpe
ltgkashtap
tefaksipst
rkpfsdiiep
lefhlganhp
Yy

ggpghalpss
cegckgffrr

aekrklvagl
fvihdietlw
sslflndgvt
kfefavkfna
daqgylfpkll

sytdlsrsss
tirmkleyek
tanegsqynp
gaekglvwkg
1llkygvheai
lelddsdlal
gkmadlrglv

ppslldglgm
cersckigkk
gvadlkafsk
lvnglppyke
famlasivnk
fiaaiilcgd
tehagmmgri

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a pregnane X receptor. For example, a ligand binding domain of a pregnane X
receptor receptor can be amino acids 143 to 428 of SEQ ID NO: 82. In some
embodiments, a hormone receptor ligand binding domain is or includes a sequence that is
at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least
86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at
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least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least
99% identical to amino acids 143 to 428 of SEQ ID NO: 82.

SEQ ID NO: 82 (Human)

1
61
121
181
241
301
361
421

domain of a liver X receptor. For example, a ligand binding domain of a liver X receptor

mevrpkeswn
ckgffrramk
rralikrkks
gcelpeslga
phmadmstym
cgrlsycled
vvdglgegfa
atplmgelfqg

hadfvhcedt
rnarlrcpfr
ertgtgplgv
psreeaakws
fkgiisfakwv
taggfgglll
itlksyiecn
itgs

esvpgkpsvn
kgaceitrkt
gglteegrmm
gvrkdlcslk
isyfrdlpie
epmlkfhyml
rpgpahrflf

adeevggpqi
rrgcgacrlr
irelmdagmk
vslglrgedg
dgisllkgaa
kklglheeey
lkimamltel

crvcgdkatg
kclesgmkke
tfdttfshfk
svwnykppad
felcglrfnt
vimgaislfs
rsinaghtqgr

yvhfnvmtceg
mimsdeavee
nfrlpgvlss
sggkeifsll
vinaetgtwe
pdrpgvlghr
llrigdihpf

Another non-limiting example of a ligand binding domain is a ligand binding

can be amino acids 20 to 255 of SEQ ID NO: 83. In some embodiments, a hormone

receptor ligand binding domain is or includes a sequence that is at least 80%, at least
81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least 87%, at
least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at least

94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical to
amino acids 20 to 255 of SEQ ID NO: 83.

SEQ ID NO: 83 (Human)

1
61
121

181
241

domain of a farnesoid X receptor. For example, a ligand binding domain of a farnesoid X

gshmsggsge
gqgrfahftel
ecitflkdft

nvgepgrvea
gdkklpplls

gegvgltaaqg
aiisvgeivd
yskddfhrag

lggpyveall
eiwdvhe

elmigglvaa
fakgvpgflg
lgvefinpif
sytrikrpgd

glgcnkrsfs
lgredgiall
efsramrrlg

glrfprmlmk

dgpkvtpwpl
kastieimll
lddaeyalli

lvslrtlssv

gadpgsrdar
etarrynhet
ainifsadrp

hsegvfalrl

Another non-limiting example of a ligand binding domain is a ligand binding

receptor can be amino acids 247 to 467 of SEQ ID NO: 84. In some embodiments, a

hormone receptor ligand binding domain is or includes a sequence that is at least 80%, at

least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
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least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to amino acids 247 to 467 of SEQ ID NO: 84.

SEQ ID NO: 84 (Human)

1
61
121
181
241
301
361
421

mgskmnlieh
issssyysnl
ikgdelcvvc
ecrlrkckem
ekteltpdqgqg
ftkklpgfgt
yitpmfsfyk
ihgpenpghf

shlpttdefs
gfypggpeew
gdrasgyhyn
gmlaecllte
tllhfimdsy
ldhedgiall
sigelkmtge
acllgrltel

fsenlfgvlt
yspgiyelrr
altcegckgt
igckskrlrk
nkgrmpgeit
kgsaveamfl
eyalltaivi
rtfnhhhaem

egvagplggn
mpaetlygge
frrsitknav
nvkghadgtv
nkilkeefsa
rsaeifnkkl
lspdrgyikd
lmswrvndhk

levepysqys
tevaempvtk
vkcknggncv
nedsegrdlr
eenfliltem
psghsdllee
reaveklgep
ftpllceiwd

nvqgfpgvapg
kprmgasagr
mdmymrrkcg
gvtsttkscr
atnhvgvlve
rirnsgisde
1ldvlgklck
vq

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a RAR-related orphan receptor A. For example, a ligand binding domain of a
RAR-related orphan receptor A can be amino acids 217 to 456 of SEQ ID NO: 85. In
some embodiments, a hormone receptor ligand binding domain is or includes a sequence
that is at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at
least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or

at least 99% identical to amino acids 217 to 456 of SEQ ID NO: 85.

SEQ ID NO: 85 (Human)

1
61
121
181
241
301
361
421

mmyfviaamk
lidrtsrnrc
pgeaepltpt
ingikpepic
gqgitwgtflg
lkagslevvf
tedeialfsa
tlralcgrht

agieiipcki
ghcrlgkcla
ynisanglte
dytpasgffp
eeienyqnkqg
irmcrafdsqg
fvlimsadrsw
eklmafkaiy

cgdkssgihy
vgmsrdavkf
lhddlsnyid
ycsftngets
revmwglcai
nntvyfdgky
lgekvkiekl
pdivrlhfpp

gvitcegckg
grmskkqgrds
ghtpegskad
ptvsmaeleh
kiteaiqgyvv
aspdvfkslg
ggkiglalgh
lykelftsef

ffrrsggsna
lyaevgkhrm
savssfyldi
lagniskshl
efakridgfm
cedfisfvfe
vlgknhredg
epamgidg

tyscprgknc
ggggrdhaqg
gpspdgsgld
etcgylreel
elcgndgivl
fgkslcsmhl
iltklickvs

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a RAR-related orphan receptor C. For example, a ligand binding domain of a

RAR-related orphan receptor C can be amino acids 268 to 506 of SEQ ID NO: 86. In

some embodiments, a hormone receptor ligand binding domain is or includes a sequence

that is at least 80%, at least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at

least 86%, at least 87%, at least 88%, at least 89%, at least 90%, at least 91%, at least
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92%, at least 93%, at least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or

at least 99% identical to amino acids 268 to 506 of SEQ ID NO: 86.

SEQ ID NO: 86 (Human)

1
61
121
181
241
301
361
421
481

mdrapgrghr
cnaaysctrqg
qlggrggaqq
gsgpsysnnl
lgelgqggpds
sreevtgyqr
vlvrmcrayn
talvlinahr
erlgifghlh

asrellaakk
gncpidrtsr
epvvktppag
akaglngasc
ygspsfrstp
ksmwemwerc
adnrtvffeg
pglgekrkve
pivvgaafpp

thtsgievip
nrcghcrlgk
aggadtltyt
hleyspergk
eapyasltei
ahhlteaiqy
kyggmelfra
glgynlelaf
lykelfstet

ckicgdkssg
clalgmsrda
lglpdgglpl
aegresfyst
ehlvgsvcks
vvefakrlsg
lgcselissi
hhhlckthrqg
espvglsk

ihygvitceg
vkfgrmskkqg
gsspdlpeas
gsgltpdrcg
yretcqglrle
fmelcgndgi
fdfshslsal
silaklppkg

ckgffrrsqgr
rdslhaevgk
acppgllkas
lrfeehrhpg
dllrgrsnif
v1lkagamev
hfsedeialy
klrslcsghv

Another non-limiting example of a ligand binding domain is a ligand binding

domain of a retinoic acid receptor. For example, a ligand binding domain of retinoic acid
receptor can be amino acids 156 to 385 of SEQ ID NO: 87. In some embodiments, a
hormone receptor ligand binding domain is or includes a sequence that is at least 80%, at
least 81%, at least 82%, at least 83%, at least 84%, at least 85%, at least 86%, at least
87%, at least 88%, at least 89%, at least 90%, at least 91%, at least 92%, at least 93%, at
least 94%, at least 95%, at least 96%, at least 97%, at least 98%, or at least 99% identical
to amino acids 156 to 385 of SEQ ID NO: 87.

25

30

35

SEQ ID NO: 87 (Human)

1
61
121
181
241
301
361
421

mlgglsppga
cqgdkssgyhy
vgmskesvrn
nnsseqrvsl
lrictrytpe
aiclicgdrg
aervitlkme

snrsspaths

lttlghglpv
gvsacegvkg
drnkkkkevp
didlwdkfse
gdtmtfsdgl
dlegpdrvdm
ipgsmppliqg
p

sgystpspat
ffrrsigknm
kpecsesytv
lstkciiktv
tlnrtgmhna
lgepllealk

emlensegld

ietgssssee
vytvhrdknc
tpevgeliek
efakglpgft
gfgpltdlvet

vyvrkrrpsr

tlsggpgggg

ivpsppsppp
iinkvtrnrc
vrkahgetfp
tltiadgitl
afangllple
hmfpkmlmki

rdggglappp

lpriykpcfv
gycrlgkcfte
alcglgkytt
lkaacldili
mddaetglls
tdlrsisakg
gscspslsps

As can be appreciated in the art, amino acids that are not conserved between

different mammalian homologues of hormone receptor ligand binding domains are more

likely to not play an important role in the hormone or hormone analogue binding activity

of the ligand binding domain, while those amino acids that are conserved between

123



10

15

20

25

30

1002842719

different mammalian homologues of hormone receptor ligand binding domains are more
likely to play an important role in the hormone or hormone analogue binding activity of
the ligand binding domain. Some ligand binding domains can include one or more (e.g.,
two, three, four, five, or six) amino acid substitutions of amino acids that are not
conserved between different mammalian homologues of hormone receptor ligand binding

domains.

Antigen-Binding Domains

In some embodiments of the single-chain chimeric antigen receptors or the multi-
chain chimeric antigen receptors, the antigen-binding domain can be selected from a
scFv, a scFv-Fc, a VHH domain, a VNAR domain, a (scFv)>, and a BiTE. Additional
examples of antigen-binding domains that can be used in a single-chain chimeric antigen
receptor or a multi-chain chimeric antigen receptor are known in the art.

A single-chain Fv or scFv fragment includes a Vi domain and a Vi domain in a
single polypeptide chain. The Vu and VL are generally linked by a peptide linker. In
other examples, the linker can be a single amino acid. In some examples, the linker can
be a chemical bond. See, e.g., Pluckthun, Antibodies from E. coli. In Rosenberg M. &
Moore G.P. (Eds.), The Pharmacology of Monoclonal Antibodies, Vol. 113, pp. 269-315,
Spinger-Verlag, New York, 1994. An exemplary Vi and Vu sequences that can be used in
a scFv are shown in SEQ ID NOs: 104 and 108 in the Examples. An exemplary linker
that can be used between the Vi and Vi domains in an scFv can be any of the exemplary
linkers described herein (e.g., a linker having the sequence of SEQ ID NO: 106)

Sc-Fv-Fc fragments include an scFv attached to an Fc domain. For example, an
Fc domain can be attached, e.g., to the C-terminus of the scFv. The Fc domain can
follow the Vi or Vu, depending on the orientation of the variable domains in the scFv.
The Fc domain can be any Fc domain known in the art. In some examples, the Fc
domain is an IgG1, IgG2, IgG3, or IgG4 Fc domain (e.g., a human IgG1, IgG2, IgG3, or
IgG4 Fc domain).

BiTEs are antigen-binding domains that include two V. and two Vuin a single
polypeptide that together form two scFvs, which can each bind to different epitopes on

the same antigen or each bind to different antigens. See, e.g., Baeuerle et al., Curr. Opin.
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Mol. Ther. 11:22-30, 2009; Wolf et al., Drug Discovery Today 10:1237-1244, 2005; and
Huehls et al., Immunol. Cell Biol. 93:290-296, 2015.

A VyH domain is a single monomeric variable antibody domain found in
camelids, and a Vnar domain is a single monomeric variable antibody domain found in
cartilaginous fish. VyH domains and Vnar domains are described in, e.g., Van
Audenhove et al., EBioMedicine 8:40-48, 2016; Krah et al., Immunopharmacol.
Immunotoxicol. 38:21-28, 2016; Cromie et al., Curr. Top. Med. Chem. 15:2543-2557,
2016; Kijanka et al., Nanomedicine 10:161-174, 2015; Kovaleva et al., Expert. Opin.
Biol. Ther. 14:1527-1539, 2014; De Meyer et al., Trends Biotechnol. 32:263-270, 2014;
Mujic-Delic et al., Trends Pharmacol. Sci. 35:247-255, 2014; Muyldermans, Ann. Rev.
Biochem. 82:775-797, 2013; Vincke et al., Methods Mol. Biol. 911:15-26, 2012;
Rahbarizadeh et al., Immunol. Invest. 40:299-338, 2011; Van Bockstaele et al., Curr:
Opin. Investig. Drugs 10:1212-1224, 2009; Wesolowski et al., Med. Microbiol. Immunol.
198:157-174, 2009; De Genst et al., Dev. Comp. Immunol. 30:187-198, 2006;
Muyldermans, J. Biotechnol. 74:277-302, 2001; and Muyldermans et al., Trends
Biochem. Sci. 26:230-235, 2001.

In some embodiments of the multi-chain chimeric antigen receptors, at least two
of the polypeptides that make up the multi-chain chimeric antigen receptor can interact
together to form an antigen-binding domain. In such embodiments, the antigen-binding
domain can be selected from the group of an antigen-binding antibody fragment, a dual-
affinity re-targeting antibody (DART), Fab-scFv-Fc, a triomab, a crossmab, an ortho-Fab
IgG, , IgG-scFv, scFva-Fe, a bi-nanobody, tanden antibody, a DART-Fc, a scFv-HAS-
scFv, DNL-Fabs, DAF (two-in-one or four-in-one), DutaMab, DT-IgG, knobs-in-holes
common LC, knobs-in-holes assembly, Fab-arm exchange antibody, SEEDbody,
Triomab, LUZ-Y, scDiabody-Fc, Fcab, kA-body, orthogonal Fab, DVD-IgG, IgG(H)-scFv,
scFv-(H)IgG, IgG(L)-scFv, scFv-(L)-IgG, IgG (L,H)-Fc, IgG(H)-V, V(H)-IgG, 1gG(L)-V,
V(L)-IgG, KIH IgG-scFab, 2scFv-IgG, IgG-2scFv, scFv4-Ig, Zybody, DVI-IgG,
nanobody, nanobody-HSA, a diabody, a TandAb, scDiabody, scDiabody-CH3, charge
pair antibody, diabody-CH3, Cov-X-Bod, Triple Body, miniantibody, a DVD-Ig,
minibody, a 2-in-1-IgG TriBi minibody, scFv-CH3 KIH, Fab-scFv, scFv-CH-CL-scFv,
F(ab'),-scFV2, scFv-KIH, tetravalent HCAb, diabody-Fc, tandem scFv-Fc, intrabody,
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dock and lock bispecific antibody, InmTAC, HSAbody, scDiabody-HAS, tandem scFv,
IgG-IgG, and scFv1-PEG-scFva.

Non-limiting examples of an antigen-binding antibody fragments include an Fv
fragment, a Fab fragment, a F(ab'), fragment, and a Fab' fragment. Additional examples
of an antigen-binding antibody fragment is an antigen-binding fragment of an IgG (e.g.,
an antigen-binding fragment of IgG1, 1gG2, IgG3, or IgG4) (e.g., an antigen-binding
fragment of a human or humanized IgG, e.g., human or humanized IgG1, IgG2, IgG3, or
IgG4); an antigen-binding fragment of an IgA (e.g., an antigen-binding fragment of IgA1
or IgA2) (e.g., an antigen-binding fragment of a human or humanized IgA, e.g., a human
or humanized IgA1 or IgA2); an antigen-binding fragment of an IgD (e.g., an antigen-
binding fragment of a human or humanized IgD); an antigen-binding fragment of an IgE
(e.g., an antigen-binding fragment of a human or humanized IgE); or an antigen-binding
fragment of an IgM (e.g., an antigen-binding fragment of a human or humanized IgM).

Examples of DVD-Igs are described, e.g., in DiGiammarino et al., Methods Mol.
Biol. 899:145-156, 2012; Jakob et al., MABs 5:358-363, 2013; and U.S. Patent Nos.
7,612,181; 8,258,268; 8,586,714; 8,716,450; 8,722,855; 8,735,546; and 8,822,645.
Examples of DARTs are described in, e.g., Garber, Nature Reviews Drug Discovery
13:799-801, 2014. Examples of triomabs, kih IgG with a common LCs, crossmabs,
ortho-Fab IgGs, 2-in-1-1gGs, IgG-ScFvs, scFv2-Fcs, bi-nanobodies, tanden antibodies,
DART-Fcs, scFv-HAS-scFvs, and DNL-Fab3s are described in, e.g., Kontermann et al.,
Drug Discovery Today 20:838-847, 2015. Examples of DAFs (two-in-one or four-in-
one), DutaMabs, DT-IgGs, knobs-in-holes common LCs, knobs-in-holes assemblies,
charge pair antibodies, Fab-arm exchange antibodies, SEEDbodies, Triomabs, LUZ-Ys,
Fcabs, kA-bodies, orthogonal Fabs, DVD-IgGs, [gG(H)-scFvs, scFv-(H)IgGs, IgG(L)-
scFvs, scFv-(L)-1gGs, IgG (L,H)-Fcs, IgG(H)-Vs, V(H)-IgGs, IgG(L)-Vs, V(L)-IgGs,
KIH IgG-scFabs, 2scFv-1gGs, IgG-2scFvs, scFv4-Igs, Zybodies, DVI-IgGs, nanobodies,
nanobody-HSAs, diabodies, TandAbs, scDiabodies, scDiabody-CH3s, Diabody-CH3s,
Triple Bodies, miniantibodies, minibodies, TriBi minibodies, scFv-CH3 KIHs, Fab-
scFvs, scFv-CH-CL-scFvs, F(ab'),-scFV2s, scFv-KIHs, Fab-scFv-Fcs, tetravalent
HCADbs, scDiabody-Fcs, diabody-Fcs, tandem scFv-Fcs, intrabodies, dock and lock
bispecific antibodies, InmTACs, HSAbodies, scDiabody-HASs, tandem scFvs, IgG-
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IgGs, Cov-X-Bodies, and scFv1-PEG-scFv2s are described in, e.g., Spiess et al., Mol.
Immunol. 67:95-106, 2015.

Any of the antigen-binding domains described herein can bind to an antigen with
a dissociation equilibrium constant (Kp) of less than 1 x 10”7 M, less than 1 x 10 M, less
than 1 x 10 M, less than 1 x 1071°M, less than 1 x 10°'' M, less than 1 x 1012 M, or less
than 1 x 107"* M. In some embodiments, the antigen-binding protein complexes provided
herein can bind to a first and/or second antigen with a Kp of about 1 x 10* M to about 1 x
10 M, about 1 x 10 M to about 1 x 10”7 M, about 1 x 10° M to about 1 x 10 M, about
1 x 107 M to about 1 x 10° M, about 1 x 10® M to about 1 x 101 M, or about 1 x 10° M
to about 1 x 10! M (inclusive). A variety of different methods known in the art can be
used to determine the Kp value of an antigen-binding domain (e.g., an electrophoretic
mobility shift assay, a filter binding assay, surface plasmon resonance, and a biomolecular

binding kinetics assay, etc.).

Antigens

In some embodiments, an antigen-binding domain described herein can bind to a
single antigen (e.g., any of the exemplary antigens described herein or known in the art).
In some embodiments, an antigen-binding domain described herein can bind to two or
more different antigens (e.g., two or more of any of the exemplary antigens described
herein or known in the art). Non-limiting examples of antigens include: HER2, A33
antigen, 9-0-acetyl-GD3, CA19-9 marker, BhnCG, CA-125 marker, carboanhydrase IX
(MN/CA IX), calreticulin, CCR5, CCRS, CD2, , CD3, CD5, CD16, CD19, CD20, CD22,
CD24, CD25, CD27, CD28, CD30, CD33, CD38, CD40L, CD44, CD44V6, CD63,
CD70, CD84, CDY6, CD100, CC123, CD133, CD137, CD138, CD150, CD152 (CTLA-
4), CD160, CRTAM, CS1 (CD319), DNAM-1 (CD226), CD229, CD244, CD272
(BTLA), CD274 (PDL-1, B7H1), CD279 (PD-1), CD319, CD352, CRTAM (CD355),
CD358, DR3, GITR (TNFRSF 18), HVEM, ICOS, LIGHT, LTBR, OX40, activating
forms of KIR, NKG2C, NKG2D, NKG2E, one or more natural cytotoxicity receptors,
NTB-A, PEN-5, carcinoma embryonic antigen (CEA; CD66¢), desmoglein 4, E-cadherin
neoepitope, endosialin, ephrin A2 (EphA2), epidermal growth factor receptor (EGFR),
epithelial cell adhesion molecule (EpCAM), fucosyl GM1, GD2, GD3, GM2, ganglioside

127



10

15

20

25

30

1002842719

GM3, Globo H, glycoprotein 100, HER2/neu, HER3, HER4, insulin-like growth factor
receptor 1, Lewis-Y, LG, Ly-6, melanoma-specific chondroitin-sulfate proteoglycan
(MCSCP), mesothelin, MUC1, MUC2, MUC3, MUC4, MUC5AC, MUCS5,, MUC7,
MUCI16, Mullerian inhibitory substance (MIS) receptor type 11, plasma cell antigen, poly
SA, PSCA, PSMA, sonic hedgehog (SHH), SAS, STEAP, sTn antigen, TNF-a precursor,
2B4 (CD244), B2-integrins, KIR, KIR2DL1, KIR2DL2, KIR2DL3, KIR3DL2, KIR-L,
KLRGI, LAIR-1, NKG2A, NKR-P IA, Siglec-3, Siglec-7, Siglec-9, TCRa, TCRB,
TCRS5y, TIM1, LAG3, LAIR1, PD-1H, TIGIT, TIM2, and TIM3. Additional examples of

antigens are known in the art.

Costimulatory Domains

In normal lymphocytes, T cell activation is mediated by two classes of
intracellular signaling domains. Primary signaling is initiated via MHC-mediated
antigen-dependent activation via the T cell receptor (e.g., a TCR/CD3 complex). A
secondary or costimulatory signal is provided by a different receptor that includes a
costimulatory signaling domain, which acts in an antigen-independent manner. Signals
generated through the signaling domain of the TCR alone are insufficient for complete T
cell activation; a co-stimulatory signal is also required.

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
costimulatory domain, or portion thereof, from an endogenous mammalian (e.g., human)
transmembrane polypeptide selected from the group of: CD27(also known as S152,
S152.LPFS2, T14, TNFRSF7, and Tp55), CD28 (also known as Tp44), 4-1BB (also
known as TNFRSF9, CD137, CDw137, ILA, and tumor necrosis factor receptor
superfamily member 9), 0X40 (also known as TNFRSF4, ACT35, RP5-902P8.3,
IMD16, CD134, TXGP1L, and tumor necrosis factor receptor superfamily member 4),
CD30 (also known as TNFRSF8, D1S166E, and Ki-1), CD40L (also known as CD40LG,
CD154, HIGM1, IGM, IMD3, T-BAM, TNFSF5, TRAP, gp39, hCD40L, and CD40
ligand), CD40 (also known as Bp50, CDW40, TNFRSFS5, p50, CD40 (protein), and
CD40 molecule), PD-1 (also known as PDCD1, CD279, PD-1, SLEB2, hPD-1, hPD-I,
hSLE1, and Programmed cell death 1), PD-L1 (also known as CD274, B7-H, B7H1, PD-
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L1, PDCDILI, PDCDILGI1, PDLI1, CD274 molecule, and Programmed cell death 1
ligand 1), ICOS (also known as AILIM, CD278, and CVID1), LFA-1 (also known as
Lymphocyte function-associated antigen 1), CD2 (also known as LFA-2, SRBC, T11,
and CD2 molecule), CD7 (also known as GP40, LEU-9, TP41, Tp40, and CD7
molecule), CD160 (also known as BY55, NK1, NK28, and CD160 molecule), LIGHT
(also known as TNFSF14, CD258, HVEML, LIGHT, LTg, TR2, TNLG1D, and tumor
necrosis factor superfamily member 14), BTLA (also known as CD272 and BTLA1),
TIM3 (also known as HAVCR2, HAVcr-2, KIM-3, TIM3, TIMD-3, TIMD3, Tim-3,
CD366, and hepatitis A virus cellular receptor 2), CD244 (also known as 2B4, NAIL,
NKR2B4, Nmrk, SLAMF4, and CD244 molecule), CD80 (also known as B7, B7-1, B7.1,
BBI1, CD28LG, CD28LG1, LAB7, and CD80 molecule), LAG3 (also known as CD223
and lymphocyte activating 3), NKG2C (also known as CD314, D12S2489E, KLR,
NKG2-D, NKG2D, and killer cell lectin like receptor K1), GITR (also known as
TNFRSF18, RP5-902P8.2, AITR, CD357, and GITR-D), HVEM (also known as
TNFRSF14, RP3-395M20.6, ATAR, CD270, HVEA, HVEM, LIGHTR, and TR2),
TLRI, TLR2, TLR3, TLR4, TLRS, TLR6, TLR7, TLR8, TLR9, TLRIO, CARDI I, CD54
(ICAM), CD83, DAP10, LAT, SLP76, TRIM, ZAP70, and B7-H3 (also known as
CD276, 41g-B7-H3, B7H3, B7RP-2, and CD276 molecule). The letters “CD” is the
previous sentence stand for “Cluster of Differentiation.” For example, CD3 stands for
“Cluster of Differentiation 3.” In some embodiments, a single-chain chimeric
polypeptide, a single-chain chimeric antigen receptor, or a multi-chain chimeric antigen
receptor includes a costimulatory domain, or portion thereof, from an endogenous
mammalian (e.g., human) transmembrane polypeptide (e.g., a mammalian or human
homolog of any of the polypeptides listed above).

Any costimulatory domain, or portion thereof, that serves to provide a
costimulatory signal is suitable for use in accordance with compositions and methods
disclosed herein. In some embodiments, a single-chain chimeric polypeptide, a single-
chain chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
costimulatory domain, or portion thereof, from human CD28 (e.g. Accession No.
P01747, e.g., from amino acids 180 to 220 of SEQ ID NO: 18). In some embodiments, a

costimulatory domain is or includes a sequence that is at least 80%, 81%, 82%, 83%,
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84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%., 96%, 97%, 98%, or
99% identical (or is identical) to amino acids 180 to 220 of SEQ ID NO: 18, or a
fragment thereof. In some embodiments, a costimulatory domain is or includes a
sequence that is at least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%,
91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or 99% (or is identical) to SEQ ID NO:

116, or a fragment thereof.

SEQ ID NO: 18
MLRLLLALNLFPSIQVTGNKILVKQSPMLVAYDNAVNLSCKYSYNLFSREFRASL
HKGLDSAVEVCVVYGNYSQQLQVYSKTGFNCDGKLGNESVTFYLONLYVNQT
DIYFCKIEVMYPPPYLDNEKSNGTIHHVKGKHLCPSPLFPGPSKPFWVLVVVGGVL
ACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAA
YRS

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
costimulatory domain, or portion thereof, from human 4-1BB (e.g. Accession No.
Q07011, e.g., from amino acids 214 to 255 of SEQ ID NO: 19). In some embodiments, a
costimulatory domain is or includes a sequence that is at least 80%, 81%, 82%, 83%,
84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, or
99% identical to amino acids 214 to 255 of SEQ ID NO: 19, or a portion thereof.

SEQ ID NO: 19
MGNSCYNIVATLLLVLNFERTRSLQDPCSNCPAGTFCDNNRNQICSPCPPNSFSSA
GGQRTCDICRQCKGVFRTRKECSSTSNAECDCTPGFHCLGAGCSMCEQDCKQGQ
ELTKKGCKDCCFGTFNDQKRGICRPWTNCSLDGKSVLVNGTKERDVVCGPSPA
DLSPGASSVTPPAPAREPGHSPQIISFFLALTSTALLFLLFFLTLRFSVVKRGRKKLL
YIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

In some embodiments, a costimulatory domain is or includes a sequence that is at

least 80%, 81%, 82%, 83%, 84%, 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%,
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94%, 95%, 96%, 97%, 98%, or 99% identical to SEQ ID NO: 44, 57, or 116, or a portion
thereof.

A single-chain chimeric polypeptide, a single-chain chimeric antigen receptor, or
a multi-chain chimeric antigen receptor disclosed herein can include a costimulatory
domain that includes a sequence of amino acids from any isoform of an endogenous
mammalian (e.g., human) transmembrane polypeptide having a costimulatory domain
including, e.g., an isoform of: CD27, CD28, 4-1BB, 0X40, CD30, CD40L, CD40, PD-1,
PD-L1, ICOS, LFA-1, CD2, CD7, CD160, LIGHT, BTLA, TIM3, CD244, CD80, LAG3,
NKG2C, or B7-H3 (including, without limitation, a mammalian or human homolog of
any of these polypeptides).

In some embodiments, a costimulatory domain, or portion thereof, of a single-
chain chimeric polypeptide, a single-chain chimeric antigen receptor, or a multi-chain
chimeric antigen receptor includes a sequence of amino acids that exhibits at least 85%,
86%, 87%, 88%, 89%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more
sequence identity to a costimulatory domain from one or more of a mammalian (e.g.,
human) CD27, CD28, 4-1BB, 0X40, CD30, CD40L, CD40, PD-1, PD-L1, ICOS, LFA-
1, CD2, CD7, CD160, LIGHT, BTLA, TIM3, CD244, CD80, LAG3, NKG2C, or B7-H3.
In some embodiments, a costimulatory domain, or portion thereof, of a single-chain
chimeric polypeptide, a single-chain chimeric antigen receptor, or a multi-chain chimeric
antigen receptor includes a sequence of amino acids having one or more amino acid
substitutions, deletions, or additions as compared to a costimulatory domain of one or
more of an endogenous mammalian (e.g., human) transmembrane polypeptide: an o chain
of a T cell receptor, a B chain of the T cell receptor, a { chain of the T cell receptor,
CD27, CD28, 4-1BB, 0X40, CD30, CD40L, CD40, PD-1, PD-L1, ICOS, LFA-1, CD2,
CD7, CD160, LIGHT, BTLA, TIM3, CD244, CD80, LAG3, NKG2C, or B7-H3
(including, without limitation, a mammalian or human homolog of any of these
polypeptides).

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes a
costimulatory domain that is a chimeric costimulatory domain having portions of a

costimulatory domain from two or more endogenous mammalian (e.g., human)
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transmembrane polypeptides including, without limitation, CD27, CD28, 4-1BB, 0X40,
CD30, CD40L, CD40, PD-1, PD-L1, ICOS, LFA-1, CD2, CD7, CD160, LIGHT, BTLA,
TIM3, CD244, CD80, LAG3, NKG2C, or B7-H3 (including, without limitation, a
mammalian or human homolog of any of these polypeptides), such that the two or more
portions of the transmembrane domains together constitute a functional costimulatory
domain. In some embodiments, such a portion of a chimeric costimulatory domain can
include one or more amino acid substitutions, deletions, or additions as compared to a
corresponding portion of a wildtype costimulatory domain.

A costimulatory domain of a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor disclosed herein can
be of any suitable length. For example, a costimulatory domain can have a length of
about 20 amino acids to about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, about 120 amino acids, about 110 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65 amino
acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45 amino
acids, about 40 amino acids, about 35 amino acids, about 30 amino acids, or about 25
amino acids (inclusive); about 25 amino acids to about 200 amino acids, about 190 amino
acids, about 180 amino acids, about 170 amino acids, about 160 amino acids, about 150
amino acids, about 140 amino acids, about 130 amino acids, about 120 amino acids,
about 110 amino acids, about 100 amino acids, about 95 amino acids, about 90 amino
acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino
acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about 50 amino
acids, about 45 amino acids, about 40 amino acids, about 35 amino acids, or about 30
amino acids (inclusive); about 30 amino acids to about 200 amino acids, about 190 amino
acids, about 180 amino acids, about 170 amino acids, about 160 amino acids, about 150
amino acids, about 140 amino acids, about 130 amino acids, about 120 amino acids,
about 110 amino acids, about 100 amino acids, about 95 amino acids, about 90 amino
acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70 amino

acids, about 65 amino acids, about 60 amino acids, about 55 amino acids, about 50 amino
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acids, about 45 amino acids, about 40 amino acids, or about 35 amino acids (inclusive);
about 35 amino acids to about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, about 120 amino acids, about 110 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, about 70 amino acids, about 65 amino
acids, about 60 amino acids, about 55 amino acids, about 50 amino acids, about 45 amino
acids, or about 40 amino acids (inclusive); about 40 amino acids to about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160
amino acids, about 150 amino acids, about 140 amino acids, about 130 amino acids,
about 120 amino acids, about 110 amino acids, about 100 amino acids, about 95 amino
acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75 amino
acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, about 55 amino
acids, about 50 amino acids, or about 45 amino acids (inclusive); about 45 amino acids to
about 200 amino acids, about 190 amino acids, about 180 amino acids, about 170 amino
acids, about 160 amino acids, about 150 amino acids, about 140 amino acids, about 130
amino acids, about 120 amino acids, about 110 amino acids, about 100 amino acids,
about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids,
about 75 amino acids, about 70 amino acids, about 65 amino acids, about 60 amino acids,
about 55 amino acids, or about 50 amino acids (inclusive); about 50 amino acids to about
200 amino acids, about 190 amino acids, about 180 amino acids, about 170 amino acids,
about 160 amino acids, about 150 amino acids, about 140 amino acids, about 130 amino
acids, about 120 amino acids, about 110 amino acids, about 100 amino acids, about 95
amino acids, about 90 amino acids, about 85 amino acids, about 80 amino acids, about 75
amino acids, about 70 amino acids, about 65 amino acids, about 60 amino acids, or about
55 amino acids (inclusive); about 55 amino acids to about 200 amino acids, about 190
amino acids, about 180 amino acids, about 170 amino acids, about 160 amino acids,
about 150 amino acids, about 140 amino acids, about 130 amino acids, about 120 amino
acids, about 110 amino acids, about 100 amino acids, about 95 amino acids, about 90
amino acids, about 85 amino acids, about 80 amino acids, about 75 amino acids, about 70

amino acids, about 65 amino acids, or about 60 amino acids (inclusive); about 60 amino
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acids to about 200 amino acids, about 190 amino acids, about 180 amino acids, about 170
amino acids, about 160 amino acids, about 150 amino acids, about 140 amino acids,
about 130 amino acids, about 120 amino acids, about 110 amino acids, about 100 amino
acids, about 95 amino acids, about 90 amino acids, about 85 amino acids, about 80 amino
acids, about 75 amino acids, about 70 amino acids, or about 65 amino acids (inclusive);
about 65 amino acids to about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, about 120 amino acids, about 110 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, about 80 amino acids, about 75 amino acids, or about 70 amino acids (inclusive);
about 70 amino acids to about 200 amino acids, about 190 amino acids, about 180 amino
acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, about 140
amino acids, about 130 amino acids, about 120 amino acids, about 110 amino acids,
about 100 amino acids, about 95 amino acids, about 90 amino acids, about 85 amino
acids, or about 80 amino acids (inclusive); about 80 amino acids to about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160
amino acids, about 150 amino acids, about 140 amino acids, about 130 amino acids,
about 120 amino acids, about 110 amino acids, about 100 amino acids, about 95 amino
acids, or about 90 amino acids (inclusive); about 90 amino acids to about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160
amino acids, about 150 amino acids, about 140 amino acids, about 130 amino acids,
about 120 amino acids, about 110 amino acids, or about 100 amino acids (inclusive);
about 100 amino acids to about 200 amino acids, about 190 amino acids, about 180
amino acids, about 170 amino acids, about 160 amino acids, about 150 amino acids,
about 140 amino acids, about 130 amino acids, about 120 amino acids, or about 110
amino acids (inclusive); about 110 amino acids to about 200 amino acids, about 190
amino acids, about 180 amino acids, about 170 amino acids, about 160 amino acids,
about 150 amino acids, about 140 amino acids, about 130 amino acids, or about 120
amino acids (inclusive); about 120 amino acids to about 200 amino acids, about 190
amino acids, about 180 amino acids, about 170 amino acids, about 160 amino acids,

about 150 amino acids, about 140 amino acids, or about 130 amino acids (inclusive);
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about 130 amino acids to about 200 amino acids, about 190 amino acids, about 180
amino acids, about 170 amino acids, about 160 amino acids, about 150 amino acids, or
about 140 amino acids (inclusive); about 140 amino acids to about 200 amino acids,
about 190 amino acids, about 180 amino acids, about 170 amino acids, about 160 amino
acids, or about 150 amino acids (inclusive); about 150 amino acids to about 200 amino
acids, about 190 amino acids, about 180 amino acids, about 170 amino acids, or about
160 amino acids (inclusive); about 160 amino acids to about 200 amino acids, about 190
amino acids, about 180 amino acids, or about 170 amino acids (inclusive); about 170
amino acids to about 200 amino acids, about 190 amino acids, or about 180 amino acids
(inclusive); about 180 amino acids to about 200 amino acids or about 190 amino acids
(inclusive); or about 190 amino acids to about 200 amino acids (inclusive).

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes two or
more costimulatory domains, e.g., two, three, four, or five, or more costimulatory
domains. In some embodiments, the two or more costimulatory domains are identical
(e.g., they have the same amino acid sequence). In some embodiments, the costimulatory
domains are not identical. For example, the costimulatory domains can be selected from
different endogenous mammalian (e.g., human) transmembrane polypeptides including,
without limitation, CD27, CD28, 4-1BB, 0X40, CD30, CD40L, CD40, PD-1, PD-L1,
ICOS, LFA-1, CD2, CD7, CD160, LIGHT, BTLA, TIM3, CD244, CD80, LAG3,
NKG2C, or B7-H3 (including, without limitation, a mammalian or human homolog of
any of these polypeptides). In some embodiments, the two or more costimulatory
domains can differ from each other by one or more (e.g., two, three, four, or five) amino
acid substitutions, deletions, or additions. In some embodiments, the two or more
costimulatory domains exhibit at least 85%, 86%, 87%, 88%, 89%, 90%, 91%, 92%,
93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence identity to each other.

Immunoreceptor Tyrosine-Based Activation Motifs (ITAMs)

ITAMs include a tyrosine separated from a leucine or isoleucine by any two other

amino acids, and can thus be represented as, e.g., Tyr-X-X-Leu/lIle. ITAMs are typically
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repeated (e.g., two or more times) in the cytoplasmic tails of certain cell surface proteins
of the immune system, and are typically separated by between six and eight amino acids.

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes an ITAM,
or portion thereof, from an endogenous mammalian (e.g., human) polypeptide, wherein
endogenous mammalian (e.g., human) polypeptide is selected from the group of: CD3(
(also referred to as CD3 zeta), CD3— (CD3 delta), CD3¢ (CD3 epsilon), CD3y (CD3
gamma), DAP12, FCeR 1y (Fc epsilon receptor I gamma chain), FcRy, FcRft, CD35,
CD22, CD79A (antigen receptor complex-associated protein alpha chain), CD79B
(antigen receptor complex-associated protein beta chain), and CD66d. The letters “CD”
is the previous sentence stand for “Cluster of Differentiation.” For example, CD3 stands
for “Cluster of Differentiation 3.”

Any ITAM, or portion thereof, that serves to mediate signaling in an endogenous
mammalian (e.g., human) transmembrane protein suitable for use in accordance with
compositions and methods disclosed herein. In some embodiments, a single-chain
chimeric polypeptide, a single-chain chimeric antigen receptor, or a multi-chain chimeric
antigen receptor includes an ITAM, or portion thereof, from human CD3 zeta (e.g.
Accession No. P20963, e.g., an ITAM present in amino acids 52 — 164 of SEQ ID NO:
17, or a portion thereof; or SEQ ID NO: 118 or a portion thereof). In some embodiments,
an ITAM comprises a sequence that is at least 80% (e.g., at least 82%, at least 84%, at
least 86%, at least 88%, at least 90%, at least 92%, at least 94%, at least 96%, at least
98%, at least 99%, or 100% identical to: the sequence of amino acids 52-165 of SEQ ID
NO: 17 (or a portion thereof), or the sequence of SEQ ID NO: 118 (or a portion thereof).

SEQ ID NO: 17
MKWKALFTAAILQAQLPITEAQSFGLLDPKLCYLLDGILFIYGVILTALFLRVKEFS
RSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPQRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQA
LPPR
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In some embodiments, an ITAM comprises a sequence that is or includes a
sequence that is at least 80% (e.g., at least 82%, at least 84%, at least 86%, at least 88%,
at least 90%, at least 92%, at least 94%, at least 96%, at least 98%, at least 99%, or
100%) identical to SEQ ID NO: 48, 61, or 118, or a portion thereof.

As will be appreciated by those of ordinary skill in the art, certain polypeptides
have two or more isoforms that differ at least in their primary polypeptide sequence. For
example, different isoforms can be generated as a result of alternative splicing. A single-
chain chimeric polypeptide, a single-chain chimeric antigen receptor, or a multi-chain
chimeric antigen receptor disclosed herein can include an ITAM that includes a sequence
of amino acids from any isoform of an endogenous mammalian transmembrane
polypeptide having an ITAM including, e.g., a mammalian (e.g., human) isoform of:
CD3¢, CD3D, CD3E, CD3G, DAP12, FCERIG, FcRy, FcRft, CD35, CD22, CD79A,
CD79B, or CD66d.

In some embodiments, an ITAM, or portion thereof, of a single-chain chimeric
polypeptide, a single-chain chimeric antigen receptor, or a multi-chain chimeric antigen
receptor includes a sequence of amino acids having one or more (e.g., two, three, four, or
five) amino acid substitutions, deletions, or additions as compared to an ITAM of one or
more of an ITAM in an endogenous mammalian (e.g., human) transmembrane protein,
such as, CD3(, CD3D, CD3E, CD3G, DAP12, FCERI1G, FcRy, FcRft, CD35, CD22,
CD79A, CD79B, or CD66d. For example, the tyrosine and leucine or isoleucine of an
ITAM could be retained, while the two amino acids separating them could be replaced
with different amino acids.

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes an ITAM
that is a chimeric ITAM having portions of an ITAM from two or more endogenous
mammalian (e.g., human) transmembrane polypeptides including, without limitation,
CD3¢, CD3D, CD3E, CD3G, DAP12, FCERIG, FcRy, FcRft, CD35, CD22, CD79A,
CD79B, or CD66d (including, without limitation, a mammalian or human homolog of
any of these polypeptides), such that the two or more ITAM portions together constitute a

functional ITAM. In some embodiments, such a portion of a chimeric ITAM can include
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one or more amino acid substitutions, deletions, or additions as compared to a
corresponding portion of a wild type ITAM.

In some embodiments, a single-chain chimeric polypeptide, a single-chain
chimeric antigen receptor, or a multi-chain chimeric antigen receptor includes two or
more ITAMs, e.g., two, three, four, or five, or more ITAMs. In some embodiments, the
two or more ITAMs are identical (e.g., they have the same amino acid sequence). In
some embodiments, the two or more ITAMs are not identical. For example, the ITAMs
can be selected from different endogenous mammalian (e.g., human) transmembrane
polypeptides including, without limitation, CD3(, CD3D, CD3E, CD3G, DAP12,
FCERI1G, FcRy, FcRft, CD35, CD22, CD79A, CD79B (including, without limitation, a
mammalian or human homolog of any of these polypeptides). In some embodiments, the
two or more ITAMs can differ from each other by one or more amino acid substitutions,

deletions, or additions.

Nucleic Acids

Also provided herein are nucleic acids that encode any of the single-chain
chimeric polypeptides, single-chain chimeric antigen receptors, and multi-chain chimeric
antigen receptors. Also provided herein are a set of nucleic acids that encode one or more
single-chain polypeptides that make up a multi-chain chimeric polypeptide (e.g., where at
least one single-chain polypeptide that makes up the multi-chain chimeric polypeptide is

encoded by each nucleic acid in the set).

Vectors

Provided herein are vectors that include any of the nucleic acids provided herein.
A “vector” according to the present disclosure is a polynucleotide capable of inducing the
expression of a recombinant protein (e.g., a single-chain chimeric polypeptide, a single-
chain chimeric antigen receptor, or a multi-chain chimeric antigen receptor) in a
mammalian cell. A vector provided herein can be, e.g., in circular or linearized form.
Non-limiting examples of vectors include plasmids, SV40 vectors, adenoviral viral
vectors, and adeno-associated virus (AAV) vectors. Non-limiting examples of vectors

include lentiviral vectors or retroviral vectors, e.g., gamma-retroviral vectors. See, e.g.,
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Carlens et al., Exp. Hematol. 28(10:1137-1146, 2000, Park et al., Trends Biotechnol.
29(11):550-557, 2011; and Alonso-Camino et al., Mol. Ther. Nucleic Acids 2:€93, 2013.
Non-limiting examples of retroviral vectors include those derived from Moloney murine
leukemia virus, myeloproliferative sarcoma virus, murine embryonic stem cell virus,
murine stem cell virus, spleen focus forming virus, or adeno-associated virus. Non-
limiting examples of retroviral vectors are described in, e.g., U.S. Patent Nos. 5,219,740
and 6,207,453; Miller et al., BioTechniques 7:980-990, 1989; Miller, Human Gene
Therapy 1:5-14, 1990; Scarpa et al., Virology 180:849-852, 1991; Burns et al., Proc.
Natl. Acad. Sci. U.S.A. 90:8033-8037, 1993; and Boris-Lawrie et al., Cur. Opin. Genet.
Develop. 3:102-109, 1993. Exemplary lentiviral vectors are described in, e.g., Wang et
al., J. Immunother. 35(9):689-701, 2003; Cooper et al., Blood 101:1637-1644, 2003;
Verhoeyen et al., Methods Mol. Biol. 506:97-114, 2009; and Cavalieri et al., Blood
102(2):497-505, 2003.

Exemplary vectors, in which any of the nucleic acids provided herein can be
inserted, are described in, e.g., Ausubel et al., Eds. “Current Protocols in Molecular
Biology” Current Protocols, 1993; and Sambrook et al., Eds. “Molecular Cloning: A
Laboratory Manual,” 2nd ed., Cold Spring Harbor Press, 1989.

In some embodiments, the vectors further include a promoter and/or enhancer
operably linked to any of the nucleic acids described herein. Non-limiting examples of
promoters include promoters from human cytomegalovirus (CMV), mouse
phosphoglycerate kinase 1, polyoma adenovirus, thyroid stimulating hormone a,
vimentin, simian virus 40 (SV40), tumor necrosis factor, B-globin, a-fetoprotein, y-
globin, B-interferon, y-glutamyl transferase, human ubiquitin C (UBC), mouse mammary
tumor virus (MMTYV), Rous sarcoma virus, glyceraldehyde-3-phosphate dehydrogenase,
B-actin, metallothionein IT (MT II), amylase, human EF1a, cathepsin, MI muscarinic
receptor, retroviral LTR (e.g. human T-cell leukemia virus HTLV), AAV ITR,
interleukin-2, collagenase, platelet-derived growth factor, adenovirus E2, stromelysin,
murine MX, rat insulin, glucose regulated protein 78, human immunodeficiency virus,
glucose regulated protein 94, a-2-macroglobulin, MHC class I, HSP70, proliferin,
immunoglobulin light chain, T-cell receptor, HLA DQa, HLA DQ, interleukin-2

receptor, MHC class II, prealbumin (transthyretin), elastase I, albumin, c-fos, neural cell
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adhesion molecule (NCAM), H2B histone, rat growth hormone, human serum amyloid
(SAA), muscle creatinine kinase, troponin I (TN I), and Gibbon Ape Leukemia Virus
(GALV). In some embodiments, the promoter may be an inducible promoter or a
constitutive promoter. Additional examples of promoters are known in the art.

In some examples, the vectors provided herein further include a poly(A)
sequence, which is operably linked and positioned 3’ to the sequence encoding the single-
chain chimeric polypeptide, the single-chain chimeric antigen receptor, or any of the
polypeptides that make up the multi-chain chimeric antigen receptor. Non-limiting
examples of a poly(A) sequence include those derived from bovine growth hormone
(Woychik et al., Proc. Natl. Acad. Sci. U.S.A. 81(13): 3944-3948, 1984, and U.S. Patent
No. 5,122, 458), mouse-B-globin, mouse-a-globin (Orkin et al., EMBO J. 4(2): 453-456,
1985), human collagen, polyoma virus (Batt et al., Mol. Cell Biol. 15(9):4783-4790,
1995), the Herpes simplex virus thymidine kinase gene (HSV TK), IgG heavy chain gene
polyadenylation signal (U.S. Patent Application Publication No. 2006/0040354), human
growth hormone (hGH) (Szymanski et al., Mol. Therapy 15(7):1340-1347, 2007), SV40
poly(A) site, e.g., SV40 late and early poly(A) site (Schek et al., Mol. Cell Biol.
12(12):5386-5393, 1992). In some embodiments, the poly(A) sequence includes a highly
conserved upstream element (AATAAA). The this AATAAA sequence can, e.g., be
substituted with other hexanucleotide sequences with homology to AATAAA which are
capable of signaling polyadenylation, including, e.g., ATTAAA, AGTAAA, CATAAA,
TATAAA, GATAAA, ACTAAA, AATATA, AAGAAA, AATAAT, AAAAAA,
AATGAA, AATCAA, AACAAA, AATCAA, AATAAC, AATAGA, AATTAA, and
AATAAG. See, e.g., WO 06012414 A2).

A poly(A) sequence can, e.g., be a synthetic polyadenylation site. See, e.g., Levitt
el al, Genes Dev. 3(7): 1019-1025, 1989). In some examples, a poly(A) sequence can be
the polyadenylation signal of soluble neuropilin-1: AAATAAAATACGAAATG.
Additional examples of poly(A) sequences are known in the art. Additional examples

and aspects of vectors are also known in the art.
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Methods of Introducing a Nucleic Acid or Vectors into a Mammalian Cell

A variety of different methods known in the art can be used to introduce any of
the nucleic acids and vectors disclosed herein into a mammalian cell (e.g., any of the
mammalian cells described herein, e.g., any of the T cells (e.g., human T cells) described
herein). Non-limiting examples of methods that can be used to introduce a nucleic acid
or vector into a mammalian cell include lipofection, transfection, electroporation,
microinjection, calcium phosphate transfection, dendrimer-based transfection, cationic
polymer transfection, cell squeezing, sonoporation, optical transfection, impalection,
hydrodynamic delivery, magnetofection, viral transduction (e.g., adenoviral and lentiviral
transduction), and nanoparticle transfection. Additional methods of introducing a nucleic
acid or vector into a mammalian cell are known in the art.

Mammalian Cells

Also provided herein are mammalian cells that include any of the nucleic acids or
vectors described herein. In some embodiments, the mammalian cell is previously
obtained from a subject (e.g., a human subject, e.g., a human subject identified or
diagnosed as having a cancer).

Non-limiting examples of mammalian cells include a T cell (e.g., a human T cell).
Non limiting examples of T cells (e.g., human T cells) include, e.g., an immature
thymocyte, a peripheral blood lymphocyte, a naive T cell, a pluripotent Ty cell precursor,
a lymphoid progenitor cell, a Tre cell, a memory T cell, a Tyl7 cell, a Th22 cell, a Ty9
cell, a Tu2 cell, a Tul cell, a Tu3 cell, yo T cell, an o T cell, a Treg cell, and a tumor-
infiltrating T cell. Additional examples of a T cell (e.g., a human T cell) include a CD8™
T cell, a CD4" T cell, and natural killer T cell. Additional examples of mammalian cells
include a mast cell, a macrophage, a neutrophil, a dendritic cell, a basophil, an eosinophil,

and a natural killer cell.

Hormones and Hormone Analogues

Non-limiting examples of hormones include estrogen (17p-estradiol),
progesterone, testosterone, and dihydrotestosterone. Non-limiting examples of hormone
analogues include estrogen hormone analogues, progesterone hormone analogues, and
androgen hormone analogues.
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Non-limiting examples of estrogen hormone analogues include: afimoxifene (also
known as 4-hydroxytamoxifen, 4-OHT, 4-HT, and OHTAM); selective estrogen receptor
modulators (SERMs), such as clomifene, ormeloxifene, raloxifene, tamoxifen,
toremifene, lasofoxifene, and ospemifene; estradiol; estrone; raloxifene; estriol; genistein;
phytoestrogens (e.g., isoflavones, such as genistein, daidzein, formononetin, and
glycitein; coumestans, such as coumestrol and repensol andtrifoliol; and lignans, such as
lariciresinol, matairesinol, pinoresinol, secoisolariciresinol, podophyllotoxin, and
steganacin); and xenoestrogens (e.g., diethylstilbestrol, ethinyl estradiol, butylated
hydroxyanisole, erythrosine, camphors (e.g., 4-methylbenzylidene camphor), parabens
(e.g., methylparaben, ethylparaben and propylparaben), atrazine,
dichlorodiphenyldichloroethylene, dichlorodiphenyltrichloroethane, methoxychlor,
dieldrin, endosulfan, heptachlor, lindane, phenols (e.g., bisphenol A and nonylphenol),
biphenyls (e.g., monochlorobiphenyl and dichlorobiphenyl), phthalates (e.g., di-2-
ethylhexyl phthalate, diisodecyl phthalate and diisononyl phthalate), and
metalloestrogens). In some embodiments, an estrogen hormone analogue can be, e.g.,
mifepristone (also known as RU-486). In some embodiments, an estrogen hormone
analogue can be a selective progesterone receptor modulator (SPRM), such as
onapristone (ZK98299), lonaprisan (ZK230211, BAY86-5044), APR19, EC304, WAY-
255348, ORG31710, asoprisnil (J867), telapristone (Proellex, CDB-4124), and CDB-
2914 (ulipristal acetates).

Non-limiting examples of progesterone hormone analogues include selective
progesterone receptor modulators (SPRMs), such as onapristone (ZK98299), lonaprisan
(ZK230211, BAY86-5044), APR19, EC304, WAY-255348, ORG31710, asoprisnil
(J867), telapristone (Proellex, CDB-4124), and CDB-2914 (ulipristal acetates).

Non-limiting examples of androgen hormone analogues include enobosarm (also
known as ostarine, MK-2866, GTx-024, and S-22), BMS-564,929, LGD-4033
(ligandrol), AC-262,356, JNJ-28330835, LGD-2226, LGD-3303, S-40503, S-23,
RAD140, acetothiolutamide, Andarine, LG-121071, TFM-4AS-1, and YK-11.

As can be appreciated in the art, estrogen or an estrogen hormone analogue can be

used in together with a single-chain chimeric polypeptide, a single-chain chimeric antigen
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receptor, or a multi-chain chimeric antigen receptor that includes an estrogen receptor

ligand binding domain.

Compositions and Kits

Also provided herein are compositions (e.g., pharmaceutical compositions) that
include any of the nucleic acids, vectors, sets of nucleic acids, sets of vectors, or
mammalian cells described herein. For example, provided herein is a composition that
includes any of the nucleic acids or sets of nucleic acids described herein, or any of the
vectors or sets of vectors provided herein and a pharmaceutically acceptable solvent or
carrier.

In some embodiments, a composition can be any of the mammalian cells
described herein (e.g., any of the mammalian cells described herein previously obtained
from a subject, e.g., a subject identified or diagnosed as having a cancer) comprising a
nucleic acid encoding any of the single-chain chimeric polypeptides, single-chain
chimeric antigen receptors, or multi-chain chimeric antigen receptors described herein.
In a composition including any of the mammalian cells described herein, the composition
can further include a cell culture medium or a pharmaceutically acceptable buffer (e.g.,
phosphate-buffered saline). A composition that includes any of the mammalian cells
described herein can be formulated for intravenous or intraarterial administration.

Also provided are kits that include one or more of any of the compositions
described herein. For example, a kit can include any of the compositions described
herein and one or more doses of a hormone or hormone analogue formulated for
administration to a subject (e.g., formulated for oral, intravenous, intramuscular, or
subcutaneous administration). In some embodiments, a kit can further include

instructions for performing any of the methods described herein.

Methods of Inducing the Membrane Localization of a Single-Chain Chimeric
Polypeptide, a Single-Chain Chimeric Antigen Receptor, or a Multi-Chain Chimeric
Polypeptide in a Mammalian Cell

Also provided herein are methods of inducing the membrane localization of a
single-chain chimeric polypeptide (e.g., any of the single-chain chimeric polypeptides

described herein), a single-chain chimeric antigen receptor (e.g., any of the single-chain
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chimeric antigen receptors described herein), or a multi-chain chimeric antigen receptor
(e.g., any of the multi-chain chimeric antigen receptors described herein) in a mammalian
cell (e.g., any of the mammalian cells described herein) that include: contacting a
mammalian cell expressing a single-chain chimeric polypeptide (e.g., any of the single-
chain chimeric polypeptides described herein), a single-chain chimeric antigen receptor
(e.g., any of the single-chain chimeric antigen receptors described herein), or a multi-
chain chimeric antigen receptor (e.g., any of the multi-chain chimeric antigen receptors
described herein) with an amount of a hormone or a hormone analogue sufficient to
induce localization of the single-chain chimeric polypeptide, the single-chain chimeric
antigen-binding receptor, or the multi-chain chimeric antigen receptor to the extracellular
side of the plasma membrane of the cell, respectively.

Some embodiments of these methods further include introducing a nucleic acid
encoding the single-chain chimeric polypeptide, the single-chain chimeric antigen
receptor, or the multi-chain chimeric antigen receptor into a mammalian cell (e.g., any of
the mammalian cells described herein or known in the art) to generate the mammalian
cell expressing the single-chain chimeric polypeptide, the single-chain chimeric antigen
receptor, or the multi-chain chimeric antigen receptor, respectively. In some examples of
these methods, the mammalian cell is a T cell (e.g., a CD8+ T cell, a CD4+ T cell, a
memory T cell, a Treg cell, and a natural killer T cell). In some examples, the
mammalian cell (e.g., any of the mammalian cells described herein) is a mammalian cell
previously obtained from a subject (e.g., a subject that has been identified or diagnosed as
having a cancer, e.g., any of the cancers described herein). Some embodiments of these
methods further include obtaining the mammalian cell from the subject.

In some embodiments of any of these methods, the contacting step is performed in
vitro. In some embodiments of any of these methods, the contacting step is performed in
a mammal (e.g., a mammal, e.g., a human, having a cancer, e.g., any of the cancers
described herein). In some embodiments, the contacting step results in the treatment of
the cancer in a mammal (e.g., a human).

Non-limiting examples of cancer that can be treated using any of the methods
provided herein include: acute lymphoblastic leukemia, acute myeloid leukemia,

adrenocortical carcinoma, Kaposi sarcoma, lymphoma, anal cancer, appendix cancer,
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teratoid/rhabdoid tumor, basal cell carcinoma, bile duct cancer, bladder cancer, bone
cancer, brain cancer, breast cancer, bronchial tumor, carcinoid tumor, cardiac tumor,
cervical cancer, chordoma, chronic lymphocytic leukemia, chronic myeloproliferative
neoplasm, colon cancer, colorectal cancer, craniopharyngioma, bile duct cancer,
endometrial cancer, ependymoma, esophageal cancer, esthesioneuroblastoma, Ewing
sarcoma, eye cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
gastrointestinal carcinoid tumor, gastrointestinal stromal tumor, germ cell tumor, hairy
cell leukemia, head and neck cancer, heart cancer, liver cancer, hypopharngeal cancer,
pancreatic cancer, kidney cancer, laryngeal cancer, chronic myelogenous leukemia, lip
and oral cavity cancer, lung cancer, melanoma, Merkel cell carcinoma, mesothelioma,
mouth cancer, oral cancer, osteosarcoma, ovarian cancer, penile cancer, pharyngeal
cancer, prostate cancer, rectal cancer, salivary gland cancer, skin cancer, small intestine
cancer, soft tissue sarcoma, gastric cancer, testicular cancer, throat cancer, thyroid cancer,
urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

In some embodiments of any of these methods, the methods result in a decrease in
the tumor burden (e.g., tumor mass and/or volume) in a subject. For example, any of the
methods described herein can result in at least about 1% to about 99% (e.g., about 1% to
about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%, about
84%, about 82%, about 80%, about 78%, about 76%, about 74%, about 72%, about 70%,
about 65%, about 60%, about 55%, about 50%, about 45%, about 40%, about 35%, about
30%, about 25%, about 20%, about 15%, about 10%, or about 5% (inclusive); about 2%
to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about 88%,
about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about 74%, about
72%, about 70%, about 65%, about 60%, about 55%, about 50%, about 45%, about 40%,
about 35%, about 30%, about 25%, about 20%, about 15%, about 10%, or about 5%
(inclusive); about 3% to about 99%, about 98%, about 96%, about 94%, about 92%,
about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about
76%, about 74%, about 72%, about 70%, about 65%, about 60%, about 55%, about 50%,
about 45%, about 40%, about 35%, about 30%, about 25%, about 20%, about 15%, about
10%, or about 5% (inclusive); about 5% to about 99%, about 98%, about 96%, about
94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about 80%,
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about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about 60%, about
55%, about 50%, about 45%, about 40%, about 35%, about 30%, about 25%, about 20%,
about 15%, or about 10% (inclusive); about 10% to about 99%, about 98%, about 96%,
about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about
80%, about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about 60%,
about 55%, about 50%, about 45%, about 40%, about 35%, about 30%, about 25%, about
20%, or about 15% (inclusive); about 15% to about 99%, about 98%, about 96%, about
94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about 80%,
about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about 60%, about
55%, about 50%, about 45%, about 40%, about 35%, about 30%, about 25%, or about
20% (inclusive); about 20% to about 99%, about 98%, about 96%, about 94%, about
92%, about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about 78%,
about 76%, about 74%, about 72%, about 70%, about 65%, about 60%, about 55%, about
50%, about 45%, about 40%, about 35%, about 30%, or about 25% (inclusive); about
25% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about
88%, about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about 74%,
about 72%, about 70%, about 65%, about 60%, about 55%, about 50%, about 45%, about
40%, about 35%, or about 30% (inclusive); about 30% to about 99%, about 98%, about
96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%,
about 80%, about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about
60%, about 55%, about 50%, about 45%, about 40%, or about 35% (inclusive); about
35% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about
88%, about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about 74%,
about 72%, about 70%, about 65%, about 60%, about 55%, about 50%, about 45%, or
about 40% (inclusive); about 40% to about 99%, about 98%, about 96%, about 94%,
about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about
78%, about 76%, about 74%, about 72%, about 70%, about 65%, about 60%, about 55%,
about 50%, or about 45% (inclusive); about 45% to about 99%, about 98%, about 96%,
about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about
80%, about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about 60%,
about 55%, or about 50% (inclusive); about 50% to about 99%, about 98%, about 96%,
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about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about
80%, about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about 60%,
or about 55% (inclusive); about 55% to about 99%, about 98%, about 96%, about 94%,
about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about
78%, about 76%, about 74%, about 72%, about 70%, about 65%, or about 60%
(inclusive); about 60% to about 99%, about 98%, about 96%, about 94%, about 92%,
about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about
76%, about 74%, about 72%, about 70%, or about 65% (inclusive); about 65% to about
99%, about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%,
about 84%, about 82%, about 80%, about 78%, about 76%, about 74%, about 72%, or
about 70% (inclusive); about 70% to about 99%, about 98%, about 96%, about 94%,
about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about
78%, about 76%, about 74%, or about 72% (inclusive); about 72% to about 99%, about
98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%,
about 82%, about 80%, about 78%, about 76%, or about 74% (inclusive); about 74% to
about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about
86%, about 84%, about 82%, about 80%, about 78%, or about 76% (inclusive); about
76% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about
88%, about 86%, about 84%, about 82%, about 80%, or about 78% (inclusive); about
78% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about
88%, about 86%, about 84%, about 82%, or about 80% (inclusive); about 80% to about
99%., about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%,
about 84%, or about 82% (inclusive); about 82% to about 99%, about 98%, about 96%,
about 94%, about 92%, about 90%, about 88%, about 86%, or about 84% (inclusive);,
about 84% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%,
about 88%, or about 86% (inclusive); about 86% to about 99%, about 98%, about 96%,
about 94%, about 92%, about 90%, or about 88% (inclusive); about 88% to about 99%,
about 98%, about 96%, about 94%, about 92%, or about 90% (inclusive); about 90% to
about 99%, about 98%, about 96%, about 94%, or about 92% (inclusive); about 92% to
about 99%, about 98%, about 96%, or about 94% (inclusive); about 94% to about 99%,
about 98%, or about 96% (inclusive); or about 96% to about 99% or about 98%
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(inclusive)) reduction in the tumor burden in a subject (e.g., as compared to the tumor
burden in the subject prior to treatment).

In some embodiments, the methods result in a decrease in the rate of progression
of a cancer in the subject. For example, any of the methods described herein can result in
at least about 1% to about 99% (e.g., about 1% to about 98%, about 96%, about 94%,
about 92%, about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about
78%, about 76%, about 74%, about 72%, about 70%, about 65%, about 60%, about 55%,
about 50%, about 45%, about 40%, about 35%, about 30%, about 25%, about 20%, about
15%, about 10%, or about 5% (inclusive); about 2% to about 99%, about 98%, about
96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%,
about 80%, about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about
60%, about 55%, about 50%, about 45%, about 40%, about 35%, about 30%, about 25%,
about 20%, about 15%, about 10%, or about 5% (inclusive); about 3% to about 99%,
about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%, about
84%, about 82%, about 80%, about 78%, about 76%, about 74%, about 72%, about 70%,
about 65%, about 60%, about 55%, about 50%, about 45%, about 40%, about 35%, about
30%, about 25%, about 20%, about 15%, about 10%, or about 5% (inclusive); about 5%
to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about 88%,
about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about 74%, about
72%, about 70%, about 65%, about 60%, about 55%, about 50%, about 45%, about 40%,
about 35%, about 30%, about 25%, about 20%, about 15%, or about 10% (inclusive);
about 10% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%,
about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about
74%, about 72%, about 70%, about 65%, about 60%, about 55%, about 50%, about 45%,
about 40%, about 35%, about 30%, about 25%, about 20%, or about 15% (inclusive);
about 15% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%,
about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about
74%, about 72%, about 70%, about 65%, about 60%, about 55%, about 50%, about 45%,
about 40%, about 35%, about 30%, about 25%, or about 20% (inclusive); about 20% to
about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about
86%, about 84%, about 82%, about 80%, about 78%, about 76%, about 74%, about 72%,
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about 70%, about 65%, about 60%, about 55%, about 50%, about 45%, about 40%, about
35%, about 30%, or about 25% (inclusive); about 25% to about 99%, about 98%, about
96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%,
about 80%, about 78%, about 76%, about 74%, about 72%, about 70%, about 65%, about
60%, about 55%, about 50%, about 45%, about 40%, about 35%, or about 30%
(inclusive); about 30% to about 99%, about 98%, about 96%, about 94%, about 92%,
about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about
76%, about 74%, about 72%, about 70%, about 65%, about 60%, about 55%, about 50%,
about 45%, about 40%, or about 35% (inclusive); about 35% to about 99%, about 98%,
about 96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about
82%, about 80%, about 78%, about 76%, about 74%, about 72%, about 70%, about 65%,
about 60%, about 55%, about 50%, about 45%, or about 40% (inclusive); about 40% to
about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about
86%, about 84%, about 82%, about 80%, about 78%, about 76%, about 74%, about 72%,
about 70%, about 65%, about 60%, about 55%, about 50%, or about 45% (inclusive);,
about 45% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%,
about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about
74%, about 72%, about 70%, about 65%, about 60%, about 55%, or about 50%
(inclusive); about 50% to about 99%, about 98%, about 96%, about 94%, about 92%,
about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about
76%, about 74%, about 72%, about 70%, about 65%, about 60%, or about 55%
(inclusive); about 55% to about 99%, about 98%, about 96%, about 94%, about 92%,
about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about
76%, about 74%, about 72%, about 70%, about 65%, or about 60% (inclusive); about
60% to about 99%, about 98%, about 96%, about 94%, about 92%, about 90%, about
88%, about 86%, about 84%, about 82%, about 80%, about 78%, about 76%, about 74%,
about 72%, about 70%, or about 65% (inclusive); about 65% to about 99%, about 98%,
about 96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about
82%, about 80%, about 78%, about 76%, about 74%, about 72%, or about 70%
(inclusive); about 70% to about 99%, about 98%, about 96%, about 94%, about 92%,
about 90%, about 88%, about 86%, about 84%, about 82%, about 80%, about 78%, about
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76%, about 74%, or about 72% (inclusive); about 72% to about 99%, about 98%, about
96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, about 82%,
about 80%, about 78%, about 76%, or about 74% (inclusive); about 74% to about 99%,
about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%, about
84%, about 82%, about 80%, about 78%, or about 76% (inclusive); about 76% to about
99%., about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%,
about 84%, about 82%, about 80%, or about 78% (inclusive); about 78% to about 99%,
about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, about 86%, about
84%, about 82%, or about 80% (inclusive); about 80% to about 99%, about 98%, about
96%, about 94%, about 92%, about 90%, about 88%, about 86%, about 84%, or about
82% (inclusive); about 82% to about 99%, about 98%, about 96%, about 94%, about
92%, about 90%, about 88%, about 86%, or about 84% (inclusive); about 84% to about
99%, about 98%, about 96%, about 94%, about 92%, about 90%, about 88%, or about
86% (inclusive); about 86% to about 99%, about 98%, about 96%, about 94%, about
92%, about 90%, or about 88% (inclusive); about 88% to about 99%, about 98%, about
96%, about 94%, about 92%, or about 90% (inclusive); about 90% to about 99%, about
98%, about 96%, about 94%, or about 92% (inclusive); about 92% to about 99%, about
98%, about 96%, or about 94% (inclusive); about 94% to about 99%, about 98%, or
about 96% (inclusive); or about 96% to about 99% or about 98% (inclusive)) reduction in
the rate of progression of a cancer in a subject (e.g., as compared to the rate of
progression of a cancer in the subject prior to treatment or in a control subject or a control
population of subjects having the same cancer and administered no treatment or a
different treatment).

In some embodiments of any of these methods, the methods result in an increase
in the time of survival of a cancer in a subject. For example, any of the methods
described herein can result in an about 1% to about 800% (e.g., about 1% to about 750%,
about 700%, about 650%, about 600%, about 550%, about 500%, about 450%, about
400%, about 350%, about 300%, about 250%, about 200%, about 150%, about 100%,
about 80%, about 60%, about 40%, about 20%, about 10%, or about 5% (inclusive);
about 5% to about 800%, about 750%, about 700%, about 650%, about 600%, about
550%, about 500%, about 450%, about 400%, about 350%, about 300%, about 250%,
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about 200%, about 150%, about 100%, about 80%, about 60%, about 40%, about 20%, or
about 10% (inclusive); about 10% to about 800%, about 750%, about 700%, about 650%,
about 600%, about 550%, about 500%, about 450%, about 400%, about 350%, about
300%, about 250%, about 200%, about 150%, about 100%, about 80%, about 60%, about
40%, or about 20% (inclusive); about 20% to about 800%, about 750%, about 700%,
about 650%, about 600%, about 550%, about 500%, about 450%, about 400%, about
350%, about 300%, about 250%, about 200%, about 150%, about 100%, about 80%,
about 60%, or about 40% (inclusive); about 40% to about 800%, about 750%, about
700%, about 650%, about 600%, about 550%, about 500%, about 450%, about 400%,
about 350%, about 300%, about 250%, about 200%, about 150%, about 100%, about
80%, or about 60% (inclusive); about 60% to about 800%, about 750%, about 700%,
about 650%, about 600%, about 550%, about 500%, about 450%, about 400%, about
350%, about 300%, about 250%, about 200%, about 150%, about 100%, about 80%
(inclusive); about 80% to about 800%, about 750%, about 700%, about 650%, about
600%, about 550%, about 500%, about 450%, about 400%, about 350%, about 300%,
about 250%, about 200%, about 150%, or about 100% (inclusive); about 100% to about
800%, about 750%, about 700%, about 650%, about 600%, about 550%, about 500%,
about 450%, about 400%, about 350%, about 300%, about 250%, about 200%, or about
150% (inclusive); about 150% to about 800%, about 750%, about 700%, about 650%,
about 600%, about 550%, about 500%, about 450%, about 400%, about 350%, about
300%, about 250%, or about 200% (inclusive); about 200% to about 800%, about 750%,
about 700%, about 650%, about 600%, about 550%, about 500%, about 450%, about
400%, about 350%, about 300%, or about 250% (inclusive); about 250% to about 800%,
about 750%, about 700%, about 650%, about 600%, about 550%, about 500%, about
450%, about 400%, about 350%, or about 300% (inclusive); about 300% to about 800%,
about 750%, about 700%, about 650%, about 600%, about 550%, about 500%, about
450%, about 400%, or about 350% (inclusive); about 350% to about 800%, about 750%,
about 700%, about 650%, about 600%, about 550%, about 500%, about 450%, or about
400% (inclusive); about 400% to about 800%, about 750%, about 700%, about 650%,
about 600%, about 550%, about 500%, or about 450% (inclusive); about 450% to about
800%, about 750%, about 700%, about 650%, about 600%, about 550%, or about 500%
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(inclusive); about 500% to about 800%, about 750%, about 700%, about 650%, about
600%, or about 550% (inclusive); about 550% to about 800%, about 750%, about 700%,
about 650%, or about 600% (inclusive); about 600% to about 800%, about 750%, about
700%, or about 650% (inclusive); about 650% to about 800%, about 750%, or about
700% (inclusive); about 700% to about 800% or about 750% (inclusive); or about 750%
to about 800% (inclusive)) increase in the time of survival of a cancer in a subject (e.g.,
as compared to the time of survival for a control subject or a population of control

subjects having the same cancer and receiving no treatment or a different treatment).

Methods of Reversibly Altering the Membrane Localization of a Single-Chain
Chimeric Polypeptide, a Single-Chain Chimeric Antigen Receptor, or a Multi-Chain
Chimeric Polypeptide in a Mammalian Cell

Also provided herein are methods of reversibly altering the membrane
localization of a single-chain chimeric polypeptide (e.g., any of the single-chain
polypeptides described herein), a single-chain chimeric antigen receptor (e.g., any of the
single-chain chimeric antigen receptors described herein), or a multi-chain chimeric
antigen receptor (e.g., any of the multi-chain chimeric antigen receptors described herein)
in a mammalian cell that include: (a) contacting a mammalian cell (e.g., any of the
mammalian cells described herein) expressing a single-chain chimeric polypeptide (e.g.,
any of the single-chain poypeptides described herein), a single-chain chimeric antigen
receptor (e.g., any of the single-chain chimeric antigen receptors described herein), or a
multi-chain chimeric antigen receptor (e.g., any of the multi-chain chimeric antigen
receptors described herein) with an amount of a hormone or a hormone analogue
sufficient to induce localization of the single-chain chimeric polypeptide, the single-chain
chimeric antigen receptor, or the multi-chain chimeric antigen receptor to the
extracellular side of the plasma membrane of the cell, respectively; and (b) contacting the
mammalian cell with a reduced amount of the hormone or the hormone analogue that
results in a decreased level of the single-chain chimeric polypeptide, the single-chain
chimeric antigen receptor, or the multi-chain chimeric antigen receptor on the
extracellular side of the plasma membrane of the mammalian cell (e.g., as compared to

the level on the extracellular side of the plasma membrane in step (a)). In some
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embodiments, the decreased level in step (b) is at least a 5% decrease, at least a 10%
decrease, at least a 15% decrease, at least a 20% decrease, at least a 25% decrease, at
least a 30% decrease, at least a 35% decrease, at least a 40% decrease, at least a 45%
decrease, at least a 50% decrease, at least a 55% decrease, at least a 60% decrease, at
least a 65% decrease, at least a 70% decrease, at least a 75% decrease, at least a 80%
decrease, at least a 85% decrease, at least a 90% decrease, at least a 95% decrease, or at
least a 99% decrease in the level of the single-chain chimeric polypeptide, the single-
chain chimeric antigen receptor, or the multi-chain chimeric antigen receptor on the
extracellular side of the plasma membrane in step (a). In some embodiments, the
decreased level in step (b) is a 100% decrease in the level of the single-chain chimeric
polypeptide, the single-chain chimeric antigen receptor, or the multi-chain chimeric
antigen receptor on the extracellular side of the plasma membrane in step (a). In some
embodiments, the mammalian cell is not contacted with any hormone or hormone
analogue hormone in step (b). Some embodiments of these methods further include: (c)
contacting the mammalian cell (e.g., any of the mammalian cells described herein) with
an increased amount of the hormone or the hormone analogue that results in an increased
level of the single-chain chimeric polypeptide, the single-chain chimeric antigen receptor,
or the multi-chain chimeric antigen receptor on the extracellular side of the plasma
membrane of the cell as compared to the level of in step (b).

Some embodiments of any of these methods further include introducing a nucleic
acid encoding the single-chain chimeric polypeptide into a mammalian cell (e.g., any of
the mammalian cells described herein) to generate the mammalian cell expressing the
single-chain chimeric polypeptide, the single-chain chimeric antigen receptor, or the
multi-chain chimeric antigen receptor. In some embodiments of any of the methods
described herein, the mammalian cell is a T cell (e.g., a human T cell). In some
embodiments, the T cell (e.g., human T cell) is selected from the group of a CD8" T cell,
a CD4" T cell, a memory T cell, a Treg cell, and natural killer T cell. In some
embodiments, the mammalian cell is a mammalian cell previously obtained from a
subject (e.g., a human). In some examples, the subject (e.g., human) has been identified
or diagnosed as having a cancer (e.g., any of the types of cancer described herein). Some

embodiments further include obtaining the mammalian cell from the subject.

153



10

15

20

25

30

1002842719

In some embodiments of any of the methods described herein, the contacting step
is performed in vitro. In some embodiments, the contacting step is performed in a
mammal (e.g., in a subject). In some embodiments, the contacting step results in the
treatment of the cancer in a mammal (e.g., a human).

Non-limiting examples of cancer that can be treated using any of the methods
provided herein include: acute lymphoblastic leukemia, acute myeloid leukemia,
adrenocortical carcinoma, Kaposi sarcoma, lymphoma, anal cancer, appendix cancer,
teratoid/rhabdoid tumor, basal cell carcinoma, bile duct cancer, bladder cancer, bone
cancer, brain cancer, breast cancer, bronchial tumor, carcinoid tumor, cardiac tumor,
cervical cancer, chordoma, chronic lymphocytic leukemia, chronic myeloproliferative
neoplasm, colon cancer, colorectal cancer, craniopharyngioma, bile duct cancer,
endometrial cancer, ependymoma, esophageal cancer, esthesioneuroblastoma, Ewing
sarcoma, eye cancer, fallopian tube cancer, gallbladder cancer, gastric cancer,
gastrointestinal carcinoid tumor, gastrointestinal stromal tumor, germ cell tumor, hairy
cell leukemia, head and neck cancer, heart cancer, liver cancer, hypopharngeal cancer,
pancreatic cancer, kidney cancer, laryngeal cancer, chronic myelogenous leukemia, lip
and oral cavity cancer, lung cancer, melanoma, Merkel cell carcinoma, mesothelioma,
mouth cancer, oral cancer, osteosarcoma, ovarian cancer, penile cancer, pharyngeal
cancer, prostate cancer, rectal cancer, salivary gland cancer, skin cancer, small intestine
cancer, soft tissue sarcoma, gastric cancer, testicular cancer, throat cancer, thyroid cancer,

urethral cancer, uterine cancer, vaginal cancer, and vulvar cancer.

Methods of Controlling the Toxicity of a Single-Chain Chimeric Polypeptide, a
Single-Chain Chimeric Antigen Receptor, or a Multi-Chain Chimeric Polypeptide in
a Mammalian Cell by Reversibly Altering Membrane Localization of the Same

In some embodiments, compositions and/or methods disclosed herein can be used
to selectively kill cancer cells in a subject (e.g., a human) in the presence of a hormone or
a hormone analogue which binds to an LBD present in the polypeptide (e.g., a single-
chain chimeric polypeptide, a single-chain chimeric antigen receptor, or a multi-chain
chimeric antigen receptor). In some embodiments, in the presence of the hormone or

hormone analogue, the polypeptide (e.g., the single-chain chimeric polypeptide, the
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single-chain chimeric antigen receptor, or the multi-chain chimeric antigen receptor)
localizes to the extracellular surface of a mammalian cell, presenting its antigen binding
domain (e.g., an scFv or any other antigen binding domain described herein or known in
the art) on the exterior of the cell. The polypeptide can then recognize the antigen to
which it binds, and thus can selectively kill a target cell expressing the antigen on its
surface.

In some embodiments, localization of the polypeptide (e.g., the single-chain
chimeric polypeptide, the single-chain chimeric antigen receptor, or the multi-chain
chimeric antigen receptor) on the extracellular surface can cause toxicity in the subject.
Such toxicity can be caused by, for example, a cytokine storm (also referred to as
hypercytokinemia or cytokine release syndrome). In some embodiments, a subject
experiencing toxicity due hormone- or hormone analogue-induced localization of the
polypeptide to the extracellular surface can be treated by reducing the dose of the
hormone or hormone analogue administered to the subject, or eliminating hormone or
hormone analogue treatment altogether. Such reduction in dose or elimination of the
hormone or hormone analgue treatment can cause the polypeptide to be removed from
the cell surface and reduce or eliminate presentation of the antigen binding domain on the
cell surface, thus reducing or eliminating toxicity in the subject.

Exemplary symptoms of toxicity include, without limitation, high fever, swelling,
chills, hypotension, tachycardia, asthenia, headache, rash, scratchy throat, dyspnea,
redness, extreme fatigue, nausea, and cerebral edema (swelling in the brain). In some
embodiments, toxicity in a subject can be determined by assessing the presence or
severity of one or more of these symptoms in a subject following administration of one or
more doses of the hormone or hormone analogue to the subject. In some embodiments,
one or more of these or other symptoms associated with toxicity can be determined after
introducing into a subject a mammalian cell (e.g., a T cell) that includes a single-chain
chimeric polypeptide (e.g., any of the single-chain polypeptides described herein), a
single-chain chimeric antigen receptor (e.g., any of the single-chain chimeric antigen
receptors described herein), or a multi-chain chimeric antigen receptor (e.g., any of the
multi-chain chimeric antigen receptors described herein) having a LBD, and a hormone

or hormone analogue that binds the LBD. In some embodiments, the determined level of
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one or more of these or other symptoms associated with toxicity can be compared to a
baseline level that is associated with lack of a toxicity or a reduced level of toxicity.

Such a baseline level can be, for example, the level of one or more of these or other
symptoms in the subject prior to administration of the mammalian cell, the hormone or
hormone analogue, or both. Additionally or alternatively, such a baseline level can be the
level of one or more of these or other symptoms in a different subject that has not been
administered the mammalian cell, the hormone or hormone analogue, or both. Those of
ordinary skill in the art will be aware of suitable clinical and laboratory methods to
determine the level of one or more symptoms associated with toxicity.

In some embodiments, toxicity can be the result of a cytokine storm. Both pro-
inflammatory cytokines and anti-inflammatory cytokines are elevated in the serum of
subjects experiencing a cytokine storm. Non-limiting examples of cytokines that are
elevated in the serum of subjects experiencing a cytokine storm include tumor necrosis
factor-alpha, IFNy, IL-10, IL-1p, IL-2, IL-6, IL-8, and IL-10, granulocyte macrophage—
colony-stimulating factor (GM-CSF), and IL-5. In some embodiments, one or more of
these or other cytokines associated with a cytokine storm are determined after introducing
into a subject a mammalian cell (e.g., a T cell) that includes a single-chain chimeric
polypeptide (e.g., any of the single-chain polypeptides described herein), a single-chain
chimeric antigen receptor (e.g., any of the single-chain chimeric antigen receptors
described herein), or a multi-chain chimeric antigen receptor (e.g., any of the multi-chain
chimeric antigen receptors described herein) having a LBD, and a hormone or hormone
analogue that binds the LBD. In some embodiments, the determined level of one or more
of these or other cytokines associated with a cytokine storm can be compared to a
baseline level that is associated with lack of a cytokine storm or a reduced level of a
cytokine storm. Such a baseline level can be, for example, the level of one or more of
these or other cytokines in the subject prior to administration of the mammalian cell, the
hormone or hormone analogue, or both. Additionally or alternatively, such a baseline
level can be the level of one or more of these or other cytokines in a different subject that
has not been administered the mammalian cell, the hormone or hormone analogue, or
both. The level of a cytokine (e.g., the level of cytokine after administering to a subject

the mammalian cell and the hormone or hormone analogue and/or the baseline level of a
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cytokine), can be determined by any of a variety of methods and techniques, including,
without limitation, ELISAs, Western blots, antibody array panels, multiplex arrays,
Elispot assays, immunohistochemistry, or any of the variety of commercial assays
available to determine cytokine levels.

In some embodiments, methods of treating cancer (e.g., any of the variety of
cancers described herein) in a subject (e.g., a mammal, e.g., a human) are provided. In
some embodiments, methods of treating cancer include: (a) administering to a subject a
mammalian cell (e.g., a T cell) that includes a nucleic acid encoding a single-chain
chimeric polypeptide (e.g., any of the single-chain polypeptides described herein), a
single-chain chimeric antigen receptor (e.g., any of the single-chain chimeric antigen
receptors described herein), or a multi-chain chimeric antigen receptor (e.g., any of the
multi-chain chimeric antigen receptors described herein) having a hormone receptor
LBD, (b) administering to the subject a hormone or hormone analogue that binds the
LBD, (c¢) determining the level of one or more symptoms associated with toxicity and/or
the level of one or more cytokines associated with a cytokine storm, (d) comparing the
determined level of one or more symptoms associated with toxicity and/or the level of
one or more cytokines associated with a cytokine storm to a baseline level of the
symptom or cytokine, and (e) reducing the amount of the hormone or hormone analogue
administered to the subject, such that the determined level of one or more symptoms
associated with toxicity and/or the level of one or more cytokines associated with a
cytokine storm is reduced. In some embodiments the level of the hormone or hormone
analogue administered to the subject is reduced in step (e) by at least 5%, at least 10%, at
least 15%, at least 20%, at least 25%, at least 30%, at least 35%, at least 40%, at least
45%, at least 50%, at least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at
least 80%, at least 85%, at least 90%, at least 95%, or at least 99%. In some
embodiments, the level of the hormone or hormone analogue administered to the subject
is reduced in step (e) by 100% (e.g., no mammalian cell is administered to the subject in
step (¢)). In some embodiments, after administering the hormone or hormone analogue
in step (b), the single-chain chimeric polypeptide, the single-chain chimeric antigen
receptor, and/or the multi-chain chimeric antigen receptor localizes the extracellular

surface of the mammalian cell in a reversible manner. In some embodiments, after
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reducing the amount of the hormone or hormone analogue administered to the subject in
step (e), the single-chain chimeric polypeptide, the single-chain chimeric antigen
receptor, and/or the multi-chain chimeric antigen receptor is removed from the
extracellular surface, thus reducing the toxicity (e.g., one or more symptoms associated
with toxicity and/or one or more cytokines associated with a cytokine storm). In some
embodiments, after reducing the amount of the hormone or hormone analogue
administered to the subject in step (e), the toxicity (e.g., one or more symptoms
associated with toxicity and/or one or more cytokines associated with a cytokine storm) is
reduced by at least 5%, at least 10%, at least 15%, at least 20%, at least 25%, at least
30%, at least 35%, at least 40%, at least 45%, at least 50%, at least 55%, at least 60%, at
least 65%, at least 70%, at least 75%, at least 80%, at least 85%, at least 90%, at least
95%, or at least 99%. In some embodiments, after reducing the amount of the hormone
or hormone analogue administered to the subject in step (e), the toxicity (e.g., one or
more symptoms associated with toxicity and/or one or more cytokines associated with a
cytokine storm) is reduced by 100% (e.g., the subject experiences no toxicity, or only a
baseline level of toxicity). In some embodiments, after reducing the amount of the
hormone or hormone analogue administered to the subject in step (e), the toxicity (e.g.,
one or more symptoms associated with toxicity and/or one or more cytokines associated
with a cytokine storm) normalizes towards a baseline level of toxicity (e.g., a level that is
associated with lack of a cytokine storm or a reduced level of a cytokine storm). For
example, after reducing the amount of the hormone or hormone analogue administered to
the subject in step (e), the toxicity can normalize to a level that is less than 10-fold
higher, 9-fold higher, 8-fold higher, 7-fold higher, 6-fold higher, 5-fold higher, 4-fold
higher, 3-fold higher, 2-fold higher, or less than the baseline level of toxicity.

In some embodiments, a subject can be treated by administering to the subject a
mammalian cell (e.g., a T cell) that includes a single-chain chimeric polypeptide (e.g.,
any of the single-chain polypeptides described herein), a single-chain chimeric antigen
receptor (e.g., any of the single-chain chimeric antigen receptors described herein),
and/or a multi-chain chimeric antigen receptor (e.g., any of the multi-chain chimeric
antigen receptors described herein) having a LBD and a hormone or hormone analogue

that binds the LBD. The level of toxicity in the subject can be monitored, and toxicity
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can be reduced by any of the methods described herein, e.g., by reducing the level of the
hormone or hormone analogue. After toxicity has been reduced (e.g., to a baseline level,
or a level above the baseline level that is sufficiently low), the level of the hormone or
hormone analogue can be subsequently increased to increase the efficacy of treatment. In
some embodiments, the level of the hormone or hormone analogue is decreased and
subsequently increased multiple times to control toxicity while still providing an effective
course of treatment. In some embodiments, the level of the hormone is subsequently
increased to 100% of the level at which the hormone or hormone analogue was originally
administered. In some embodiments, the level of the hormone or hormone analogue is
subsequently increased to a level that is at least 5%, at least 10%, at least 15%, at least
20%, at least 25%, at least 30%, at least 35%, at least 40%, at least 45%, at least 50%, at
least 55%, at least 60%, at least 65%, at least 70%, at least 75%, at least 80%, at least
85%, at least 90%, at least 95%, or at least 99% of the level at which the hormone or
hormone analogue was originally administered. In some embodiments, the level of the
hormone or hormone analogue is subsequently increased to a level that is higher than the
level at which the hormone or hormone analogue was originally administered. For
example, the subsequently administered hormone or hormone analogue can be
administered at a level that is at least 100%, at least 110%, at least 120%, at least 130%,
at least 140%, at least 150%, at least 160%, at least 170%, at least 180%, at least 190%,
at least 200%, at least 300%, at least 400%, or at least 500% of the level at which the
hormone or hormone analogue was originally administered.

In some embodiments, toxicity arising after administering a first hormone or
hormone analogue to a subject can be reduced by administering a second hormone or
hormone analogue to the subject. For example, the second hormone or hormone
analogue can have a reduced affinity for the LBD present in the single-chain chimeric
polypeptide, the single-chain chimeric antigen receptor, and/or the multi-chain chimeric
antigen receptor, such that plasma membrane localization of the single-chain chimeric
polypeptide, the single-chain chimeric antigen receptor, and/or the multi-chain chimeric
antigen receptor is reduced as compared to the plasma membrane localization facilitated
by the first hormone or hormone analogue. In some embodiments, the second hormone

or hormone analogue can be less effective than the first hormone or hormone analogue at

159



10

15

20

25

30

1002842719

facilitating plasma membrane localization of the single-chain chimeric polypeptide, the
single-chain chimeric antigen receptor, and/or the multi-chain chimeric antigen receptor.
In some embodiments, the second hormone or hormone analogue competes with the first
hormone or hormone analogue for binding to the LBD.

In some embodiments, in addition to or as an alternative to reducing the level of
hormone or hormone analogue to reduce toxicity, toxicity can be further reduced by
administering a composition that inactivates or sequesters the hormone or hormone
analogue. For example, exogenous LBD can be administered to the subject (e.g., as a
pharmaceutically acceptable formulation) to sequester the hormone or hormone analogue
that was previously administered to the subject. As another example, a composition that
inactivates, degrades, or otherwise sequesters the administered hormone or hormone
analogue can be administered to the subject. A non-limiting example of such a
composition is an antibody or antibody fragment that binds the administered hormone or
hormone analogue and renders it unable to penetrate a cell membrane, renders it unable

to bind the LBD, or facilitates its degradation.

EXAMPLES
The invention is further described in the following examples, which do not limit

the scope of the invention described in the claims.

Example 1 — Generation of Constructs.

A canonical chimeric antigen receptor (““Canonical CAR”, Figure 1, left) was
modified to include the estrogen receptor alpha (“ERa”) ligand binding domain (“ERa-
LBD,” in green and indicated by arrows) at various locations within the protein. The
ERa-LBD was introduced at different positions in the CAR (Figure 1, right) to create
different versions of the ERa-LBD, denoted as: “v.2” (also denoted as “v2” or “V2”),
“v.3” (also denoted as “v3” or “V3”), and “v.4” (also denoted as “v4” or “V4”). An
mCherry fusion was also included to allow tracking of cells containing the engineered
protein. The nucleic acid and polypeptide sequences of v.2 (SEQ ID NOs: 30 and 31,
respectively), v.3 (SEQ ID NOs: 32 and 33, respectively), and v.4 (SEQ ID NOs: 34 and

35, respectively) are provided below.
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SEQ ID NO: 30
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCCCTGCTGCTGCATGC
CGCTAGACCTGAGCAGAAGCTGATCTCCGAAGAGGACCTGGACATCCAGATG
ACCCAGACCACCAGCAGCCTGAGCGCCAGCCTGGGCGATAGAGTGACCATCA
GCTGCAGAGCCAGCCAGGACATCAGCAAGTACCTGAACTGGTATCAGCAGA
AACCCGACGGCACCGTGAAGCTGCTGATCTACCACACCAGCAGACTGCACAG
CGGCGTGCCCAGCAGATTTTCTGGCAGCGGCTCCGGCACCGACTACAGCCTG
ACCATCTCCAACCTGGAACAGGAAGATATCGCTACCTACTTCTGTCAGCAAG
GCAACACCCTGCCCTACACCTTCGGCGGAGGCACCAAGCTGGAAATCACAGG
CGGCGGAGGATCTGGCGGAGGCGGAAGTGGCGGAGGGGGATCTGAAGTGAA
ACTGCAGGAAAGCGGCCCTGGCCTGGTGGCCCCATCTCAGTCTCTGAGCGTG
ACCTGTACCGTGTCCGGCGTGTCCCTGCCTGACTATGGCGTGTCCTGGATCAG
ACAGCCCCCCAGAAAGGGCCTGGAATGGCTGGGAGTGATCTGGGGCAGCGA
GACAACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATCATCAAGGAC
AACTCCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACA
CCGCCATCTACTACTGCGCCAAGCACTACTACTACGGCGGCAGCTACGCCAT
GGACTACTGGGGCCAGGGCACAAGCGTGACCGTGTCTAGCACAACCACCCCT
GCCCCTAGACCTCCAACCCCAGCCCCTACAATCGCCAGCCAGCCTCTGTCTCT
GAGGCCCGAGGCTTGTAGACCAGCTGCTGGCGGAGCCGTGCACACCAGAGG
ACTGGATTTCGCCTGCGACATCTACATCTGGGCCCCTCTGGCCGGCACATGTG
GCGTGCTGCTGCTGAGCCTCGTGATCACCCTGTACTGCGGATCCAAGCGGGG
CAGAAAGAAACTGCTGTACATCTTTAAGCAGCCCTTCATGCGGCCCGTGCAG
ACCACCCAGGAAGAGGACGGCTGCTCCTGCAGATTCCCCGAGGAAGAAGAA
GGCGGCTGCGAGCTGGGCAGCGGATCTGGCAGTGGAAGCGATAGAAGAGGC
GGCAGAATGCTGAAACACAAGCGGCAGAGGGACGACGGGGAAGGCAGAGG
CGAAGTGGGATCTGCCGGCGATATGAGAGCCGCCAACCTGTGGCCTAGCCCC
CTGATGATCAAGCGGAGCAAGAAGAACTCCCTGGCCCTGAGCCTGACCGCCG
ACCAGATGGTGTCTGCCCTGCTGGATGCCGAGCCCCCCATCCTGTACAGCGA
GTACGACCCCACCAGACCCTTCAGCGAGGCCAGCATGATGGGCCTGCTGACC
AACCTGGCCGACCGGGAACTGGTGCACATGATCAACTGGGCCAAGCGGGTGC
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CCGGCTTCGTGGATCTGACACTGCACGACCAGGTGCACCTGCTGGAATGCGC
TTGGCTGGAAATCCTGATGATCGGCCTCGTGTGGCGGAGCATGGAACACCCT
GGCAAGCTGCTGTTCGCCCCCAACCTGCTGCTGGACCGGAACCAGGGCAAAT
GCGTGGAAGGCATGGTGGAAATCTTCGACATGCTGCTGGCCACCTCCAGCCG
GTTCCGGATGATGAACCTGCAGGGCGAAGAGTTCGTGTGTCTGAAGTCCATC
ATCCTGCTGAATAGCGGCGTGTACACCTTCCTGAGCAGCACCCTGAAAAGCC
TGGAAGAAAAGGACCACATCCACCGGGTGCTGGACAAGATCACCGACACCC
TGATTCACCTGATGGCCAAGGCCGGACTGACCCTGCAGCAGCAGCATCAGAG
ACTGGCTCAGCTGCTGCTGATCCTGTCCCACATCCGGCACATGAGCAACAAG
CGGATGGAACATCTGTACAGCATGAAGTGCAAGAACGTGGTGCCTCTGTTCG
ATCTGCTGCTGGAAATGCTGGACGCCCACAGGCTGCACGCCCCAACATCCAG
ATCCGGATCTGGAAGTGGCTCCCTGAGAGTGAAGTTTAGCAGAAGCGCCGAC
GCCCCTGCCTATCAGCAGGGACAGAACCAGCTGTATAACGAGCTGAACCTGG
GCAGGCGGGAAGAGTACGACGTGCTGGATAAGAGGCGGGGCAGGGACCCTG
AAATGGGCGGCAAACCCAGACGGAAGAACCCCCAGGAAGGCCTGTACAACG
AACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGAATGAAGG
GCGAGCGGCGGAGAGGCAAGGGACATGATGGCCTGTACCAGGGCCTGTCCA
CCGCCACCAAGGACACCTATGACGCCCTGCACATGCAGGCCCTGCCTCCAAG
AGGAAGTGGATCTGGGAGCGGCTCTATGGTGTCTAAGGGGGAAGAGGACAA
CATGGCCATCATCAAAGAATTCATGCGGTTCAAGGTGCACATGGAAGGCTCC
GTGAATGGCCACGAATTCGAGATCGAGGGGGAGGGCGAGGGCAGACCTTAT
GAGGGAACCCAGACCGCCAAGCTGAAAGTGACCAAGGGCGGACCCCTGCCT
TTCGCCTGGGATATCCTGTCTCCCCAGTTTATGTACGGCAGCAAGGCCTACGT
GAAGCACCCCGCCGACATCCCCGACTACCTGAAGCTGAGCTTCCCTGAGGGC
TTCAAGTGGGAGAGAGTGATGAATTTCGAGGACGGCGGAGTCGTGACAGTGA
CCCAGGATAGCTCTCTGCAGGACGGCGAGTTCATCTACAAAGTGAAGCTGCG
GGGCACCAACTTCCCCAGCGACGGACCCGTGATGCAGAAAAAGACCATGGG
CTGGGAGGCCAGCTCCGAGAGAATGTACCCAGAGGACGGGGCCCTGAAGGG
GGAGATCAAGCAGCGGCTGAAACTGAAGGATGGCGGCCACTACGACGCAGA
AGTGAAAACCACCTACAAGGCCAAGAAACCTGTGCAGCTGCCTGGCGCCTAC
AATGTGAACATCAAGCTGGACATTACCAGCCACAACGAGGACTACACCATCG
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TGGAACAGTACGAGCGGGCCGAGGGCAGGCATTCTACAGGCGGAATGGATG
AACTGTATAAGTGCGTGACCGACTAG

SEQ ID NO: 31
MALPVTALLLPLALLLHAARPEQKLISEEDLDIQMTQTTSSLSASLGDRVTISCRA
SQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQE
DIATYFCQQGNTLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVA
PSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLT
INKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSST
TTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCG
VLLLSLVITLYCGSKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL
GSGSGSGSDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMIKRS
KKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELV
HMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPGKLLFAPNL
LLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLNSGVYTFLS
STLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLILSHIRHMSN
KRMEHLYSMKCKNVVPLFDLLLEMLDAHRLHAPTSRSGSGSGSLRVKFSRSADA
PAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNEL
QKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGS
GSGSGSMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQT
AKLKVTKGGPLPFAWDILSPQFMYGSKAY VKHPADIPDYLKLSFPEGFKWERVM
NFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERM
YPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSH
NEDYTIVEQYERAEGRHSTGGMDELYKCVTD

SEQ ID NO: 32

ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCCCTGCTGCTGCATGC
CGCTAGACCTGAGCAGAAGCTGATCTCCGAAGAGGACCTGGACATCCAGATG
ACCCAGACCACCAGCAGCCTGAGCGCCAGCCTGGGCGATAGAGTGACCATCA
GCTGCAGAGCCAGCCAGGACATCAGCAAGTACCTGAACTGGTATCAGCAGAA
ACCCGACGGCACCGTGAAGCTGCTGATCTACCACACCAGCAGACTGCACAGC
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GGCGTGCCCAGCAGATTTTCTGGCAGCGGCTCCGGCACCGACTACAGCCTGA
CCATCTCCAACCTGGAACAGGAAGATATCGCTACCTACTTCTGTCAGCAAGGC
AACACCCTGCCCTACACCTTCGGCGGAGGCACCAAGCTGGAAATCACAGGCG
GCGGAGGATCTGGCGGAGGCGGAAGTGGCGGAGGGGGATCTGAAGTGAAAC
TGCAGGAAAGCGGCCCTGGCCTGGTGGCCCCATCTCAGTCTCTGAGCGTGAC
CTGTACCGTGTCCGGCGTGTCCCTGCCTGACTATGGCGTGTCCTGGATCAGAC
AGCCCCCCAGAAAGGGCCTGGAATGGCTGGGAGTGATCTGGGGCAGCGAGAC
AACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATCATCAAGGACAACT
CCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACACCGC
CATCTACTACTGCGCCAAGCACTACTACTACGGCGGCAGCTACGCCATGGACT
ACTGGGGCCAGGGCACAAGCGTGACCGTGTCTAGCACAACCACCCCTGCCCC
TAGACCTCCAACCCCAGCCCCTACAATCGCCAGCCAGCCTCTGTCTCTGAGGC
CCGAGGCTTGTAGACCAGCTGCTGGCGGAGCCGTGCACACCAGAGGACTGGA
TTTCGCCTGCGACATCTACATCTGGGCCCCTCTGGCCGGCACATGTGGCGTGCT
GCTGCTGAGCCTCGTGATCACCCTGTACTGCGGATCCAAGCGGGGCAGAAAG
AAACTGCTGTACATCTTTAAGCAGCCCTTCATGCGGCCCGTGCAGACCACCCA
GGAAGAGGACGGCTGCTCCTGCAGATTCCCCGAGGAAGAAGAAGGCGGCTG
CGAGCTGAGATCCGGATCTGGAAGTGGCTCCCTGAGAGTGAAGTTTAGCAGA
AGCGCCGACGCCCCTGCCTATCAGCAGGGACAGAACCAGCTGTATAACGAGC
TGAACCTGGGCAGGCGGGAAGAGTACGACGTGCTGGATAAGAGGCGGGGCA
GGGACCCTGAAATGGGCGGCAAACCCAGACGGAAGAACCCCCAGGAAGGCC
TGTACAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGG
AATGAAGGGCGAGCGGCGGAGAGGCAAGGGACATGATGGCCTGTACCAGGG
CCTGTCCACCGCCACCAAGGACACCTATGACGCCCTGCACATGCAGGCCCTGC
CTCCAAGAGGCAGCGGATCTGGCAGTGGAAGCGATAGAAGAGGCGGCAGAAT
GCTGAAACACAAGCGGCAGAGGGACGACGGGGAAGGCAGAGGCGAAGTGG
GATCTGCCGGCGATATGAGAGCCGCCAACCTGTGGCCTAGCCCCCTGATGATC
AAGCGGAGCAAGAAGAACTCCCTGGCCCTGAGCCTGACCGCCGACCAGATGG
TGTCTGCCCTGCTGGATGCCGAGCCCCCCATCCTGTACAGCGAGTACGACCCC
ACCAGACCCTTCAGCGAGGCCAGCATGATGGGCCTGCTGACCAACCTGGCCG
ACCGGGAACTGGTGCACATGATCAACTGGGCCAAGCGGGTGCCCGGCTTCGT
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GGATCTGACACTGCACGACCAGGTGCACCTGCTGGAATGCGCTTGGCTGGAA
ATCCTGATGATCGGCCTCGTGTGGCGGAGCATGGAACACCCTGGCAAGCTGCT
GTTCGCCCCCAACCTGCTGCTGGACCGGAACCAGGGCAAATGCGTGGAAGGC
ATGGTGGAAATCTTCGACATGCTGCTGGCCACCTCCAGCCGGTTCCGGATGAT
GAACCTGCAGGGCGAAGAGTTCGTGTGTCTGAAGTCCATCATCCTGCTGAATA
GCGGCGTGTACACCTTCCTGAGCAGCACCCTGAAAAGCCTGGAAGAAAAGGA
CCACATCCACCGGGTGCTGGACAAGATCACCGACACCCTGATTCACCTGATGG
CCAAGGCCGGACTGACCCTGCAGCAGCAGCATCAGAGACTGGCTCAGCTGCT
GCTGATCCTGTCCCACATCCGGCACATGAGCAACAAGCGGATGGAACATCTGT
ACAGCATGAAGTGCAAGAACGTGGTGCCTCTGTTCGATCTGCTGCTGGAAATG
CTGGACGCCCACAGGCTGCACGCCCCAACATCCGGATCTGGCTCTGGAAGCG
GCAGCATGGTGTCTAAGGGGGAAGAGGACAACATGGCCATCATCAAAGAATT
CATGCGGTTCAAGGTGCACATGGAAGGCTCCGTGAATGGCCACGAATTCGAGA
TCGAGGGGGAGGGCGAGGGCAGACCTTATGAGGGAACCCAGACCGCCAAGC
TGAAAGTGACCAAGGGCGGACCCCTGCCTTTCGCCTGGGATATCCTGTCTCCC
CAGTTTATGTACGGCAGCAAGGCCTACGTGAAGCACCCCGCCGACATCCCCGA
CTACCTGAAGCTGAGCTTCCCTGAGGGCTTCAAGTGGGAGAGAGTGATGAATT
TCGAGGACGGCGGAGTCGTGACAGTGACCCAGGATAGCTCTCTGCAGGACGG
CGAGTTCATCTACAAAGTGAAGCTGCGGGGCACCAACTTCCCCAGCGACGGA
CCCGTGATGCAGAAAAAGACCATGGGCTGGGAGGCCAGCTCCGAGAGAATGT
ACCCAGAGGACGGGGCCCTGAAGGGGGAGATCAAGCAGCGGCTGAAACTGA
AGGATGGCGGCCACTACGACGCAGAAGTGAAAACCACCTACAAGGCCAAGA
AACCTGTGCAGCTGCCTGGCGCCTACAATGTGAACATCAAGCTGGACATTACC
AGCCACAACGAGGACTACACCATCGTGGAACAGTACGAGCGGGCCGAGGGC
AGGCATTCTACAGGCGGAATGGATGAACTGTATAAGTGCGTGACCGACTAG

SEQ ID NO: 33

MALPVTALLLPLALLLHAARPEQKLISEEDLDIQMTQTTSSLSASLGDRVTISCRA
SQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQE
DIATYFCQQGNTLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAP
SQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTII
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KDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSSTTT
PAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLL
LSLVITLY CGSKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRSG
SGSGSLRVKFSRSADAPAY QQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGG
KPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPRGSGSGSGSDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAA
NLWPSPLMIKRSKKNSLALSITADQMVSALLDAEPPILYSEYDPTRPFSEASMMG
LLTNLADRELVHMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEH
PGKLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIIL
LNSGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLL
LILSHIRHMSNKRMEHLYSMKCKNVVPLFDLLLEMLDAHRLHAPTSGSGSGSGS
MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVT
KGGPLPFAWDILSPQFMY GSKAY VKHPADIPDY LKLSFPEGFKWERVMNFEDGG
VVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGA
LKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTI
VEQYERAEGRHSTGGMDELYKCVTD

SEQ ID NO: 34
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCCCTGCTGCTGCATGC
CGCTAGACCTGAGCAGAAGCTGATCTCCGAAGAGGACCTGGACATCCAGATG
ACCCAGACCACCAGCAGCCTGAGCGCCAGCCTGGGCGATAGAGTGACCATCA
GCTGCAGAGCCAGCCAGGACATCAGCAAGTACCTGAACTGGTATCAGCAGAA
ACCCGACGGCACCGTGAAGCTGCTGATCTACCACACCAGCAGACTGCACAGC
GGCGTGCCCAGCAGATTTTCTGGCAGCGGCTCCGGCACCGACTACAGCCTGA
CCATCTCCAACCTGGAACAGGAAGATATCGCTACCTACTTCTGTCAGCAAGGC
AACACCCTGCCCTACACCTTCGGCGGAGGCACCAAGCTGGAAATCACAGGCG
GCGGAGGATCTGGCGGAGGCGGAAGTGGCGGAGGGGGATCTGAAGTGAAAC
TGCAGGAAAGCGGCCCTGGCCTGGTGGCCCCATCTCAGTCTCTGAGCGTGAC
CTGTACCGTGTCCGGCGTGTCCCTGCCTGACTATGGCGTGTCCTGGATCAGAC
AGCCCCCCAGAAAGGGCCTGGAATGGCTGGGAGTGATCTGGGGCAGCGAGAC
AACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATCATCAAGGACAACT
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CCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACACCGC
CATCTACTACTGCGCCAAGCACTACTACTACGGCGGCAGCTACGCCATGGACT
ACTGGGGCCAGGGCACAAGCGTGACCGTGTCTAGCACAACCACCCCTGCCCC
TAGACCTCCAACCCCAGCCCCTACAATCGCCAGCCAGCCTCTGTCTCTGAGGC
CCGAGGCTTGTAGACCAGCTGCTGGCGGAGCCGTGCACACCAGAGGACTGGA
TTTCGCCTGCGACATCTACATCTGGGCCCCTCTGGCCGGCACATGTGGCGTGCT
GCTGCTGAGCCTCGTGATCACCCTGTACTGCGGATCCGGCAGCGGATCTGGCA
GTGGAAGCGATAGAAGAGGCGGCAGAATGCTGAAACACAAGCGGCAGAGGG
ACGACGGGGAAGGCAGAGGCGAAGTGGGATCTGCCGGCGATATGAGAGCCGC
CAACCTGTGGCCTAGCCCCCTGATGATCAAGCGGAGCAAGAAGAACTCCCTG
GCCCTGAGCCTGACCGCCGACCAGATGGTGTCTGCCCTGCTGGATGCCGAGCC
CCCCATCCTGTACAGCGAGTACGACCCCACCAGACCCTTCAGCGAGGCCAGCA
TGATGGGCCTGCTGACCAACCTGGCCGACCGGGAACTGGTGCACATGATCAA
CTGGGCCAAGCGGGTGCCCGGCTTCGTGGATCTGACACTGCACGACCAGGTG
CACCTGCTGGAATGCGCTTGGCTGGAAATCCTGATGATCGGCCTCGTGTGGCG
GAGCATGGAACACCCTGGCAAGCTGCTGTTCGCCCCCAACCTGCTGCTGGAC
CGGAACCAGGGCAAATGCGTGGAAGGCATGGTGGAAATCTTCGACATGCTGC
TGGCCACCTCCAGCCGGTTCCGGATGATGAACCTGCAGGGCGAAGAGTTCGT
GTGTCTGAAGTCCATCATCCTGCTGAATAGCGGCGTGTACACCTTCCTGAGCA
GCACCCTGAAAAGCCTGGAAGAAAAGGACCACATCCACCGGGTGCTGGACA
AGATCACCGACACCCTGATTCACCTGATGGCCAAGGCCGGACTGACCCTGCA
GCAGCAGCATCAGAGACTGGCTCAGCTGCTGCTGATCCTGTCCCACATCCGGC
ACATGAGCAACAAGCGGATGGAACATCTGTACAGCATGAAGTGCAAGAACGT
GGTGCCTCTGTTCGATCTGCTGCTGGAAATGCTGGACGCCCACAGGCTGCACG
CCCCAACATCCGGATCTGGCTCTGGAAGCGGCAGCAAGCGGGGCAGAAAGAA
ACTGCTGTACATCTTTAAGCAGCCCTTCATGCGGCCCGTGCAGACCACCCAGG
AAGAGGACGGCTGCTCCTGCAGATTCCCCGAGGAAGAAGAAGGCGGCTGCG
AGCTGAGATCCGGATCTGGAAGTGGCTCCCTGAGAGTGAAGTTTAGCAGAAG
CGCCGACGCCCCTGCCTATCAGCAGGGACAGAACCAGCTGTATAACGAGCTG
AACCTGGGCAGGCGGGAAGAGTACGACGTGCTGGATAAGAGGCGGGGCAGG
GACCCTGAAATGGGCGGCAAACCCAGACGGAAGAACCCCCAGGAAGGCCTG
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TACAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACAGCGAGATCGGAA
TGAAGGGCGAGCGGCGGAGAGGCAAGGGACATGATGGCCTGTACCAGGGCCT
GTCCACCGCCACCAAGGACACCTATGACGCCCTGCACATGCAGGCCCTGCCTC
CAAGAGGAAGTGGATCTGGGAGCGGCTCTATGGTGTCTAAGGGGGAAGAGGA
CAACATGGCCATCATCAAAGAATTCATGCGGTTCAAGGTGCACATGGAAGGCT
CCGTGAATGGCCACGAATTCGAGATCGAGGGGGAGGGCGAGGGCAGACCTTA
TGAGGGAACCCAGACCGCCAAGCTGAAAGTGACCAAGGGCGGACCCCTGCC
TTTCGCCTGGGATATCCTGTCTCCCCAGTTTATGTACGGCAGCAAGGCCTACGT
GAAGCACCCCGCCGACATCCCCGACTACCTGAAGCTGAGCTTCCCTGAGGGC
TTCAAGTGGGAGAGAGTGATGAATTTCGAGGACGGCGGAGTCGTGACAGTGA
CCCAGGATAGCTCTCTGCAGGACGGCGAGTTCATCTACAAAGTGAAGCTGCG
GGGCACCAACTTCCCCAGCGACGGACCCGTGATGCAGAAAAAGACCATGGGC
TGGGAGGCCAGCTCCGAGAGAATGTACCCAGAGGACGGGGCCCTGAAGGGG
GAGATCAAGCAGCGGCTGAAACTGAAGGATGGCGGCCACTACGACGCAGAA
GTGAAAACCACCTACAAGGCCAAGAAACCTGTGCAGCTGCCTGGCGCCTACA
ATGTGAACATCAAGCTGGACATTACCAGCCACAACGAGGACTACACCATCGTG
GAACAGTACGAGCGGGCCGAGGGCAGGCATTCTACAGGCGGAATGGATGAAC
TGTATAAGTGCGTGACCGACTA

SEQ ID NO: 35
MALPVTALLLPLALLLHAARPEQKLISEEDLDIQMTQTTSSLSASLGDRVTISCRA
SQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQE
DIATYFCQQGNTLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAP
SQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTII
KDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSSTTT
PAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLL
LSLVITLYCGSGSGSGSGSDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANL
WPSPLMIKRSKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLT
NLADRELVHMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPG
KLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLN
SGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLIL
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SHIRHMSNKRMEHLY SMKCKNVVPLFDLLLEMLDAHRLHAPTSGSGSGSGSKRG
RKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRSGSGSGSLRVKFSRSA
DAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNE
LQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGS
GSGSGSMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQT
AKLKVTKGGPLPFAWDILSPQFMYGSKAY VKHPADIPDYLKLSFPEGFKWERVM
NFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERM
YPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSH
NEDYTIVEQYERAEGRHSTGGMDELYKCVTD

Example 2 - NHR-LBD containing anti-CD19 chimeric antigen receptors exhibit ligand-

induced surface expression of the CAR.

Jurkat T cells were transduced with lentiviral vectors encoding the canonical CAR
or with anti-CD19 (FMC63) ERa-LBD containing the v2, v3, and v4 CAR constructs
described in Example 1. The cells were then either left untreated, or were treated with, a
ligand for the ERa-LBD. After one hour of drug treatment, the cells were stained with
Protein L-biotin (Protein L binds to the extracellular scFv), and then with streptavidin-
BV421 to detect surface expression of the CAR. The cells were subsequently analyzed
by flow cytometry for mCherry expression and for the presence of CAR on the cell
surface (Figure 2A). Canonical CAR was expressed on the surface at identical levels
regardless of the presence or absence of the drug (Figure 2A, dot plots under the heading
“Canonical CAR”). In contrast, ERa-LBD-containing v2 and v4 CARs (exemplary
single-chain chimeric antigen receptors described herein) are expressed in the presence of
the ligand (as assayed by mCherry-positive expression), but in the absence of the ligand,
no CAR is detected on the cell surface (Figure 2A, top row, Protein L staining, dot plots
under the headings “v2” and “v4”). After treatment with 500 ng/mL 4-OHT, CAR is
detected on cell surface (Figure 2A, bottom row, Protein L staining) at levels comparable
to control CAR. Notably, not all designs behave identically: v3 has some basal surface
expression of CAR in the absence of ligand (Figure 2A, top dot plot under the heading
“v3”), and expression is further increased upon ligand addition (Figure 2A, bottom dot

plot under the heading “v3”).
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Primary CD4 and CD8 human T cells were transduced with lentiviral vectors
encoding the v4 CAR constructs. Cells were treated as described in this Example, and
were stained using an anti-cMyc antibody to detect the cMyc-tagged scFv on the cell
surface. Surface induction was observed in both CD4 and CDS8 T cells after co-culture of
the T cells with 500 ng/mL 4-OHT ligand (Figure 2B), demonstrating that the surface

induction phenotype extends from Jurkat to primary human T cells.

Example 3 - NHR-LBD fusion proteins exhibit ligand-induced surface expression in

diverse cell types.

HEK-293T cells were transduced with lentiviral vectors encoding ERa-LBD-
containing FMC63 CAR fusions described in Example 1. The cells were either left
untreated, or were incubated with 500 ng/mL 4-OHT for two hours, and then stained for
surface CAR expression. Consistent with ERa LBD results in Jurkat cells and primary T
cells demonstrated in Example 2, several ERa-LBD CAR fusions exhibited minimal
surface expression of CAR in the absence of ligand, and strongly up-regulated surface
CAR upon ligand treatment (Figure 3). These data indicate that ligand-induced surface
expression of NHR-LBD CAR fusions operates in diverse cell types including
immortalized (Jurkat and HEK-293T) and primary cells (Human CD4 and CD8 T cells),
as well as lymphoid (Jurkat and human T) and non-lymphoid (HEK-293T) cell types.

Example 4 - Ligand-induced surface expression of NHR LBD-CAR fusions is conserved

between different scFvs.

To demonstrate the conserved function and modularity of NHR LBD-CAR fusion
proteins, the FMC63 scFv in V4 was replaced with a different scFv (J6MO) that
recognizes B-cell maturation antigen (“BCMA”). Primary human CD4 T cells were
transduced with lentiviral vectors encoding the NHR-LBD CAR fusions, and were either
left untreated, or were treated with 500 ng/mL of the ERa ligand 4-OHT. Similar to the
FMC63 NHR LBD-CAR fusions, the NHR LBD-CAR having the J6MO scFv displayed

ligand-induced surface expression (Figure 4).
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Example 5 — Ligand-induced surface trafficking of NHR LBD fusion proteins does not

require scFv or intracellular domains from the canonical CAR.

The LBD-CAR fusions tested in Example 2 contain a number of protein motifs in
addition to the NHR LBD domain, including a CD137 intracellular domain, a CD3z
intracellular signaling domain, and an scFv domain. To determine if the intracellular
portions of the CAR constructs (the CD137 intracellular domain and CD3z intracellular
domain) were involved in ligand-induced surface trafficking, a construct lacking these
regions (“v5”, Figure 5A, left) was generated and tested in primary human T cells.
Construct v5 includes the scFv domain and the mCherry domain. Construct v5 exhibited
ligand-induced trafficking comparable to that of constructs v2 and v4 in Example 2,
indicating the CAR intracellular motifs were not responsible for the ligand-induced
trafficking (Figure SA, right). The nucleotide (SEQ ID NO: 36) and amino acid (SEQ ID

NO: 37) sequence of v5 are shown below.

SEQ ID NO: 36
ATGGCTCTGCCTGTGACAGCTCTGCTGCTGCCTCTGGCCCTGCTGCTGCATGC
CGCTAGACCTGAGCAGAAGCTGATCTCCGAAGAGGACCTGGACATCCAGATG
ACCCAGACCACCAGCAGCCTGAGCGCCAGCCTGGGCGATAGAGTGACCATCA
GCTGCAGAGCCAGCCAGGACATCAGCAAGTACCTGAACTGGTATCAGCAGAA
ACCCGACGGCACCGTGAAGCTGCTGATCTACCACACCAGCAGACTGCACAGC
GGCGTGCCCAGCAGATTTTCTGGCAGCGGCTCCGGCACCGACTACAGCCTGA
CCATCTCCAACCTGGAACAGGAAGATATCGCTACCTACTTCTGTCAGCAAGGC
AACACCCTGCCCTACACCTTCGGCGGAGGCACCAAGCTGGAAATCACAGGCG
GCGGAGGATCTGGCGGAGGCGGAAGTGGCGGAGGGGGATCTGAAGTGAAAC
TGCAGGAAAGCGGCCCTGGCCTGGTGGCCCCATCTCAGTCTCTGAGCGTGAC
CTGTACCGTGTCCGGCGTGTCCCTGCCTGACTATGGCGTGTCCTGGATCAGAC
AGCCCCCCAGAAAGGGCCTGGAATGGCTGGGAGTGATCTGGGGCAGCGAGAC
AACCTACTACAACAGCGCCCTGAAGTCCCGGCTGACCATCATCAAGGACAACT
CCAAGAGCCAGGTGTTCCTGAAGATGAACAGCCTGCAGACCGACGACACCGC
CATCTACTACTGCGCCAAGCACTACTACTACGGCGGCAGCTACGCCATGGACT
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ACTGGGGCCAGGGCACAAGCGTGACCGTGTCTAGCACAACCACCCCTGCCCC
TAGACCTCCAACCCCAGCCCCTACAATCGCCAGCCAGCCTCTGTCTCTGAGGC
CCGAGGCTTGTAGACCAGCTGCTGGCGGAGCCGTGCACACCAGAGGACTGGA
TTTCGCCTGCGACATCTACATCTGGGCCCCTCTGGCCGGCACATGTGGCGTGCT
GCTGCTGAGCCTCGTGATCACCCTGTACTGCGGATCCGGCAGCGGATCTGGCA
GTGGAAGCGATAGAAGAGGCGGCAGAATGCTGAAACACAAGCGGCAGAGGG
ACGACGGGGAAGGCAGAGGCGAAGTGGGATCTGCCGGCGATATGAGAGCCGC
CAACCTGTGGCCTAGCCCCCTGATGATCAAGCGGAGCAAGAAGAACTCCCTG
GCCCTGAGCCTGACCGCCGACCAGATGGTGTCTGCCCTGCTGGATGCCGAGCC
CCCCATCCTGTACAGCGAGTACGACCCCACCAGACCCTTCAGCGAGGCCAGCA
TGATGGGCCTGCTGACCAACCTGGCCGACCGGGAACTGGTGCACATGATCAA
CTGGGCCAAGCGGGTGCCCGGCTTCGTGGATCTGACACTGCACGACCAGGTG
CACCTGCTGGAATGCGCTTGGCTGGAAATCCTGATGATCGGCCTCGTGTGGCG
GAGCATGGAACACCCTGGCAAGCTGCTGTTCGCCCCCAACCTGCTGCTGGAC
CGGAACCAGGGCAAATGCGTGGAAGGCATGGTGGAAATCTTCGACATGCTGC
TGGCCACCTCCAGCCGGTTCCGGATGATGAACCTGCAGGGCGAAGAGTTCGT
GTGTCTGAAGTCCATCATCCTGCTGAATAGCGGCGTGTACACCTTCCTGAGCA
GCACCCTGAAAAGCCTGGAAGAAAAGGACCACATCCACCGGGTGCTGGACA
AGATCACCGACACCCTGATTCACCTGATGGCCAAGGCCGGACTGACCCTGCA
GCAGCAGCATCAGAGACTGGCTCAGCTGCTGCTGATCCTGTCCCACATCCGGC
ACATGAGCAACAAGCGGATGGAACATCTGTACAGCATGAAGTGCAAGAACGT
GGTGCCTCTGTTCGATCTGCTGCTGGAAATGCTGGACGCCCACAGGCTGCACG
CCCCAACATCCGGATCTGGCTCTGGAAGCGGCAGCATGGTGTCTAAGGGGGA
AGAGGACAACATGGCCATCATCAAAGAATTCATGCGGTTCAAGGTGCACATGG
AAGGCTCCGTGAATGGCCACGAATTCGAGATCGAGGGGGAGGGCGAGGGCA
GACCTTATGAGGGAACCCAGACCGCCAAGCTGAAAGTGACCAAGGGCGGACC
CCTGCCTTTCGCCTGGGATATCCTGTCTCCCCAGTTTATGTACGGCAGCAAGGC
CTACGTGAAGCACCCCGCCGACATCCCCGACTACCTGAAGCTGAGCTTCCCTG
AGGGCTTCAAGTGGGAGAGAGTGATGAATTTCGAGGACGGCGGAGTCGTGAC
AGTGACCCAGGATAGCTCTCTGCAGGACGGCGAGTTCATCTACAAAGTGAAG
CTGCGGGGCACCAACTTCCCCAGCGACGGACCCGTGATGCAGAAAAAGACCA
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TGGGCTGGGAGGCCAGCTCCGAGAGAATGTACCCAGAGGACGGGGCCCTGAA
GGGGGAGATCAAGCAGCGGCTGAAACTGAAGGATGGCGGCCACTACGACGC
AGAAGTGAAAACCACCTACAAGGCCAAGAAACCTGTGCAGCTGCCTGGCGCC
TACAATGTGAACATCAAGCTGGACATTACCAGCCACAACGAGGACTACACCAT
CGTGGAACAGTACGAGCGGGCCGAGGGCAGGCATTCTACAGGCGGAATGGAT
GAACTGTATAAGTGCGTGACCGACTAG

SEQ ID NO: 37
MALPVTALLLPLALLLHAARPEQKLISEEDLDIQMTQTTSSLSASLGDRVTISCRA
SQDISKYLNWYQQKPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQE
DIATYFCQQGNTLPYTFGGGTKLEITGGGGSGGGGSGGGGSEVKLQESGPGLVAP
SQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSETTYYNSALKSRLTII
KDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVTVSSTTT
PAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLL
LSLVITLY CGSGSGSGSGSDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANL
WPSPLMIKRSKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLT
NLADRELVHMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPG
KLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLN
SGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLIL
SHIRHMSNKRMEHLY SMKCKNVVPLFDLLLEMLDAHRLHAPTSGSGSGSGSMV
SKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKVTKG
GPLPFAWDILSPQFMY GSKAY VKHPADIPDYLKLSFPEGFKWERVMNFEDGGVV
TVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDGALK
GEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYTIVE
QYERAEGRHSTGGMDELYKCVTD

To test whether the extracellular scFv was involved in the ligand-induced surface
expression, constructs lacking the scFv were generated; in its place a FLAG tag was

inserted to allow surface detection of the protein (nucleic acid and polypeptide sequences
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for this construct are shown below as SEQ ID NOs: 38 and 39, respectively). Jurkat T
cells were transduced with a lentiviral vector encoding the ERa-LBD fusion protein, and
were stained for surface expression of the polypeptide in the presence and absence of the
ERa ligand 4-OHT. Ligand treatment induced robust surface detection of the polypeptide
(Figure 5B), indicating that NHR-LBD-mediated surface expression does not require an

scFv, and that the technology is broadly generalizable to diverse polypeptides.

SEQ ID NO: 38
ATGATCCACCTGGGACACATCCTGTTTTTGCTGCTGCTGCCAGTGGCTGCCGC
CgattacaaagacgacgatgataaaCAGACAACACCAGGCGAGAGATCTAGCCTGCCCGCC
TTCTACCCTGGCACCAGCGGCTCTTGTTCTGGCTGTGGCAGCCTGTCTCTGCC
Catctatatttgggcacccctggctggaacctgeggagtgctgctgctgtetetcgtgattacactgtattgc AAAAGGGG
CCGGAAAAAGCTGCTGTATATTTTCAAACAGCCTTTTATGAGGCCTGTGCAGA
CAACACAGGAAGAGGACGGCTGTAGCTGTCGGTTCCCCGAAGAGGAAGAGG
GGGGCTGCGAACTGggatcaggcagtggetetggcagcGATAGAAGAGGCGGCAGAATGC
TGAAACACAAGCGGCAGAGGGACGACGGGGAAGGCAGAGGCGAAGTGGGAT
CTGCCGGCGATATGAGAGCCGCCAACCTGTGGCCTAGCCCCCTGATGATCAAG
CGGAGCAAGAAGAACTCCCTGGCCCTGAGCCTGACCGCCGACCAGATGGTGT
CTGCCCTGCTGGATGCCGAGCCCCCCATCCTGTACAGCGAGTACGACCCCACC
AGACCCTTCAGCGAGGCCAGCATGATGGGCCTGCTGACCAACCTGGCCGACC
GGGAACTGGTGCACATGATCAACTGGGCCAAGCGGGTGCCCGGCTTCGTGGA
TCTGACACTGCACGACCAGGTGCACCTGCTGGAATGCGCTTGGCTGGAAATCC
TGATGATCGGCCTCGTGTGGCGGAGCATGGAACACCCTGGCAAGCTGCTGTTC
GCCCCCAACCTGCTGCTGGACCGGAACCAGGGCAAATGCGTGGAAGGCATGG
TGGAAATCTTCGACATGCTGCTGGCCACCTCCAGCCGGTTCCGGATGATGAAC
CTGCAGGGCGAAGAGTTCGTGTGTCTGAAGTCCATCATCCTGCTGAATAGCGG
CGTGTACACCTTCCTGAGCAGCACCCTGAAAAGCCTGGAAGAAAAGGACCAC
ATCCACCGGGTGCTGGACAAGATCACCGACACCCTGATTCACCTGATGGCCAA
GGCCGGACTGACCCTGCAGCAGCAGCATCAGAGACTGGCTCAGCTGCTGCTG
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ATCCTGTCCCACATCCGGCACATGAGCAACAAGCGGATGGAACATCTGTACAG
CATGAAGTGCAAGAACGTGGTGCCTCTGTTCGATCTGCTGCTGGAAATGCTGG
ACGCCCACAGGCTGCACGCCCCAACATCCaGATCCggatctggaagtggctccCTGAGA
GTGAAGTTTAGCAGAAGCGCCGACGCCCCTGCCTATCAGCAGGGACAGAACC
AGCTGTATAACGAGCTGAACCTGGGCAGGCGGGAAGAGTACGACGTGCTGGA
TAAGAGGCGGGGCAGGGACCCTGAAATGGGCGGCAAACCCAGACGGAAGAA
CCCCCAGGAAGGCCTGTACAACGAACTGCAGAAAGACAAGATGGCCGAGGC
CTACAGCGAGATCGGAATGAAGGGCGAGCGGCGGAGAGGCAAGGGACATGAT
GGCCTGTACCAGGGCCTGTCCACCGCCACCAAGGACACCTATGACGCCCTGC
ACATGCAGGCCCTGCCTCCAAGAggaagtggatctgggageggctctatggtgtctaagggggaagagg
acaacatggccatcatcaaagaattcatgcggttcaaggtgcacatggaaggcetccgtgaatggccacgaattcgagatcgagg
gggagggocgagggcagaccttatgagggaacccagaccgecaagetgaaagtgaccaagggeggaccectgectttcgect
gggatatcctgtctceccagtttatgtacggecagecaaggectacgtgaageacceegecgacatceececgactacectgaagetga
gcttcectgagggcticaagtgggagagagtgatgaatticgaggacggeggagtegtgacagtgacccaggatagetetctge
aggacggcgagttcatctacaaagtgaagetgeggggceaccaacttccccagegacggacccgtgatgcagaaaaagaccat
gggctgggaggccagetccgagagaatgtacccagaggacggggccctgaagggggagatcaagecageggctgaaactg
aaggatggcggccactacgacgcagaagtgaaaaccacctacaaggecaagaaacctgtgecagetgectggegectacaatg
tgaacatcaagctggacattaccagccacaacgaggactacaccatcgtggaacagtacgagegggecgagggeaggceattce

tacaggcggaatggatgaactgtataagtgcgtgaccgacTAG

SEQ ID NO: 39
MIHLGHILFLLLLPVAAADYKDDDDKQTTPGERSSLPAFYPGTSGSCSGCGSLSLP
IYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRF
PEEEEGGCELGSGSGSGSDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANL
WPSPLMIKRSKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLT
NLADRELVHMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPG
KLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLN
SGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLIL
SHIRHMSNKRMEHLY SMKCKNVVPLFDLLLEMLDAHRLHAPTSRSGSGSGSLRV
KFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQ
EGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYDALHMQA
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LPPRGSGSGSGSMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPY
EGTQTAKLKVTKGGPLPFAWDILSPQFMY GSKAYVKHPADIPDY LKLSFPEGFKW
ERVMNFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEAS
SERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKL
DITSHNEDYTIVEQYERAEGRHSTGGMDELYKCVTD

The polypeptide of SEQ ID NO: 39 includes the following domains: Dap10 signal
peptide (MIHLGHILFLLLLPVAAA, SEQ ID NO: 40), flag tag (DYKDDDDK, SEQ ID
NO: 41), Dap10 extracellular domain (QTTPGERSSLPAFYPGTSGSCSGCGSLSLP,
SEQ ID NO: 42), CD8 transmembrane domain (IYIWAPLAGTCGVLLLSLVITLYC,
SEQ ID NO: 43), 4-1BB costimulatory domain (KRGRKKLLYIFKQPFMRPVQTTQ
EEDGCSCRFPEEEEGGCEL, SEQ ID NO: 44), first linker (GSGSGSGS, SEQ ID NO:
45), modified ERa domain (DRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANL
WPSPLMIKRSKKNSLALSLTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLT
NLADRELVHMINWAKRVPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPG
KLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIILLN
SGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLIL
SHIRHMSNKRMEHLY SMKCKNVVPLFDLLLEMLDAHRLHAPTS, SEQ ID NO:
46), second linker (RSGSGSGS, SEQ ID NO: 47), CD3 zeta signaling domain
(LRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALH
MQALPPR, SEQ ID NO: 48), third linker (GSGSGSGS, SEQ ID NO: 49), mCherry
(MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGEGRPYEGTQTAKLKV
TKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPEGFKWERVMNFEDG
GVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMGWEASSERMYPEDG
ALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYNVNIKLDITSHNEDYT
IVEQYERAEGRHSTGGMDELYKCVTD, SEQ ID NO: 50).

Example 6 — Ligand-induced surface expression of NHR-LBD fusion constructs extends

to different NHRs including progesterone receptor (PR)
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To test whether progesterone receptor (“PR) LBD fusions exhibited ligand-
induced surface expression, a construct (v33) was generated (nucleic acid and
polypeptide sequences for this construct are shown below as SEQ ID NOs: 51 and 52,
respectively). The tested construct contained an N-terminal FLAG tag for surface
detection. Jurkat T cells were transduced with lentiviral vectors encoding the construct,
and were either left untreated, or were treated with 500 ng/mL mifepristone, a PR ligand.
The cells were stained for surface protein expression after two hours of drug treatment.
The construct exhibited ligand-induced surface expression of the polypeptide as detected
by flow cytometry (Figure 6), indicating that other NHR-LBDs (aside from ERa) could
be used to generate constructs with ligand-inducible surface expression, and that ligand-

induced surface expression of NHR-LBD fusions proteins is a generizable phenomenon.

SEQ ID NO: 51
ATGATCCACCTGGGACACATCCTGTTTTTGCTGCTGCTGCCAGTGGCTGCCGC
CgattacaaagacgacgatgataaaCAGACAACACCAGGCGAGAGATCTAGCCTGCCCGCC
TTCTACCCTGGCACCAGCGGCTCTTGTTCTGGCTGTGGCAGCCTGTCTCTGCC
Catctatatttgggcacccctggctggaacctgeggagtgctgctgctgtetetcgtgattacactgtattgc AAAAGGGG
CCGGAAAAAGCTGCTGTATATTTTCAAACAGCCTTTTATGAGGCCTGTGCAGA
CAACACAGGAAGAGGACGGCTGTAGCTGTCGGTTCCCCGAAGAGGAAGAGG
GGGGCTGCGAACTGggatcaggcagtggctctggcagcGGGCAAGACATTCAGCTCATACC
TCCTTTGATAAATTTGCTGATGTCTATAGAACCAGATGTCATATACGCTGGTCAC
GACAATACGAAACCGGACACATCTTCATCTTTGCTTACCTCTCTGAATCAACTG
GGTGAACGACAGCTCCTGAGTGTTGTTAAGTGGTCTAAAAGCCTCCCGGGCTT
CAGGAATTTGCACATAGACGACCAAATCACGCTCATCCAATATTCCTGGATGAG
TCTCATGGTCTTTGGTCTCGGTTGGCGCAGCTATAAGCACGTCTCTGGCCAGAT
GTTGTATTTCGCACCAGACCTGATCCTGAACGAACAGAGGATGAAGGAATCAA
GCTTTTACTCTCTCTGCTTGACTATGTGGCAAATCCCCCAAGAATTCGTGAAAC
TTCAAGTTTCCCAAGAAGAATTCCTCTGCATGAAAGTCCTTCTTTTGCTCAACA
CGATTCCCCTGGAAGGCTTGAGGTCTCAAACGCAATTCGAGGAGATGCGGAGT
AGCTATATACGCGAACTCATCAAGGCCATCGGTTTGCGGCAAAAGGGAGTGGT
CTCTAGTAGCCAACGATTTTACCAGCTGACTAAGCTCCTTGACAACCTTCACGA
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TCTCGTCAAACAACTGCACCTGTACTGTCTTAACACATTTATACAATCACGGGC
ACTTTCTGTAGAGTTCCCAGAGATGATGTCTGAGGTCATCGCAGCCCAACTTC
CGAAAATTCTTGCAGGAATGGTGAAGCCACTTCTGTTCCATAAGAAAaGATCCg
gatctggaagtggctccCTGAGAGTGAAGTTTAGCAGAAGCGCCGACGCCCCTGCCTAT
CAGCAGGGACAGAACCAGCTGTATAACGAGCTGAACCTGGGCAGGCGGGAA
GAGTACGACGTGCTGGATAAGAGGCGGGGCAGGGACCCTGAAATGGGCGGCA
AACCCAGACGGAAGAACCCCCAGGAAGGCCTGTACAACGAACTGCAGAAAG
ACAAGATGGCCGAGGCCTACAGCGAGATCGGAATGAAGGGCGAGCGGCGGA
GAGGCAAGGGACATGATGGCCTGTACCAGGGCCTGTCCACCGCCACCAAGGA
CACCTATGACGCCCTGCACATGCAGGCCCTGCCTCCAAGAggaagtggatctgggagegg
ctctatggtgtctaagggggaagaggacaacatggccatcatcaaagaattcatgecggttcaaggtgcacatggaaggetcegt
gaatggccacgaattcgagatcgagggggagggcgagggcagaccttatgagggaacccagaccgecaagetgaaagtga
ccaagggcggacccctgectttcgectgggatatectgtetecccagtttatgtacggeageaaggectacgtgaageacceeg
ccgacatccccgactacctgaagetgagetteectgagggettcaagtgggagagagtgatgaatttcgaggacggeggagte
gtgacagtgacccaggatagctctctgcaggacggegagticatctacaaagtgaagetgecggggceaccaacttccccagega
cggacccgtgatgcagaaaaagaccatgggctgggaggccagetccgagagaatgtacccagaggacggggecctgaagg
gggagatcaagecageggctgaaactgaaggatggeggecactacgacgeagaagtgaaaaccacctacaaggecaagaaa

cctgtgecagetgectggegectacaatgtgaacatcaagetggacattaccagecacaacgaggactacaccatcgtggaaca

gtacgagcgggccgagggcaggcattctacaggeggaatggatgaactgtataagtgegtgaccgac

SEQ ID NO: 52
MIHLGHILFLLLLPVAAADYKDDDDKQTTPGERSSLPAFYPGTSGSCSGCGSLSLP
IYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRF
PEEEEGGCELGSGSGSGSGQDIQLIPPLINLLMSIEPDVIYAGHDNTKPDTSSSLLTS
LNQLGERQLLSVVKWSKSLPGFRNLHIDDQITLIQYSWMSLMVFGLGWRSYKHV
SGQMLYFAPDLILNEQRMKESSFYSLCLTMWQIPQEFVKLQVSQEEFLCMKVLLL
LNTIPLEGLRSQTQFEEMRSSYIRELIKAIGLRQKGVVSSSQRFYQLTKLLDNLHDL
VKQLHLYCLNTFIQSRALSVEFPEMMSEVIAAQLPKILAGMVKPLLFHKKRSGSG
SGSLRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKP
RRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKDTYD
ALHMQALPPRGSGSGSGSMVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEG
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EGEGRPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGSKAY VKHPADIPDYLKLS
FPEGFKWERVMNFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKK
TMGWEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPG
AYNVNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYKCVTD

The polypeptide of SEQ ID NO: 52 includes the following domains: Dap10 signal
peptide (MIHLGHILFLLLLPVAAA, SEQ ID NO: 53), flag tag (DYKDDDDK, SEQ ID
NO: 54), Dap10 extracellular domain (QTTPGERSSLPAFYPGTSGSCSGCGSLSLP,
SEQ ID NO: 55), CD8 transmembrane domain (IYIWAPLAGTCGVLLLSLVITLYC,
SEQ ID NO: 56), 4-1BB costimulatory domain (KRGRKKLLYIFKQPFMRPVQTTQ
EEDGCSCRFPEEEEGGCEL, SEQ ID NO: 57), first linker (GSGSGSGS, SEQ ID NO:
58), Progesterone receptor LBD (GQDIQLIPPLINLLMSIEPDVIYAGHDNTKP
DTSSSLLTSLNQLGERQLLSVVKWSKSLPGFRNLHIDDQITLIQYSWMSLMVFGL
GWRSYKHVSGQMLYFAPDLILNEQRMKESSFYSLCLTMWQIPQEFVKLQVSQEE
FLCMKVLLLLNTIPLEGLRSQTQFEEMRSSYIRELIKAIGLRQKGVVSSSQRFYQLT
KLLDNLHDLVKQLHLYCLNTFIQSRALSVEFPEMMSEVIAAQLPKILAGMVKPLL
FHKK, SEQ ID NO: 59), second linker (RSGSGSGS, SEQ ID NO: 60), CD3zeta
signaling domain (LRVKFSRSADAPAY QQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQ
GLSTATKDTYDALHMQALPPR, SEQ ID NO: 61), third linker (GSGSGSGS, SEQ ID
NO: 62), and mCherry (MVSKGEEDNMAIIKEFMRFKVHMEGSVNGHEFEIEGEGE
GRPYEGTQTAKLKVTKGGPLPFAWDILSPQFMYGSKAYVKHPADIPDYLKLSFPE
GFKWERVMNFEDGGVVTVTQDSSLQDGEFIYKVKLRGTNFPSDGPVMQKKTMG
WEASSERMYPEDGALKGEIKQRLKLKDGGHYDAEVKTTYKAKKPVQLPGAYN
VNIKLDITSHNEDYTIVEQYERAEGRHSTGGMDELYKCVTD, SEQ ID NO: 63).

The nucleotide sequence of SEQ ID NO: 51 includes the following sequences
encoding the indicated domains: Dap10 signal peptide (ATGATCCACCTGGGACACAT
CCTGTTTTTGCTGCTGCTGCCAGTGGCTGCCGCC, SEQ ID NO: 63), flag tag
(gattacaaagacgacgatgataaa, SEQ ID NO: 64), Dap10 extracellular domain (CAGACAAC
ACCAGGCGAGAGATCTAGCCTGCCCGCCTTCTACCCTGGCACCAGCGGCTCTT
GTTCTGGCTGTGGCAGCCTGTCTCTGCCC, SEQ ID NO: 65), CD8 transmembrane
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domain (atctatatttgggcacccctggetggaacctgeggagtgctgetgetgtctetegtgattacactgtattge, SEQ
ID NO: 66), 4-1BB costimulatory domain (AAAAGGGGCCGGAAAAAGCTGCT
GTATATTTTCAAACAGCCTTTTATGAGGCCTGTGCAGACAACACAGGAAGAGG
ACGGCTGTAGCTGTCGGTTCCCCGAAGAGGAAGAGGGGGGCTGCGAACTG,
SEQ ID NO: 67), first linker (ggatcaggcagtggctctggcage, SEQ ID NO: 68), Progesterone
receptor LBD (GGGCAAGACATTCAGCTCATACCTCCTTTGATAAATTTGCTG
ATGTCTATAGAACCAGATGTCATATACGCTGGTCACGACAATACGAAACCGGAC
ACATCTTCATCTTTGCTTACCTCTCTGAATCAACTGGGTGAACGACAGCTCCTG
AGTGTTGTTAAGTGGTCTAAAAGCCTCCCGGGCTTCAGGAATTTGCACATAGA
CGACCAAATCACGCTCATCCAATATTCCTGGATGAGTCTCATGGTCTTTGGTCT
CGGTTGGCGCAGCTATAAGCACGTCTCTGGCCAGATGTTGTATTTCGCACCAG
ACCTGATCCTGAACGAACAGAGGATGAAGGAATCAAGCTTTTACTCTCTCTGC
TTGACTATGTGGCAAATCCCCCAAGAATTCGTGAAACTTCAAGTTTCCCAAGA
AGAATTCCTCTGCATGAAAGTCCTTCTTTTGCTCAACACGATTCCCCTGGAAG
GCTTGAGGTCTCAAACGCAATTCGAGGAGATGCGGAGTAGCTATATACGCGAA
CTCATCAAGGCCATCGGTTTGCGGCAAAAGGGAGTGGTCTCTAGTAGCCAACG
ATTTTACCAGCTGACTAAGCTCCTTGACAACCTTCACGATCTCGTCAAACAAC
TGCACCTGTACTGTCTTAACACATTTATACAATCACGGGCACTTTCTGTAGAGT
TCCCAGAGATGATGTCTGAGGTCATCGCAGCCCAACTTCCGAAAATTCTTGCA
GGAATGGTGAAGCCACTTCTGTTCCATAAGAAA, SEQ ID NO: 69), second linker
(ggatctggaagtggctce, SEQ ID NO: 70), CD3zeta signaling domain (CTGAGAGTGAA
GTTTAGCAGAAGCGCCGACGCCCCTGCCTATCAGCAGGGACAGAACCAGCTG
TATAACGAGCTGAACCTGGGCAGGCGGGAAGAGTACGACGTGCTGGATAAGA
GGCGGGGCAGGGACCCTGAAATGGGCGGCAAACCCAGACGGAAGAACCCCC
AGGAAGGCCTGTACAACGAACTGCAGAAAGACAAGATGGCCGAGGCCTACA
GCGAGATCGGAATGAAGGGCGAGCGGCGGAGAGGCAAGGGACATGATGGCC
TGTACCAGGGCCTGTCCACCGCCACCAAGGACACCTATGACGCCCTGCACATG
CAGGCCCTGCCTCCAAGA, SEQ ID NO: 71), third linker (ggaagtggatctgggagcggctct,
SEQ ID NO: 72), and mCherry (atggtgtctaagggggaagaggacaacatggccatcatcaaagaattcatg

cggttcaaggtgcacatggaaggetccgtgaatggecacgaattcgagatcgagggggagggcgagggcagaccttatgag
ggaacccagaccgccaagetgaaagtgaccaagggeggaccectgectttcgectgggatatectgtetccccagtttatgtac
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ggcagcaaggectacgtgaagcaccccgecgacatcceecgactacetgaagetgagettecctgagggcttcaagtgggaga
gagtgatgaatttcgaggacggeggagtegtgacagtgacccaggatagetctetgecaggacggegagttcatctacaaagtg
aagctgcggggcaccaacttccccagegacggaccegtgatgcagaaaaagaccatgggetgggaggccagetccgagag
aatgtacccagaggacggggccctgaagggggagatcaageageggcetgaaactgaaggatggeggccactacgacgeag
aagtgaaaaccacctacaaggccaagaaacctgtgcagetgectggegectacaatgtgaacatcaagetggacattaccage
cacaacgaggactacaccatcgtggaacagtacgagcgggecgagggeaggceattctacaggeggaatggatgaactgtata
agtgcgtgaccgac, SEQ ID NO: 73).

Example 7 — Ligand-induced NHR-LBD CAR T cell activation is antigen- and drug-

dependent.

Primary human T cells were transduced with lentiviral vectors encoding J6MO-
ERa-LBD CAR construct. T cell activation was assessed by surface staining for the
canonical T cell activation marker, CD69, after overnight co-culture with antigen-
negative (K562 cell line) and antigen-positive (MM1S cell line) targets in the presence of
increasing concentrations of 4-OHT (Figure 7A). A unique dose-dependent T cell
response was observed for each construct, with the proximity of the LBD to the cell
membrane correlating to background activation (activation in the absence of ligand) and
sensitivity to ligand. All constructs displayed activation levels comparable to the positive
control (canonical CAR) at increasing drug concentrations.

The ability of the JoOMO-ERa-LBD CAR cells to produce inflammatory cytokines
was assessed via [FN-y ELISA on co-culture supernatants isolated from overnight co-
cultures of T cells with antigen-negative (K562 cell line) and antigen-positive (MM1S
cell line) targets in the presence of increasing concentrations of 4-OHT. IFN-y
production was shown to be dose-dependent, with all NHR-LBD constructs producing

cytokine at increasing ligand concentrations (Figure 7B).

Example 8 - Ligand-induced NHR-LBD CAR T cell proliferation and killing are antigen-

and ligand-dependent.

Primary human CD4 T cells were transduced with lentiviral vectors encoding V4
FMC63-ERa-LBD CAR or canonical CAR controls. The cells were labeled with
carboxyfluorescein succinimidyl ester (“CFSE”) prior to co-culture with either antigen-
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negative (K562 cell line) or antigen-positive (Raji cell line) targets. The cells were also
co-cultured with increasing concentrations of ligand (4-OHT). Three days after co-
culture, cells were analyzed via flow cytometry and proliferation was assessed by dilution
of CFSE dye on CD4+ T cells. FMC63-ERa-LBD CAR T cells proliferated only in the
presence of antigen and ligand (Figure 8A).

Primary human T cells were transduced with lentiviral vectors encoding the
J6MO-ERa-LBD CAR construct described in Example 7. The ability of T cells bearing
the JOMO-ERa-LBD CAR construct to kill antigen-positive targets (MMI1S cell line) in a
drug-dependent manner was assessed via a flow cytometry-based killing assay. Target
cells were labeled with CFSE prior to co-culture, and the number of cells remaining in
each well after co-culture was determined via quantification of a fixed volume using the
Intellicyt flow cytometer. Specific lysis was determined by comparing the number of
targets remaining per experimental well to the number of targets remaining in control
wells that contained both targets and non-antigen specific conventional CAR T cells (-
CTRL). Specific lysis was reported as a percentage derived from the following equation:
1 - (# events per experiment well/# average events - CTRL wells). Target cell killing was
dependent on the dose of the ligand, with all constructs eliminating antigen-positive
targets at levels comparable to the conventional CAR (+ CTRL) at higher drug doses
(Figure 8B).

Example 9 - The location of the LBD within the CAR polypeptide determines sensitivity
to ligand-induced surface expression of NHR-LBD CAR.

The dose responsiveness of the V2, V3, and V4 constructs shown in Figure 1 was
compared in Jurkat T cells. Detection of surface expression of NHR-LBD CAR protein
on Jurkat T cells was performed after incubation for one hour with 4-OHT ligand at the
concentrations indicated on the x-axis of Figure 9. Surface receptor expression was
detected using an anti-cMyc antibody, and was reported as a percentage of reporter-
positive cells (as determined by mCherry expression). The ligand dose at which surface
expression was detected for each construct corresponded to the location of the LBD, in
relation to the surface membrane, for each construct. Construct V4, which harbors the

LBD immediately adjacent to the surface membrane, showed no detectable surface
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expression in the absence of ligand, with surface expression detected only at higher
concentrations of 4-OHT. In contrast, when the LBD was located further from the
membrane (see e.g., V2), a higher basal level of surface expression was detected (~20%),
and enhanced sensitivity to 4-OHT was observed. Activation of Jurkat T cells with
PMA/Ionomycin did not lead to ligand-independent NHR-LBD CAR surface expression,
demonstrating that activation of the T cell alone (through the endogenous TCR, for

example) does not result in trafficking of the receptor to the cell surface.

Example 10 - Duration of NHR-LBD CAR surface expression is dependent on the

location of LBD in polypeptide.
T cells were transduced with FMC63-ERa-LBD CARs and were exposed to 4-

OHT at 35 ng/mL for one hour before either being stained for surface expression using an
anti-cMyc antibody, or being washed and cultured overnight in the absence of drug
(timeline shown in Figure 10A).

The number of cells expressing surface protein was reported as a percentage of
reporter-positive cells (as determined by mCherry expression). The duration of NHR-
LBD CAR expression on the cell surface for constructs V2, V3, and V4 was determined.
The construct that harbored the LBD most proximal to the membrane (V4) showed the
most rapid and complete return to baseline 24 hours after ligand removal (Figure 10B,

bars labeled “V4”).

Example 11 - Kinetics of surface expression in NHR-LBD-CAR constructs after ligand

addition.

Jurkat T cells were transduced with the FLAG-ERa-LBD construct used in
Example 5 were left untreated or were treated with 500 ng/mL 4-OHT for 15 minutes or
120 minutes, and surface expression was detected after ligand treatment. Ligand
treatment induced surface expression within 15 minutes, and further upregulation was
observed over time (Figure 11A).

Human T cells were transduced with lentiviral vector encoding the FMC63-ERa-
LBD CAR (v2 as shown in Figure 1). The cells were treated with the ERa ligand 4-OHT

for the indicated duration, and then stained for surface expression of the CAR (Figure
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11B). The data in Figure 11B show similar kinetics for the ligand treatment induced

surface expression as was observed for Jurkat T cells.

Example 12 - Brefeldin A treatment blocks ligand-induced surface trafficking of NHR
LBD fusions.
Primary human T cells expressing FMC63-CAR with ERa LBD fusion were left

untreated or were treated with 500 ng/mL 4-OHT ligand for two hours to induce surface
expression of the CAR. Prior to 4-OHT treatment, half the cells were pre-treated with 1
uM Brefeldin A (Figure 12, bottom two panels) to inhibit protein export from the Golgi.
Brefeldin A pre-treatment prevented 4-OHT-induced increase in surface protein
expression. Without wishing to be bound by theory, these data suggest that increased
surface expression arises from relocalization of a pool of polypeptides that is sequestered

intracellularly in the absence of ligand.

Example 13 — Generation of Constructs

A conventional chimeric antigen receptor (“Conventional CAR”, Figure 13, left)
was modified to include the estrogen receptor alpha (“ERa”) ligand binding domain
(“ERa LBD,” Figure 1, in green) either in the intracellular portion of the protein (v2 CAR
as described in Example 1) or in the extracellular portion of the protein (“Concealed
Carry’ CAR ECD.v1” or “LBD-ECD CAR”). Point mutations were introduced into the
ERa LBD domain of both v2 CAR and ECD.vl CAR. The nucleic acid and polypeptide
sequences of v2 CAR (are shown above as SEQ ID NOs: 30 and 31) and ECD.v1 (SEQ
ID NOs: 97 and 98) are provided below.

SEQ ID NO: 97 (ECD v.1 CAR)
atgcttctcetggtgacaagecttetgetetgtgagttaccacacccageattecteetgattectgaacagaagetgataagtgag
gaggacttggacatccagatgacccagaccaccagecagectgagegecagectgggcegatagagtgaccatcagetgecaga
gccagecaggacatcagcaagtacctgaactggtatcagcagaaacccgacggeaccgtgaagetgetgatctaccacacca
gcagactgcacageggcegtgcccageagattttctggecageggeteeggeaccgactacagectgaccatetccaacctggaa
caggaagatatcgctacctacttctgtcagcaaggeaacaccctgecctacaccttcggeggaggeaccaagetggaaatecaca
ggcggeggaggatctggeggaggcggaagtggcggagggggatctgaagtgaaactgecaggaaageggecctggectgg
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tggecccatctcagtetetgagegtgacctgtaccgtgtecggegtgteectgectgactatggegtgtectggatcagacagee
ccccagaaagggcctggaatggctgggagtgatetggggcagegagacaacctactacaacagegecctgaagteccgget
gaccatcatcaaggacaactccaagagccaggtgttcctgaagatgaacagectgcagaccgacgacaccgecatctactact
gcgecaagcactactactacggeggeagetacgecatggactactggggccagggeacaagegtgaccgtgtectageggate
cgatagaagaggcggceagaatgetgaaacacaageggeagagggacgacggggaaggeagaggcgaagtgggatetgee
ggcgatatgagagecgecaacctgtggectagececectgatgatcaageggageaagaagaacteeetggecctgagectga
ccgeegaccagatggtgtetgecctgetggatgecgageccecccatectgtacagegagtacgaccccaccagacccttcage
gaggccagcatgatgggcctgctgaccaacctggecgaccgggaactggtgeacatgatcaactgggecaagegggtgece
ggcttegtggatctgacactgcacgaccaggtgcacctgetggaatgegettggetggaaatectgatgateggectegtgtggc
ggagcatggaacaccctggceaagetgetgttcgeeccccaacctgetgetggaccggaaccagggeaaatgegtggaaggeat
ggtggaaatcttcgacatgetgetggecaccteccagecggttccggatgatgaacctgecagggegaagagticgtgtgtetgaa
gtccatcatcctgetgaatageggegtgtacaccttcctgageageaccctgaaaagectggaagaaaaggaccacatccace
gggtgctggacaagatcaccgacaccctgattcacctgatggecaaggecggactgacectgeageageageatcagagact
ggctcagetgetgctgatectgtcccacatccggeacatgageaacaageggatggaacatetgtacageatgaagtgecaaga
acgtggtgcctctgttcgatctgetgctggaaatgetggacgeccacaggetgeacgecccaacatccggatccaccacgacg
ccagegecegegaccaccaacaccggegececaccatcgegtecgeageccectgteectgegeccagaggegtgecggecage
ggegggggacgcagtgcacacgagggggctggacticgectgtgatatetacatetgggegececttggecgggacttgtggg
gtecttetectgteactggttatcaccctttactgcaaacggggeagaaagaaactectgtatatattcaaacaaccatttatgagac
cagtacaaactactcaagaggaagatggctgtagctgccgatttccagaagaagaagaaggaggatgtgaactgagagtgaag
ttcagcaggagcgcagacgeccccgegtaccagecagggecagaaccagcetctataacgagetcaatctaggacgaagagag
gagtacgatgttttggacaagagacgtggccgggaccctgagatggggggaaagecgagaaggaagaaccctcaggaagg
cctgtacaatgaactgcagaaagataagatggcggaggcctacagtgagattgggatgaaaggegagegeecggaggggcaa
ggggcacgatggcctttaccagggtctcagtacagecaccaaggacacctacgacgeccttcacatgecaggecctgecccecte

gctag

SEQ ID NO: 98 (ECD v.1 CAR)
MLLLVTSLLLCELPHPAFLLIPEQKLISEEDLDIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQ
KPDGTVKLLIYHTSRLHSGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEITG
GGGSGGGGSGGGGSEVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVI
WGSETTYYNSALKSRLTIIKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDYWGQGTSVT

VSSGSDRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMIKRSKKNSLALSLTADQM
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VSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMINWAKRVPGFVDLTLHDQVHLLECA
WLEILMIGLVWRSMEHPGKLLFAPNLLLDRNQGKCVEGMVEIFDMLLATSSRFRMMNLQGEEFVC
LKSHLLNSGVYTFLSSTLKSLEEKDHIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLILSHIRHMS

NKRMEHLYSMKCKNVVPLFDLLLEMLDAHRLHAPTSGSTTTPAPRPPTPAPTIASQPLSLRPEACRP

AAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGC
SCRFPEEEEGGCELRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRR

KNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

The protein and nucleic acid sequence of each domain in ECD.v1, going from the N-

terminus to the C-terminus, in ECD.v1 are shown below.

SEQ ID NO: 99 (CSF2RA signal peptide)
atgcttctcctggtgacaagecttetgetetgtgagttaccacacccageattectcectgattect

SEQ ID NO: 100 (CSF2RA signal peptide)
MLLLVTSLLLCELPHPAFLLIP

SEQ ID NO: 101 (cMyc tag)
gaacagaagctgataagtgaggaggacttg

SEQ ID NO: 102 (cMyc tag)
EQKLISEEDL

SEQ ID NO: 103 (FMC63 V1)

gacatccagatgacccagaccaccageagectgagegecagectgggegatagagtgaccatcagetgecagagecagecag
gacatcagcaagtacctgaactggtatcagcagaaacccgacggeaccgtgaagetgetgatctaccacaccageagactgea
cagcggcegtgcccageagattttctggcageggetcecggeaccgactacagectgaccatctccaacctggaacaggaagata

tcgctacctacttctgtcagcaaggcaacaccctgecctacaccttcggeggaggceaccaagetggaaatcaca

SEQ ID NO: 104 (FMC63 Vi)
DIQMTQTTSSLSASLGDRVTISCRASQDISKYLNWYQQKPDGTVKLLIYHTSRLH

SGVPSRFSGSGSGTDYSLTISNLEQEDIATYFCQQGNTLPYTFGGGTKLEIT
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SEQ ID NO: 105 ((G4S)3 linker between Vi and Vn)
ggeggeggaggatctggeggaggcggaagiggeggagggggatct

SEQ ID NO: 106 ((G4S)3 linker between Vi and Vn)
GGGGSGGGGSGGGGS

SEQ ID NO: 107 (FMC63 Vn)
gaagtgaaactgcaggaaageggecctggectggtggcccecatetcagtetctgagegtgacctgtacegtgteceggegtgtee
ctgectgactatggegtgtectggatcagacagecceccagaaagggectggaatggetgggagtgatetgggecagegaga
caacctactacaacagcgccctgaagtccecggetgaccatcatcaaggacaactccaagagecaggtgttcctgaagatgaac

agcctgcagaccgacgacaccgccatctactactgecgecaageactactactacggeggeagetacgecatggactactggg

gccagggcacaagegtgaccgtgtctage

SEQ ID NO: 108 (FMC63 Vn)
EVKLQESGPGLVAPSQSLSVTCTVSGVSLPDYGVSWIRQPPRKGLEWLGVIWGSE
TTYYNSALKSRLTIHKDNSKSQVFLKMNSLQTDDTAIYYCAKHYYYGGSYAMDY
WGQGTSVTVSS

GS linker between Vu domain and estrogen receptor alpha ligand binding domain

ggatcc

GS linker between VH domain and estrogen receptor alpha ligand binding domain
GS

SEQ ID NO: 109 (Estrogen receptor alpha ligand binding domain) (sequence
encoding hinge underlined, sequence encoding helix 12 in bold)

gatagaagaggcggcagaatgctegaaacacaagecggcagagggacgacggooaagecagaggcgaagtoggoatctecce

gcgatatgagagecgecaacctgtggectagececectgatgatcaageggageaagaagaactecctggeectgagectgac

cgccgaccagatggtgtetgeectgetggatgeegagecccccatectgtacagecgagtacgaceecaccagaccecttcageg

aggccagcatgatgggcctgctgaccaacctggecgaccgggaactggtgcacatgatcaactgggccaagegggtecceg
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gcttcgtggatetgacactgecacgaccaggtgeacctgetggaatgegettggetggaaatectgatgatcggectegtgtggeg
gagcatggaacaccctggcaagetgcetgttcgecceccaacctgetgetggaccggaaccagggcaaatgegtggaaggceatg
gtggaaatcttcgacatgetgctggecaccteccagecggttccggatgatgaacctgecagggegaagagticgtgtgtetgaagt
ccatcatcctgetgaatageggegtgtacaccttcctgagecageaccctgaaaagectggaagaaaaggaccacatccaccgg
gtgetggacaagatcaccgacaccctgattcacctgatggecaaggecggactgacectgeageageageatcagagactgg
ctcagetgcetgetgatectgteccacatccggeacatgageaacaageggatggaacatetgtacageatgaagtgcaagaacg
tggtgcctetgttcgatetgetgetggaaatgetggacgeccacaggetgeacgecccaacatee

SEQ ID NO: 110 (Estrogen receptor alpha ligand binding domain) (hinge
underlined, helix 12 in bold)

DRRGGRMLKHKRQRDDGEGRGEVGSAGDMRAANLWPSPLMIKRSKKNSILALS
LTADQMVSALLDAEPPILYSEYDPTRPFSEASMMGLLTNLADRELVHMINWAKR
VPGFVDLTLHDQVHLLECAWLEILMIGLVWRSMEHPGKLLFAPNLLLDRNQGKC
VEGMVEIFDMLLATSSRFRMMNLQGEEFVCLKSIHLLNSGVYTFLSSTLKSLEEKD
HIHRVLDKITDTLIHLMAKAGLTLQQQHQRLAQLLLILSHIRHMSNKRMEHLY'S
MKCKNVVPLFDLLLEMLDAHRLHAPTS

GS-linker between estrogen receptor alpha ligand binding domain and CDS8 alpha
hinge region

ggatcc

GS-linker between estrogen receptor alpha ligand binding domain and CDS8 alpha
hinge region
GS

SEQ ID NO: 111 (CD8 alpha hinge)

accacgacgccagegecgegaccaccaacaccggegeccaccatcgegtegeageccctgteectgegeccagaggegte

ccggecageggegggegocgcagtgeacacgagggggctggacttecgectgtgatatctacatctgggegecettggeegg
gacttgtggggtccttctectgtcactggttatcacectttactge

SEQ ID NO: 112 (CD8 alpha hinge)
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TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFAC

SEQ ID NO: 113 (CD8 alpha transmembrane domain)
gatatctacatctgggcgeccttggecgggacttgtggggtecttctectgtcactggttatcaccctttactge

SEQ ID NO: 114 (CD8 alpha transmembrane domain)
DIYIWAPLAGTCGVLLLSLVITLYC

SEQ ID NO: 115 (4-1BB costimulatory domain)
aaacggggcagaaagaaactcctgtatatattcaaacaaccatttatgagaccagtacaaactactcaagaggaagatggctgta

getgecgatttccagaagaagaagaaggaggatgtgaa

SEQ ID NO: 116 (4-1BB costimulatory domain)
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCE

SEQ ID NO: 117 (CD3 zeta signaling domain)

ctgagagtgaagttcagcaggagcgcagacgeccccgegtaccagecagggecagaaccagetctataacgagetcaatctag
gacgaagagaggagtacgatgttttggacaagagacgtggecgggaccetgagatggggggaaagecgagaaggaagaac
cctcaggaaggcctgtacaatgaactgcagaaagataagatggeggaggectacagtgagattgggatgaaaggegagegee
ggaggggcaaggggcacgatggcectttaccagggtetcagtacagecaccaaggacacctacgacgeccttcacatgecagge

cctgeeecctege

SEQ ID NO: 118 (CD3 zeta signaling domain)
LRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

Example 14 — LBD-ECD reduces backeround localization of the CAR to the cell surface

in the absence of ligand

Primary human T cells were transduced with lentiviral vectors encoding the
CC.v2 or LBD ECD.v1 construct as indicated. Cells were left un-treated or treated with

500 ng/mL of 4-OHT. Duration of treatment was as shown in Figure 14. Cells were
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subsequently stained for surface expression of the chimeric recptor using anti-Myc
AlexaFluor 647 antibody.

Placement of the LBD to the extracellular portion of the CAR reduces the
background levels of CAR surface expression when the ligand has not been added,
relative to when the LBD is placed in the intracellular portion of the CAR (Figure 14).
Both v2 CAR and ECD.v1 were expressed on the surface of cells when 500 ng/ml of 4-
OHT was added.

Example 15 — LBD-ECD CAR kills cells in a drug dependent manner

Primary human T cells were transduced with lentiviral vectors encoding the LBD
ECD.v1 or control CAR construct as indicated. T cells were allowed to rest after
expansion and subsequently co-cultured with luciferase expressing Nalmé6 tumor cells at
an effector:target ratio shown in Figure 15. After 24 hours of co-culture the cells were
lysed and luciferase substrate added to quantify the number of surviving tumor cells.

LBD ECD.vl CAR kills cells in a drug dependent manner. The addition of
increasing amounts of 4-OHT leads to greater levels of cell lysis (approximately 50%

lysis at 500 ng/mL 4-OHT) (Figure 15).

Example 16 — LBD-ECD CAR is localized intracellularly in activated T cells

Primary human T cells were transduced with lentiviral vectors encoding the
LBD_ ECD, CC.v2, or constitutive control CAR construct as indicated. After cells had
rested, cells were re-stimulated with aCD3/aCD28 dynabeads for 48 hours. Cells were
subsequently stained with anti-Myc antibody to detect surface expression of the CAR,
and analyzed via flow cytometry.

CARs with an extracellular LBD (LBD ECD v1) are localized intracellularly in T
cells that are activated when exposed to a CD3/CD28 beads. CARs with an intracellular
LBD (v2 CAR) show some localization to the cell surface in activated T cells (Figure
16).

Example 17 — ECD.vl CAR (LBD ECD) produces cytokine IL-2

IL-2 production from the ECD.vl CAR T cells was compared to the conventional

CAR+ control after overnight co-culture of CAR-bearing T cells with NALM-6 targets in
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the presence (500 ng/mL) or absence of 4-hydroxytamoxifen (Figure 16). 1L-2
production from the ECD.v1 CAR receptor (Figure 13) was comparable to the
conventional CAR control, dependent upon 4-hydroxytamoxifen, and undetectable in the

absence of drug.

OTHER EMBODIMENTS
It is to be understood that while the invention has been described in conjunction
with the detailed description thereof, the foregoing description is intended to illustrate
and not limit the scope of the invention, which is defined by the scope of the appended
claims. Other aspects, advantages, and modifications are within the scope of the

following claims.
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WHAT IS CLAIMED IS:

1. A multi-chain chimeric antigen receptor, comprising at least one first
polypeptide wherein at least one first polypeptide comprises:

an extracellular ligand binding domain;

a transmembrane domain; and

a hormone receptor ligand binding domain;

wherein:

the transmembrane domain and the hormone receptor ligand binding domain
directly abut each other or are separated by 1 to 700 amino acids; and

the transmembrane domain and the hormone receptor ligand binding domain are
not both present in the same endogenous single-chain polypeptide in a mammal; and

wherein the hormone receptor ligand binding domain is a ligand binding domain

from a nuclear hormone receptor.

2. The multi-chain chimeric antigen receptor of claim 1, wherein the extracellular

ligand binding domain is an extracellular antigen-binding domain.

3. The multi-chain chimeric antigen receptor of claim 2, wherein the extracellular
antigen-binding domain is selected from the group consisting of: a scFv, a (scFv)», a VyH

domain, and a VNar domain.

4. The multi-chain chimeric antigen receptor of claim 2 or 3, wherein the

extracellular antigen-binding domain binds specifically to two different antigens.

5. The multi-chain chimeric antigen receptor of claim 2 or 3 wherein the
extracellular antigen-binding domain binds specifically to a single antigen such as a
tumor antigen selected from the group consisting of: CD19, WT-1, CD22, L1-CAM,
ROR-1, CD30, CD125, AFP, CEA, ETA, MAGE, and MUCI16.
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6. The multi-chain chimeric antigen receptor of claim 1, wherein the
transmembrane domain is a transmembrane domain from: o chain of a T cell receptor, 3
chain of the T cell receptor, { chain of the T cell receptor, CD28, CD3¢, CD35, CD3y,
CD33, CD37, CD64, CD80, CD45, CD4, CDS5, CD8a, CD9, CD16, CD22, CDS6,
CD134, CD137, or CD154.

7. The multi-chain chimeric antigen receptor of claim 1, wherein the hormone
receptor ligand binding domain is an extracellular hormone receptor ligand binding

domain.

8. The multi-chain chimeric antigen receptor of claim 1 or 7, wherein the
hormone receptor ligand binding domain is a ligand binding domain from an estrogen

receptor, a progesterone receptor, or an androgen receptor.

9. The multi-chain chimeric antigen receptor of claim 1 or 7, wherein the
hormone receptor ligand binding domain is a ligand binding domain from an estrogen

receptor.

10. The multi-chain chimeric antigen receptor of claim 1, wherein the at least one
polypeptide further comprises:
a costimulatory domain; and

an immunoreceptor tyrosine-based activation motif (ITAM).

11. The multi-chain chimeric antigen receptor of claim 10, wherein the
costimulatory domain is a cytoplasmic costimulatory domain from CD27, CD28, 4-1BB,
0X40, CD30, CD40L, CD40, PD-1, PD-L1, ICOS, LFA-1, CD2, CD7, CD160, LIGHT,

BTLA, TIM3, CD244, CD80, LAG3, NKG2C, and B7-H3, in particular 4-1BB or CD28.

12. The multi-chain chimeric antigen receptor of claims 2-11, wherein:
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(1)

(i)

(iii)

(iv)

when going in the N-terminal to C-terminal direction, the at least one first
polypeptide comprises the extracellular antigen-binding domain, the
extracellular hormone receptor ligand binding domain, the transmembrane
domain, the intracellular costimulatory domain, if present, and the ITAM,
if present;

when going in the C-terminal to N-terminal direction, the at least one first
polypeptide comprises the extracellular antigen-binding domain, the
extracellular hormone receptor ligand binding domain, the transmembrane
domain, the intracellular costimulatory domain, if present, and the ITAM,
if present;

when going in the N-terminal to C-terminal direction, the at least one first
polypeptide comprises the extracellular hormone receptor ligand binding
domain, the extracellular antigen-binding domain, the transmembrane
domain, the intracellular costimulatory domain, if present, and the ITAM,
if present;

when going in the C-terminal to N-terminal direction, the at least one first
polypeptide comprises the extracellular hormone receptor ligand binding
domain, the extracellular antigen-binding domain, the transmembrane
domain, the intracellular costimulatory domain, if present, and the ITAM,

if present.

13. A nucleic acid comprising a nucleotide sequence that encodes the multi-chain

chimeric antigen receptor of any one of claims 1-12, or a set of nucleotides that together

encode the multi-chain chimeric antigen receptor of any one of claims 1-12.

14. A vector comprising the nucleic acid of claim 13.

15. An isolated mammalian cell comprising the nucleic acid or set of nucleic acids

of claim 13 or the vector of claim 14.
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16. The mammalian cell of claim 15, wherein the mammalian cell is a T cell.

17. An in vitro method of inducing the plasma membrane localization of a single-
chain chimeric polypeptide in a mammalian cell, the method comprising:

contacting a mammalian cell expressing a single-chain chimeric polypeptide of
any one of claims 1-12 with an amount of a hormone or a hormone analogue sufficient to
induce localization of the single-chain chimeric polypeptide to the extracellular side of

the plasma membrane of the cell.

18. The method of claim 17, wherein the mammalian cell is a T cell.

19. Use of a mammalian cell expressing a multi-chain chimeric antigen receptor
of any one of claims 1-12, in the manufacture of a medicament for treating cancer in a

subject, wherein the antigen binding domain binds specifically to an antigen expressed by

the cancer in the subject.
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