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ANTI-DLL3 CHIMERIC ANTIGEN RECEPTORS AND USES THEREOF

FIELD OF THE INVENTION

The present invention relates to chimeric antigen receptors (CARs) targeting
DLL3 and binding proteins specific for DLL3. The present invention also concerns
nucleic acid sequences encoding the CARs or the binding proteins, modified immune
cells expressing the CARs, as well as their uses for treating DLL3 associated
disorders.

BACKGROUND

Advances in cellular immunotherapy have provided a promising approach for the
treatment of various tumors. One such treatment involves genetic engineering of
immune cells, particularly T cells, to express chimeric antigen receptors (CARs) on
the cell surface. Chimeric antigen receptors are proteins which, in their usual format,
graft the specificity of a monoclonal antibody (mAb) to the effector function of a T
cell. Once the CARs are expressed in a T cell, the CAR modified T cell (CAR-T or
CAR-T cell) acquires some properties, such as antigen specific recognition, antitumor
reactivity and proliferation, and thus can act as “living drugs” to eradicate targeted
tumor cells. In principal, any antigens (e.g., cell surface molecules) can be targeted by
these CAR-T cells. CAR-T cell therapy can override tolerance to self-antigens and
provide a treatment which is not reliant on the MHC status of a patient. Using T cells
engineered to express chimeric antigen receptors targeting CD19, recent trials have
demonstrated remarkable clinical responses in leukaemia and lymphoma patients.

CARs are expressed as transmembrane proteins, including an antigen-specific
binding site, a transmembrane region, and a signaling cytoplasmic domain (e.g., a
CD3{ chain). The antigen-specific binding site is wusually a monoclonal
antibody-derived single chain variable fragment (scFv) consisting of a heavy and light
chain joined by a flexible linker. Recently CAR constructs have incorporated
additional cytoplasmic domains from co-stimulatory molecules such as CD28 or 4-1
BB to enhance T cell survival in vivo. Other genetic modifications have also been
made to CARs, e.g. the addition of cytokine genes or genes to avoid
immunosuppressive mechanisms at the tumor site.

DLL3 (delta-like ligand 3) protein has been found to be clinically associated with
various proliferative disorders, including tumors exhibiting neuroendocrine features,
such as small-cell lung cancer (SCLC). SCLC, originating from neuroendocrine
progenitor cells, comprises approximately 15% of all lung cancers, and has one of the
lowest 5-year survival rates at 6% (Alvarado-Luna et al., 2016, Transl Lung Cancer
Res 5:26-38; Siegel et al., 2017, CA Cancer J Clin 67:7-30). This is because it is
highly aggressive, with about two-thirds of patients having metastatic diseases at
diagnosis, and is highly refractory to conventional treatment (e.g., platinum-based
chemotherapy).

There is a need for improved therapeutic approaches to treat SCLC and other
DLL3-expressing cancers.
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SUMMARY

In one aspect, the present disclosure provides a chimeric antigen receptor (CAR)
targeting DLL3 (anti-DLL3 CAR). The anti-DLL3 CAR comprises a DLL3 binding
domain, wherein the DLL3 binding domain comprises or is derived from a single
domain antibody (sdAb) or a single chain variable fragment (scFv).

In some embodiments, the sdAb comprises a polypeptide that comprises a CDR1
comprising the amino acid sequence of any one of SEQ ID NOs: 1-81 or a variant
thereof comprising up to about 3 amino acid substitutions in the CDR1, a CDR2
comprising the amino acid sequence of any one of SEQ ID NOs: 82-162 or a variant
thereof comprising up to about 3 amino acid substitutions in the CDR2, and a CDR3
comprising the amino acid sequence of any one of SEQ ID NOs: 163-243 or a variant
thereof comprising up to about 3 amino acid substitutions in the CDR3.

In some embodiments, the sdAb comprises a polypeptide that comprises a CDR1
comprising the amino acid sequence of any one of SEQ ID NOs: 1-81, a CDR2
comprising the amino acid sequence of any one of SEQ ID NOs: 82-162 and a CDR3
comprising the amino acid sequence of any one of SEQ ID NOs: 163-243, or a variant
of the polypeptide comprising up to about 3 amino acid substitutions in the CDR1,
CDR2 and CDR3.

In some embodiments, the sdAb comprises a polypeptide comprising any one of
the following:

(1) a CDR1 comprising the amino acid sequence of SEQ ID NO: 6, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 87, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 168, or a variant thereof comprising up to about 3 amino acid substitutions;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 102, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 183, or a variant thereof comprising up to about 3 amino acid substitutions;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 105, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 186, or a variant thereof comprising up to about 3 amino acid substitutions;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 108, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 189, or a variant thereof comprising up to about 3 amino acid substitutions;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 115, or a variant thereof comprising up to about
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3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 196, or a variant thereof comprising up to about 3 amino acid substitutions;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 120, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 201, or a variant thereof comprising up to about 3 amino acid substitutions;

(7) a CDR1 comprising the amino acid sequence of SEQ ID NO: 7, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 88, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 169, or a variant thereof comprising up to about 3 amino acid substitutions;

(8) a CDR1 comprising the amino acid sequence of SEQ ID NO: 8, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 89, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 170, or a variant thereof comprising up to about 3 amino acid substitutions; or

(9) a CDR1 comprising the amino acid sequence of SEQ ID NO: 9, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 90, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 171, or a variant thereof comprising up to about 3 amino acid substitutions.

In some embodiments, the sdAb comprises a polypeptide comprising any one of
the following:

(1) a CDRI1 comprising the amino acid sequence of SEQ ID NO: 6; a CDR2
comprising the amino acid sequence of SEQ ID NO: 87; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 168;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21; a CDR2
comprising the amino acid sequence of SEQ ID NO: 102; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 183;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24; a CDR2
comprising the amino acid sequence of SEQ ID NO: 105; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 186;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27; a CDR2
comprising the amino acid sequence of SEQ ID NO: 108; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 189;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 115; and a CDR 3 comprising
the amino acid sequence of SEQ ID NO: 196;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39; a CDR2
comprising the amino acid sequence of SEQ ID NO: 120; and a CDR 3 comprising
the amino acid sequence of SEQ ID NO: 201;

(7) a CDR1 comprising the amino acid sequence of SEQ ID NO: 7; a CDR2
comprising the amino acid sequence of SEQ ID NO: 88; and a CDR 3 comprising the
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amino acid sequence of SEQ ID NO: 169;

(8) a CDRI1 comprising the amino acid sequence of SEQ ID NO: §; a CDR2
comprising the amino acid sequence of SEQ ID NO: 89; and a CDR 3 comprising the
amino acid sequence of SEQ ID NO: 170; or

(9) a CDR1 comprising the amino acid sequence of SEQ ID NO: 9; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 90; and a CDR 3 comprising the
amino acid sequence of SEQ ID NO: 171.

In some embodiments, the sdAb is a camel sdAb raised against human or rhesus
DLL3.

In some embodiments, the sdAb comprises an amino acid sequence having at
least about 95% sequence identity to the amino acid sequence of any one of SEQ ID
NOs: 274-354.

In some embodiments, the sdAb is humanized through CDR grafting.

In some embodiments, the humanized sdAb comprises an amino acid sequence
having at least about 95% sequence identity to the amino acid sequence of any one of
SEQ ID NOs: 355-367.

In some embodiments, the scFv comprises a heavy chain variable region (VH)
and a light chain variable region (VL), wherein the VH domain of the scFv comprises
a CDRI1 set forth in SEQ ID NO: 498 or 504 or a variant thereof comprising up to
about 3 amino acid substitutions in the CDR1, a CDR2 set forth in SEQ ID NO: 499
or 505 or a variant thereof comprising up to about 3 amino acid substitutions in the
CDR2, and a CDR3 set forth in SEQ ID NO: 500 or 506 or a variant thereof
comprising up to about 3 amino acid substitutions in the CDR3, and the VL domain of
the scFv comprises a CDRI1 set forth in SEQ ID NO: 495 or 501 or a variant thereof
comprising up to about 3 amino acid substitutions in the CDR1, a CDR2 set forth in
SEQ ID NO: 496 or 502 or a variant thereof comprising up to about 3 amino acid
substitutions in the CDR2, and a CDR3 set forth in SEQ ID NO: 497 or 503 or a
variant thereof comprising up to about 3 amino acid substitutions in the CDR3.

In some embodiments, the VH domain of the scFv comprises a CDR1 set forth in
SEQ ID NO: 498, a CDR2 set forth in SEQ ID NO: 499, and a CDR3 set forth in SEQ
ID NO: 500, and the VL domain of the scFv comprises a CDR1 set forth in SEQ ID
NO: 495, a CDR2 set forth in SEQ ID NO: 496, and a CDR3 set forth in SEQ ID NO:
497; or the VH domain of the scFv comprises a CDR1 set forth in SEQ ID NO: 504, a
CDR2 set forth in SEQ ID NO: 505, and a CDR3 set forth in SEQ ID NO: 506, and
the VL domain of the scFv comprises a CDR1 set forth in SEQ ID NO: 501, a CDR2
set forth in SEQ ID NO: 502, and a CDR3 set forth in SEQ ID NO: 503.

In some embodiments, the VH domain of the scFv comprises an amino acid
sequence having at least about 95% sequence identity to the amino acid sequence set
forth in SEQ ID NO: 508, and the VL domain of the scFv comprises an amino acid
sequence having at least about 95% sequence identity to the amino acid sequence set
forth in SEQ ID NO: 507; or the VH domain of the scFv comprises an amino acid
sequence having at least about 95% sequence identity to the amino acid sequence set
forth in SEQ ID NO: 510, and the VL domain of the scFv comprises an amino acid
sequence having at least about 95% sequence identity to the amino acid sequence set
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forth in SEQ ID NO: 509.

In some embodiments, the scFv is obtained from a synthetic human Fab phage
library.

In some embodiments, the DLL3 is human or rhesus DLL3.

In some embodiments, the anti-DLL3 CAR comprises, from N-terminus to
C-terminus, a signal peptide, the DLL3 binding domain, a hinge domain, a
transmembrane domain, and an intracellular signaling domain.

In some embodiments, the intracellular signaling domain is derived from CD3(,
FcRy, FcRp, CD3y, CD38, CD3e, CDS, CD22, CD79a, CD79b, or CD66d.

In some embodiments, the intracellular signaling domain further comprises an
intracellular co-stimulatory sequence.

In some embodiments, the intracellular co-stimulatory sequence is derived from
a co-stimulatory molecule selected from the group consisting of CD27, CD28, 4-1BB,
0X40, CD40, PD-1, LFA-1, ICOS, CD2, CD7, LIGHT, NKG2C, B7-H3, TNFRSF9,
TNFRSF4, TNFRSF8, CD40LG, ITGB2, KLRC2, TNFRSF18, TNFRSF14, HAVCRI1,
LGALS9, DAP10, DAP12, CD83, ligands of CD83 and combinations thereof.

In some embodiments, the CAR comprises an amino acid sequence having at
least about 95% sequence identity to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 476-484, SEQ ID NOs: 485-494 or SEQ ID NOs:
515-516.

In some embodiments, the DLL3 binding domain comprises two sdAbs linked to
each other.

In some embodiments, each of the sdAbs independently comprises an amino acid
sequence having at least about 95% sequence identity to SEQ ID NO:356 or SEQ ID
NO:366.

In some embodiments, the CAR comprises an amino acid sequence having at
least about 95% sequence identity to an amino acid sequence selected from the group
consisting of SEQ ID NOs: 518-520.

In some embodiments, the CAR comprises an amino acid sequence of SEQ ID
NO: 520.

In another aspect, the present disclosure provides a DLL3 binding protein
comprising a single domain antibody (sdAb) moiety that specifically binds to DLL3,
wherein the sdAb moiety comprises a polypeptide that comprises a CDR1 comprising
the amino acid sequence of any one of SEQ ID NOs: 1-81 or a variant thereof
comprising up to about 3 amino acid substitutions in the CDR1, a CDR2 comprising
the amino acid sequence of any one of SEQ ID NOs: 82-162 or a variant thercof
comprising up to about 3 amino acid substitutions in the CDR2, and a CDR3
comprising the amino acid sequence of any one of SEQ ID NOs: 163-243 or a variant
thereof comprising up to about 3 amino acid substitutions in the CDR3.

In some embodiments, the sdAb moiety comprises a polypeptide that comprises
a CDRI1 comprising the amino acid sequence of any one of SEQ ID NOs: 1-81, a
CDR2 comprising the amino acid sequence of any one of SEQ ID NOs: 82-162 and a
CDR3 comprising the amino acid sequence of any one of SEQ ID NOs: 163-243, or a
variant of the polypeptide comprising up to about 3 amino acid substitutions in the
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CDR1, CDR2 and CDR3.

In some embodiments, the sdAb moiety comprises a polypeptide comprising any
one of the following:

(1) a CDR1 comprising the amino acid sequence of SEQ ID NO: 6, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR 2 comprising the
amino acid sequence of SEQ ID NO: 87, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 168, or a variant thereof comprising up to about 3 amino acid substitutions;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 102, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 183, or a variant thereof comprising up to about 3 amino acid substitutions;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 105, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 186, or a variant thereof comprising up to about 3 amino acid substitutions;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 108, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 189, or a variant thereof comprising up to about 3 amino acid substitutions;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 115, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 196, or a variant thereof comprising up to about 3 amino acid substitutions;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 120, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 201, or a variant thereof comprising up to about 3 amino acid substitutions;

(7) a CDR1 comprising the amino acid sequence of SEQ ID NO: 7, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 88, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 169, or a variant thereof comprising up to about 3 amino acid substitutions;

(8) a CDR1 comprising the amino acid sequence of SEQ ID NO: 8§, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR 2 comprising the
amino acid sequence of SEQ ID NO: 89, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 170, or a variant thereof comprising up to about 3 amino acid substitutions; or

(9) a CDR1 comprising the amino acid sequence of SEQ ID NO: 9, or a variant
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thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 90, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 171, or a variant thereof comprising up to about 3 amino acid substitutions.

In some embodiments, the sdAb moiety comprises a polypeptide comprising any
one of the following:

(1) a CDRI1 comprising the amino acid sequence of SEQ ID NO: 6; a CDR2
comprising the amino acid sequence of SEQ ID NO: 87; and a CDR 3 comprising the
amino acid sequence of SEQ ID NO: 168;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 102; and a CDR 3 comprising
the amino acid sequence of SEQ ID NO: 183;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24; a CDR2
comprising the amino acid sequence of SEQ ID NO: 105; and a CDR 3 comprising
the amino acid sequence of SEQ ID NO: 186;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 108; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 189;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34; a CDR2
comprising the amino acid sequence of SEQ ID NO: 115; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 196;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39; a CDR2
comprising the amino acid sequence of SEQ ID NO: 120; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 201;

(7) a CDRI1 comprising the amino acid sequence of SEQ ID NO: 7; a CDR2
comprising the amino acid sequence of SEQ ID NO: 88; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 169;

(8) a CDR1 comprising the amino acid sequence of SEQ ID NO: §; a CDR2
comprising the amino acid sequence of SEQ ID NO: 89; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 170; or

(9) a CDRI1 comprising the amino acid sequence of SEQ ID NO: 9; a CDR2
comprising the amino acid sequence of SEQ ID NO: 90; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 171.

In some embodiments, the sdAb moiety is a camel sdAb raised against human or
rhesus DLL3.

In some embodiments, the sdAb moiety comprises an amino acid sequence
having at least about 95% sequence identity to the amino acid sequence of any one of
SEQ ID NOs: 274-354.

In some embodiments, the sdAb moiety is humanized through CDR grafting.

In some embodiments, the humanized sdAb comprises an amino acid sequence
having at least about 95% sequence identity to the amino acid sequence of any one of
SEQ ID NOs: 355-367.

In some embodiments, the DLL3 is human or rhesus DLL3.

In another aspect, the present disclosure provides a DLL3 binding protein
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comprising a single chain variable fragment (scFv) moiety that specifically binds to
DLL3, wherein the scFv moiety comprises a heavy chain variable region (VH) and a
light chain variable region (VL), wherein the VH domain of the scFv moiety
comprises a CDR1 set forth in SEQ ID NO: 498 or 504 or a variant thereof
comprising up to about 3 amino acid substitutions in the CDR1, a CDR2 set forth in
SEQ ID NO: 499 or 505 or a variant thereof comprising up to about 3 amino acid
substitutions in the CDR2, and a CDR3 set forth in SEQ ID NO: 500 or 506 or a
variant thereof comprising up to about 3 amino acid substitutions in the CDR3, and
the VL domain of the scFv moiety comprises a CDR1 set forth in SEQ ID NO: 495 or
501 or a variant thereof comprising up to about 3 amino acid substitutions in the
CDR1, a CDR2 set forth in SEQ ID NO: 496 or 502 or a variant thereof comprising
up to about 3 amino acid substitutions in the CDR2, and a CDR3 set forth in SEQ ID
NO: 497 or 503 or a variant thereof comprising up to about 3 amino acid substitutions
in the CDR3.

In some embodiments, the scFv moiety comprises a heavy chain variable region
(VH) and a light chain variable region (VL), wherein the VH domain of the scFv
moiety comprises a CDR1 set forth in SEQ ID NO: 498, a CDR2 set forth in SEQ ID
NO: 499, and a CDR3 set forth in SEQ ID NO: 500, and the VL domain of the scFv
moiety comprises a CDRI set forth in SEQ ID NO: 495, a CDR2 set forth in SEQ ID
NO: 496, and a CDR3 set forth in SEQ ID NO: 497; or the VH domain of the scFv
moiety comprises a CDR1 set forth in SEQ ID NO: 504, a CDR2 set forth in SEQ ID
NO: 505, and a CDR3 set forth in SEQ ID NO: 506, and the VL domain of the scFv
moiety comprises a CDR1 set forth in SEQ ID NO: 501, a CDR2 set forth in SEQ ID
NO: 502, and a CDR3 set forth in SEQ ID NO: 503.

In some embodiments, the VH domain of the scFv moiety comprises an amino
acid sequence having at least about 95% sequence identity to the amino acid sequence
set forth in SEQ ID NO: 508, and the VL domain of the scFv moiety comprises an
amino acid sequence having at least about 95% sequence identity to the amino acid
sequence set forth in SEQ ID NO: 507; or the VH domain of the scFv moiety
comprises an amino acid sequence having at least about 95% sequence identity to the
amino acid sequence set forth in SEQ ID NO: 510, and the VL domain of the scFv
moiety comprises an amino acid sequence having at least about 95% sequence
identity to the amino acid sequence set forth in SEQ ID NO: 509.

In some embodiments, the scFv moiety is obtained from a synthetic human Fab
phage library.

In some embodiments, the DLL3 is human or rhesus DLL3.

In another aspect, the present disclosure provides an isolated nucleic acid
molecule encoding an anti-DLL3 CAR or a DLL3 binding protein as described above.

In some embodiments, the isolated nucleic acid molecule comprises a
polynucleotide sequence selected from the group consisting of SEQ ID NOs: 368-448
which encodes a camel single domain antibody (sdAb).

In some embodiments, the isolated nucleic acid molecule comprises a
polynucleotide sequence selected from the group consisting of SEQ ID NOs: 449-461
which encodes a humanized camel sdAb.
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In some embodiments, the isolated nucleic acid molecule comprises a
polynucleotide sequence selected from the group consisting of SEQ ID NOs: 511-514
which encodes a VL or VH domain of a human scFv.

In some embodiments, the nucleic acid molecule further comprises a
polynucleotide sequence encoding a Chimeric Switch Receptor (CSR) or a Dominant
Negative Receptor (DNR).

In some embodiments, the nucleic acid molecule further comprises a
polynucleotide sequence encoding a PD-1 Dominant Negative Receptor (PD-1 DNR),
a PD-1 Chimeric Switch Receptor (PD-1 CSR), or a TGF-p Dominant Negative
Receptor (TGF-f§ DNR).

In some embodiments, the PD-1 DNR comprises an amino acid sequence having
at least about 95% sequence identity to SEQ ID NO: 523.

In some embodiments, the PD-1 CSR comprises an amino acid sequence having
at least about 95% sequence identity to SEQ ID NO: 524.

In some embodiments, the TGF-p DNR comprises an amino acid sequence
having at least about 95% sequence identity to SEQ ID NO: 529.

In some embodiments, the polynucleotide sequence encoding the PD-1 DNR, the
PD-1 CSR or the TGF- DNR is linked to the polynucleotide sequence encoding the
CAR through a polynucleotide sequence encoding a 2A self-cleaving peptide.

In some embodiments, the 2A self-cleaving peptide is a T2A peptide or a P2A
peptide.

In some embodiments, the nucleic acid molecule comprises, in the 5’ to 3’
direction, a polynucleotide sequence encoding the CAR, a polynucleotide sequence
encoding the 2A self-cleaving peptide, and a polynucleotide sequence encoding the
PD-1 DNR, the PD-1 CSR or the TGF- DNR.

In some embodiments, the nucleic acid molecule encoding a peptide having at
least about 95% sequence identity to SEQ ID NO: 521 or 522, or the nucleic acid
molecule encoding a peptide having at least about 95% sequence identity to an amino
acid sequence selected from the group consisting of SEQ ID NOs: 525-528.

In another aspect, the present disclosure provides an expression vector
comprising an isolated nucleic acid molecule as described above.

In another aspect, the present disclosure provides an engineered immune cell
comprising an isolated nucleic acid molecule as described above.

In some embodiments, the engineered immune cell is selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer T cell, ayd T cell, a
NKT cell and a Nature Killer cell.

In another aspect, the present disclosure provides an engineered immune cell
expressing an anti-DLL3 CAR as described above.

In some embodiments, the engineered immune cell also expresses a CSR or a
DNR.

In some embodiments, the CSR is a PD-1 CSR, the DNR is a PD-1 DNR or a
TGF-3 DNR.

In some embodiments, the PD-1 DNR comprises an amino acid sequence having
at least about 95% sequence identity to SEQ ID NO: 523.
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In some embodiments, the PD-1 CSR comprises an amino acid sequence having
at least about 95% sequence identity to SEQ ID NO: 524.

In some embodiments, the TGF-p DNR comprises an amino acid sequence
having at least about 95% sequence identity to SEQ ID NO: 529.

In some embodiments, the CAR and the CSR, or the CAR and the DNR, are
co-expressed through a 2A self-cleaving peptide.

In some embodiments, the 2A self-cleaving peptide is a T2A peptide or a P2A
peptide.

In some embodiments, the engineered immune cell expresses the CAR and the
PD-1 DNR, and is stimulated by a cell expressing DLL3 and PD-L1.

In some embodiments, the engineered immune cell expresses the CAR and the
PD-1 CSR, and is stimulated by a cell expressing DLL3 and PD-L1.

In some embodiments, the engineered immune cell expresses the CAR and the
TGF-B DNR, and is stimulated by a cell expressing DLL3 in the present of TGF-p.

In some embodiments, the engineered immune cell is selected from the group
consisting of a cytotoxic T cell, a helper T cell, a natural killer T cell, ayd T cell, a
NKT cell and a Nature Killer cell.

In another aspect, the present disclosure provides a pharmaceutical composition
comprising an anti-DLL3 CAR, an isolated DLL3 binding protein, an expression
vector, or an engineered immune cell as described above, and a physiologically
acceptable excipient.

In another aspect, the present disclosure provides a method for treating a DLL3
associated disorder in a subject, comprising administrating to the subject a
therapeutically effective amount of engineered immune cells as described above or a
therapeutically effective amount of a pharmaceutical composition as described above.

In another aspect, the present disclosure provides the use of an anti-DLL3 CAR,
an isolated DLL3 binding protein, an expression vector, or an engineered immune cell
as described above for the preparation of a medicament for treating a DLL3
associated disorder.

In another aspect, the present disclosure provides a medicament for use in
treating a DLL3 associated disorder comprising an anti-DLL3 CAR, a DLL3 binding
protein, an expression vector, or an engineered immune cell as described above.

In some embodiments, the DLL3 associated disorder is a cancer selected from
the group consisting of lung cancer, melanoma,
breast cancer, prostate cancer, colon cancer, renal cell carcinoma,
ovarian cancer, neuroblastoma, thabdomyosarcoma, leukemia and lymphoma.

In some embodiments, the cancer expresses DLL3 and PD-L1.

In some embodiments, the cancer has a higher expression level of TGF-§
compared to corresponding normal tissue.

In some embodiments, the DLL3 associated disorder is small cell lung cancer.

BRIEF DESCRIPTION OF THE DRAWINGS
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FIG. 1 shows schematic representation of a VyH based CAR construct.
Sequences which can be used in the construct are listed in SEQ ID NOs: 462-472, 474
and 475.

FIG. 2 shows the results of an in vitro cytotoxicity assay of T cells expressing
exemplary monospecific CARs comprising various camel anti-DLL3 sdAbs against
small cell lung cancer cell line SHP-77 with an E:T of 2: 1 or 5:1. The results for the
CARs are depicted in the order as in the legend shown on the right.

FIG. 3 shows the results of cytokine release levels of T cells expressing
exemplary monospecific CARs comprising various camel anti-DLL3 sdAbs, after
co-incubated with DLL3-expressing tumor cell line SHP-77. IFN-y release levels and
TNF-a release levels (with an E:T of 2: 1 or 5:1) are showed in FIG. 3A and FIG. 3B,
respectively. In each figure, the results for the CARs are depicted in the order as in the
legend shown on the right.

FIG. 4 shows fold expansions of T cells expressing exemplary monospecific
CARs comprising various camel anti-DLL3 sdAbs, after long-term stimulation with
small cell lung cancer cell line SHP-77.

FIG. 5 shows the results of in vivo anti-tumor efficacy of the CAR-T cells
expressing CARs with camel anti-DLL3 sdAbs in a SHP-77 tumor model. In this
model, each mouse was infused with a dose of 1.0 million CAR-T cells.

FIG. 6 shows the results of an in vitro cytotoxicity assay of T cells expressing
exemplary monospecific CARs comprising various humanized camel anti-DLL3
sdAbs against small cell lung cancer cell line SHP-77 (FIG. 6A, 6B) and NCI-H§2
(FIG. 6C, 6D).

FIG. 7 shows the results of cytokine release levels of T cells expressing
exemplary monospecific CARs comprising various humanized camel anti-DLL3
sdAbs after stimulated by SHP-77. IFN-y release levels and TNF-a release levels
(with an E:T of 3: 1 or 10: 1) are showed in FIG. 7A and FIG. 7B, respectively. In each
figure, the results for the CARSs are depicted in the order as in the legend shown on the
right.

FIG. 8 shows fold expansions of T cells expressing exemplary monospecific
CARs comprising various humanized camel anti-DLL3 sdAbs, after long-term
stimulation of with small cell lung cancer cell line SHP-77.

FIG. 9 shows the results of in vivo anti-tumor efficacy of the CAR-T cells
expressing CARs with humanized camel anti-DLL3 sdAbs in a SHP-77 tumor model.
In this model, each mouse was infused with a dose of 0.2 million CAR-T cells. The
results of 9 groups are compared in FIG. 9A. The results of each mouse in each group
are shown in FIG. 9B-9J, respectively.

FIG. 10 shows schematic representation of tandem CAR (FIG. 10A) and
armored CAR constructs (FIG. 10B, C)

FIG. 11 shows comparison results of tandem CAR-T cells and monospecific
CAR-T cells in vitro functional activities by measuring short-term cytotoxicity (FIG.
11A-E,V) and cytokine release (FIG. 11F-K, W-X), and by long-term stimulation
assays (FIG. 11L-U, Y-Z).

FIG. 12 shows in vitro functional comparison results of PD-1 DNR or PD-1 CSR
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armored CAR-T cells and T3 targeting SHP-77 cells (FIG. 12A, B) and
SHP-77/PD-L1, respectively (FIG. 12C, D).

FIG. 13 shows that TGF-B-DNR enhances the in vitro and in vivo anti-tumor
efficacy of DLL3 CAR-T cells. FIG. 13A shows schematic representation of the
TGF-B-DNR armored CARs. FIG. 13B shows the positive ratio of CAR and
TGF-B-DNR on respective CAR-T cells. In vitro anti-tumor efficacy was evaluated in
short-term (FIG. 13C, D) and long-term stimulation assays (FIG. 13E-G). FIG. 13H
shows in vivo anti-tumor efficacy. FIG. 131 shows the pharmacokinetics of CAR-T
cells in the peripheral blood of SHP77 xenograft model after treatment.

DETAILED DESCRIPTION

Unless defined otherwise, technical and scientific terms used herein have the
same meaning as commonly understood by a person of ordinary skill in the art. Any
methods, devices and materials similar or equivalent to those described herein can be
used in the practice of this invention. The following definitions are provided to
facilitate understanding of certain terms used frequently herein and are not meant to
limit the scope of the present disclosure.

The articles “a” and “an” are used herein to refer to one or to more than one (i.e.,
to at least one) of the grammatical object of the article. By way of example, “an
element” means one element or more than one element.

The term “binding protein” as used herein refers to a molecule or a portion of a
molecule which binds a target molecule (e.g., DLL3). In some embodiments, the
binding protein comprises an antibody. In some embodiments, the binding protein
comprises an antigen-binding fragment of an antibody. In some embodiments, the
binding protein can further comprise a small molecular weight component, such as a
small-molecule drug or toxin. The binding protein can also be an antibody or an
antigen-binding fragment thereof. In some embodiments, the binding protein
comprises the ligand-binding domain of a receptor. In some embodiments, the binding
protein comprises the extracellular domain of a transmembrane receptor. The binding
protein can also be the ligand-binding domain of a receptor, or the extracellular
domain of a transmembrane receptor. In some embodiments, the binding protein
comprises a single domain antibody (sdAb) or a single chain variable fragment (scFv).
In some embodiments, the binding protein can be an sdAb or a scFv. A DLL3 binding
protein can be a DLL3 binding domain. In some embodiment, the DLL3 binding
protein comprises an antibody or an antigen-binding fragment of an antibody which
binds DLL3. In some embodiments, the DLL3 binding protein can be an antibody or
an antigen-binding fragment of an antibody. In some embodiments, the DLL3 binding
protein comprises a single domain antibody (sdAb) or a single chain variable
fragment (scFv) which binds DLL3. In some embodiments, the DLL3 binding protein
can be an sdAb or a scFv.

The term “antibody” generally refers to any immunoglobulin (Ig) molecule
comprised of four polypeptide chains, two heavy (H) chains and two light (L) chains,
or any functional fragment thereof, which retains the essential epitope binding
features of the Ig molecule. In a full-length antibody, each heavy chain is comprised
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of a heavy chain variable region (abbreviated herein as HCVR or VH) and a heavy
chain constant region. The heavy chain constant region is comprised of three domains,
CHI, CH2 and CH3. Each light chain is comprised of a light chain variable region
(abbreviated herein as LCVR or VL) and a light chain constant region. The light chain
constant region is comprised of one domain, CL. The VH and VL regions can be
further subdivided into regions of hypervariability, termed complementarity
determining regions (CDR), interspersed with regions that are more conserved,
termed framework regions (FR). Each VH and VL is composed of three CDRs and
four FRs, arranged from amino-terminus to carboxy-terminus in the following order:
FR1, CDR1, FR2, CDR2, FR3, CDR3, FR4. Immunoglobulin molecules can be of
any type (e.g., IgG, IgE, IgM, IgD, IgA and IgY), class (e.g., IgG 1, 1gG2, IgG 3,
1gG4, IgA1l and 1gA2) or subclass. In a broad meaning, the term “antibody” further
refers to scFv or sdAb which is not derived from an immunoglobulin molecule with
four polypeptide chains.

An antibody fragment is a portion of an antibody, for example as F(ab’),, Fab,
Fv, scFv, sdAb, and the like. Functional fragments of a full length antibody retain the
target specificity of a full length antibody. Recombinant functional antibody
fragments, such as scFv (single chain variable chain fragments), have therefore been
used to develop therapeutics as an alternative to therapeutics based on mAbs. scFv
fragments (~25kDa) consist of the two variable domains, VH and VL. Naturally,
VH and VL domains are non-covalently associated via hydrophobic interaction and
tend to dissociate. However, stable fragments can be engineered by linking the
domains with a hydrophilic flexible linker to create a scFv.

As used herein, the term “single domain antibody” (sdAb) has its general
meaning in the art and refers to the single heavy chain variable domain of antibodies
of the type that can be found in Camelid mammals and are naturally devoid of light
chains. Such single-domain antibody is also called VyH or “Nanobody”. The amino
acid sequence and structure of a single-domain antibody can be considered to be
comprised of four framework regions (FR1, FR2, FR3, and FR4), and three
complementary determining regions (CDR1, CDR2, and CDR3). Accordingly, the
single-domain antibody can be defined as an amino acid sequence with the general
structure: FR1-CDR1-FR2-CDR2-FR3-CDR3-FR4, which is similar to variable
domain VH or VL. The use of sdAbs as single antigen-binding proteins or as an
antigen-binding domain in larger proteins or polypeptides offer a number of
significant advantages over the use of conventional antibodies or antibody
fragments(e.g., scFv). The advantages of sdAbs include: only a single domain is
required to bind an antigen with high affinity and with high selectivity; sdAbs are
highly stable to denaturing agents or conditions including heat, pH, and proteases; and
sdAbs can access targets and epitopes not accessible to conventional antibodies.
Typically, sdAbs are produced in camelids such as llamas, but can also be
synthetically generated using techniques that are well known in the art.

As used herein, the term “humanized sdAb” means an sdAb that has had one or
more amino acid residues in the amino acid sequence of the naturally occurring VyH
sequence replaced by one or more of the amino acid residues that occur at the
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corresponding position in a VH domain from a conventional 4-chain antibody from a
human. This can be performed by methods that are well known in the art. For
example, the FRs of the sdAbs can be replaced by human variable FRs. Humanized
sdAbs thus have less antigenicity when administrated into human bodies.

As used herein, the term “heavy chain-only antibody” or “HCADb” refers to a
functional antibody, which comprises heavy chains, but lacks the light chains usually
found in 4-chain antibodies. Camelid animals (such as camels, llamas, or alpacas) are
known to produce HCAbs.

“DLL3”, also known as “delta-like ligand 37, is a transmembrane protein
involved in Notch signaling pathway. The Notch signaling pathway, first identified in
C. elegans and Drosophila and subsequently shown to be evolutionarily conserved
from invertebrates to vertebrates, participates in a series of fundamental biological
processes including normal embryonic development, adult tissue homeostasis, and
stein cell maintenance. In Drosophila, Notch signaling is mediated primarily by one
Notch receptor gene and two ligand genes, known as Serrate and Delta (Wharton et
al., 1985; Rebay et al., 1991). In humans, there are four known Notch receptors and
five DSL (Delta-Serrate LAG2) ligands--two homologs of Serrate, known as Jagged1
and Jagged 2, and three homologs of Delta, termed delta-like ligands or DLL1, DLL3
and DLLA4. In humans, the DLL3 gene is located on chromosome 19q13, and consists
of 8 exons spanning 9.5 kb. Alternate splicing within the last exon gives rise to two
protein isoforms. Both share overall 100% identity across their extracellular domains
and their transmembrane domains, differing only in that the longer isoform contains
an extended cytoplasmic tail.

As used herein, the term “specifically bind” or “specific binding” or any
synonym thereof refers to the ability of a polypeptide, such as a single domain
antibody (sdAb), to specifically recognize and detectably bind, as assayed by standard
in vitro assays, to a DLL3 molecule. For example, binding, as used herein, is
measured by the capacity of an anti-DLL3 polypeptide of the invention to recognize a
DLL3 molecule on the surface of a cell using well described antigen-antibody binding
assays, flow cytometry, and other assays known to those of skill in the art.

As used herein, the term “expression vector” is a nucleic acid construct or
sequence, generated recombinantly or synthetically, with specific nucleic acid
elements that permit transcription and/or expression of another nucleic acid in a host
cell. An expression vector can be part of a plasmid, virus, or nucleic acid fragment. In
one example, an expression vector is a DNA vector, such as a plasmid, that comprises
at least one promoter sequence and at least one terminator sequence (e.g., a
polyadenylation sequence), and optionally an origin of replication (ori) sequence, and
optionally a selection or selectable marker sequence. Optionally, the expression vector
may further comprise at least one nucleotide coding sequence of interest that codes
for at least one polypeptide, wherein the at least one promoter sequence is operably
linked with the at least one coding sequence. The term “expression” includes any step
involved in the production of the polypeptide including, but not limited to,
transcription,  post-transcriptional modification, translation, post-translational
modification, and/or secretion.
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The term “isolated” refers to a material that is substantially or essentially free
from components that normally accompany it in its native state. The material can be a
cell or a macromolecule such as a protein or nucleic acid. For example, an “isolated
nucleic acid,” as used herein, refers to a polynucleotide, which has been purified from
the sequences which flank it in a naturally-occurring state, e.g., a DNA fragment
which has been removed from the sequences that are normally adjacent to the
fragment. Alternatively, an “isolated antibody” or an “isolated polypeptide” and the
like, as used herein, refer to in vitro isolation and/or purification of an antibody or
polypeptide molecule from its natural cellular environment, and from association with
other components of the cell.

“Humanized” forms of non-human (e.g., camelid) antibodies are chimeric
antibodies that contain minimal sequence derived from non-human immunoglobulin.
In some embodiments, a humanized antibody is a human immunoglobulin (recipient
antibody) in which residues from an hypervariable region (HVR) of the recipient are
replaced by residues from an HVR of a non-human species (donor antibody) such as
mouse, rat, rabbit or non-human primate having the desired specificity, affinity,
and/or capacity. In some instances, framework (“FR”) residues of the human
immunoglobulin are replaced by corresponding non-human residues. Furthermore,
humanized antibodies may comprise residues that are not found in the recipient
antibody or in the donor antibody. These modifications may be made to further refine
antibody performance, such as binding affinity. In general, a humanized antibody will
comprise substantially all of at least one, and typically two, variable domains, in
which all or substantially all of the hypervariable loops correspond to those of a
non-human immunoglobulin sequence, and all or substantially all of the FR regions
are those of a human immunoglobulin sequence, although the FR regions may include
one or more individual FR residue substitutions that improve antibody performance,
such as binding affinity, isomerization, immunogenicity, etc. The number of these
amino acid substitutions in the FR is typically no more than 6 in the H chain, and in
the L chain, no more than 3. The humanized antibody optionally will also comprise at
least a portion of an immunoglobulin constant region (Fc), typically that of a human
immunoglobulin. For further details, see, e.g., Jones et al., Nature 321:522-525 (1986);
Riechmann er al., Nature 332:323-329 (1988); and Presta, Curr. Op. Struct. Biol.
2:593-596 (1992). See also, for example, Vaswani and Hamilton, Ann. Allergy,
Asthma & Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions
23:1035-1038 (1995); Hurle and Gross, Curr. Op. Biotech. 5:428-433 (1994); and U.S.
Pat. Nos. 6,982,321 and 7,087,409.

“sequence identity” and “homology” with respect to a peptide, polypeptide or
antibody sequence are defined as the percentage of amino acid residues in a candidate
sequence that are identical with the amino acid residues in the specific peptide or
polypeptide sequence, after aligning the sequences and introducing gaps, if necessary,
to achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Alignment for purposes of
determining percent amino acid sequence identity can be achieved in various ways
that are within the skill in the art, for instance, using publicly available computer
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software such as BLAST, BLAST-2, ALIGN or MEGALIGN™ (DNASTAR)
software. Those skilled in the art can determine appropriate parameters for measuring
alignment, including any algorithms needed to achieve maximal alignment over the
full length of the sequences being compared.

The dissociation constant (Kp or Kq) is used as an indicator showing affinity of
antibodies to antigens. For example, easy analysis is possible by the Scatchard method
using antibodies marked with a variety of marker agents, as well as by using
BiacoreX (made by Amersham Biosciences), which is an over-the-counter, measuring
kit, or similar kit, according to the user's manual and experiment operation method
attached with the kit. The Kp value that can be derived using these methods is
expressed in units of M (Mols).

“Chimeric Switch Receptor (CSR)” as used herein refers to a receptor which is
created to reverse the outcomes of its original signaling pathway in order to confer an
immune cell (e.g., a CAR T cell) with a desired activity, such as, the ability to
overcome the immunosuppressive tumor microenvironment and to allow it to have
greater in vivo persistence. In some embodiments, a CSR can exploit the inhibitory
molecules expressed by a cancer cell to further stimulate the CAR T cell. In a
non-limiting example, a CAR T cell can be engineered to express a CSR composed of
the extracellular ligand binding domain of the human inhibitory receptor programmed
cell death protein 1 (PD-1) fused to the transmembrane and -cytoplasmic
co-stimulatory signaling domains of CD28. When the CAR T cell is administrated
into a subject with a cancer expressing DLL3 and programmed cell death ligand 1
(PD-L1), the expressed CAR can bind to the DLL3 and the expressed switch receptor
can bind to PD-L1. The nature of the PD-1/CD28 chimeric switch receptor fusion
protein prevents the normal PD1/PD-L1-mediated T-cell suppression and, instead,
promotes signaling through the CD28 domain, which results in the stimulation of
the CAR T cell. Thus, exchanging the transmembrane and intracellular domain of
PD-1 with that of CD28 converts PD-L1 into a co-stimulation ligand of the CAR T
cell. This will induce enhanced toxicity against PD-L1-expressing cancer cells. In
other embodiments, a CSR can also be used to inhibit the effects of a CAR T cell on
unintended target cells.

“Dominant Negative Receptor (DNR)” as used herein refers to a receptor which
is able to bind its ligand but will not induce a signaling cascade inside the cell. A
DNR usually has an intact ligand binding region but is missing an intracellular
enzymatic region. It may be a mutated form of a full length receptor or a truncated
form of the receptor. Following CAR T cell immunotherapy, some cancers, especially
solid caners may upregulate inhibitory ligands that bind to inhibitory receptors on
CAR T cells. This adaptive resistance compromises the efficacy of chimeric CAR T
cell therapies. Some cancers, particularly solid cancer, are known to secrete
transforming growth factor p (TGF-P), creating an immunosuppressive milieu. TGF-3
is known to induce or promote metastasis and to potently suppress the immune system.
Therefore, in some embodiments, we use a truncated version of the TGF-B receptor
TGFBRII as a TGF-f DNR to improve the antitumor performance of the CAR T cells
disclosed herein. In some embodiments, the CAR and the TGF-B DNR are
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co-expressed on a T cell’s surface by using a 2A self-cleaving peptide. In some
embodiments, the CAR and the TGF-B DNR are separately expressed on a T cell’s
surface by using two expression vectors. We find TGF- DNR, when introduced into
the anti-DLL3 CAR T cells disclosed herein, is able to enhance the cytotoxicity of the
CAR T cells against some DLL3 positive cancer cells, such as SCLC cells. Similarly,
in some embodiments, we use a truncated version of the PD-1 receptor as a PD-1
DNR to improve the antitumor performance of the CAR T cells disclosed herein.

As used herein, “treatment” or “treating,” includes any beneficial or desirable
effect on the symptoms or pathology of a disease or pathological condition, and may
include even minimal reductions in one or more measurable markers of the disease or
condition being treated, e.g., cancer, autoimmune disease, immune disorder, etc.
Treatment can optionally involve delaying of the progression of the disease or
condition. “Treatment” does not necessarily indicate complete eradication or cure of
the disease or condition, or associated symptoms thereof.

Some aspects of the present invention relate to a DLL3 binding protein, which
has binding specificity for human or rhesus DLL3 protein.

In some embodiments, the DLL3 binding protein comprising a single domain
antibody (“sdAb”) moiety that specifically binds to DLL3, wherein the sdAb moiety
comprises a polypeptide that comprises a CDR1 comprising the amino acid sequence
of any one of SEQ ID NOs: 1-81 or a variant thereof comprising up to about 3 amino
acid substitutions in the CDR1, a CDR2 comprising the amino acid sequence of any
one of SEQ ID NOs: 82-162 or a variant thereof comprising up to about 3 amino acid
substitutions in the CDR2, and a CDR3 comprising the amino acid sequence of any
one of SEQ ID NOs: 163-243 or a variant thereof comprising up to about 3 amino
acid substitutions in the CDR3.

In some embodiments, the sdAb comprises a polypeptide that comprises a CDR1
comprising the amino acid sequence of any one of SEQ ID NOs: 1-81, a CDR2
comprising the amino acid sequence of any one of SEQ ID NOs: 82-162; and a CDR3
comprising the amino acid sequence of any one of SEQ ID NOs: 163-243, or a variant
of the polypeptide comprising up to about 3 amino acid substitutions in the CDR
regions. In some embodiments, the anti-DLL3 antibody is or comprises a single
domain antibody (sdAb), which is produced from camel after been immunized with
human or rhesus DLL3 proteins. In some embodiments, the sdAb comprises a CDR
set (i.e., a combination of CDR1, CDR2, and CDR3) as listed in each row of Table 1.

In some embodiments, the sdAb comprises a polypeptide comprising any one of
the following:

(1) a CDR1 comprising the amino acid sequence of SEQ ID NO: 6, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR 2 comprising the
amino acid sequence of SEQ ID NO: 87, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 168, or a variant thereof comprising up to about 3 amino acid substitutions;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 102, or a variant thereof comprising up to about
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3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 183, or a variant thereof comprising up to about 3 amino acid substitutions;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 105, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 186, or a variant thereof comprising up to about 3 amino acid substitutions;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 108, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 189, or a variant thereof comprising up to about 3 amino acid substitutions;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 115, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 196, or a variant thereof comprising up to about 3 amino acid substitutions;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 120, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 201, or a variant thereof comprising up to about 3 amino acid substitutions;

(7) a CDR1 comprising the amino acid sequence of SEQ ID NO: 7, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 88, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 169, or a variant thereof comprising up to about 3 amino acid substitutions;

(8) a CDR1 comprising the amino acid sequence of SEQ ID NO: 8§, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR 2 comprising the
amino acid sequence of SEQ ID NO: 89, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 170, or a variant thereof comprising up to about 3 amino acid substitutions; or

(9) a CDR1 comprising the amino acid sequence of SEQ ID NO: 9, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 90, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR 3 comprising the amino acid sequence of SEQ
ID NO: 171, or a variant thereof comprising up to about 3 amino acid substitutions.

In some embodiments, the sdAb comprises a polypeptide comprising any one of
the following:

(1) a CDR1 comprising the amino acid sequence of SEQ ID NO: 6; a CDR2
comprising the amino acid sequence of SEQ ID NO: 87; and a CDR 3 comprising the
amino acid sequence of SEQ ID NO: 168;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 102; and a CDR 3 comprising
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the amino acid sequence of SEQ ID NO: 183;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24; a CDR2
comprising the amino acid sequence of SEQ ID NO: 105; and a CDR 3 comprising
the amino acid sequence of SEQ ID NO: 186;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 108; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 189;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34; a CDR2
comprising the amino acid sequence of SEQ ID NO: 115; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 196;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39; a CDR2
comprising the amino acid sequence of SEQ ID NO: 120; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 201;

(7) a CDR1 comprising the amino acid sequence of SEQ ID NO: 7; a CDR2
comprising the amino acid sequence of SEQ ID NO: 88; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 169;

(8) a CDR1 comprising the amino acid sequence of SEQ ID NO: 8; a CDR2
comprising the amino acid sequence of SEQ ID NO: 89; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 170; or

(9) a CDRI1 comprising the amino acid sequence of SEQ ID NO: 9; a CDR2
comprising the amino acid sequence of SEQ ID NO: 90; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 171.

In some embodiments, the sdAb comprises an amino acid sequence having at
least about 95% (e.g., about 96%, 97%, 98%, 99% or 100%) sequence identity to the
amino acid sequence of any one of SEQ ID NOs: 274-354. In some embodiments, the
sdAb comprises the amino acid sequence of any one of SEQ ID NOs: 274-354. In
other embodiments, the sdAb is humanized, and comprises an amino acid sequence
having at least about 95% (e.g., about 96%, 97%, 98%, 99% or 100%) sequence
identity to the amino acid sequence of any one of SEQ ID NOs: 355-367. In some
embodiments, the sdAb comprises the amino acid sequence of any one of SEQ ID
NOs: 355-367. A humanized antibody can be produced using a variety of techniques
known in the art, including but not limited to, CDR-grafting (see, e.g., U.S. Pat. Nos.
5,225,539, 5,530,101, and 5,585,089), veneering or resurfacing (see, e.g., European
Patent Nos. EP 592,106 and EP 519,596), and chain shuffling (see, e.g., U.S. Pat. No.
5,565,332). Generally, during humanization, the CDR residues of a receptor antibody
(e.g., a human antibody) are replaced with CDR residues of a donor antibody (e.g., a
rodent antibody), to retain the antigen-binding specificity while minimizing the in
vivo immunogenicity. Often, framework residues in the framework regions will also
be substituted with the corresponding residue from the donor antibody to alter, for
example improve, antigen binding. These framework substitutions, e.g., conservative
substitutions are identified by methods well-known in the art, e.g., by modeling of the
interactions of the CDR and framework residues to identify framework residues
important for antigen binding and sequence comparison to identify unusual
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framework residues at particular positions. (See, e.g., Queen er al, U.S. Pat. No.
5,585,089; and Riechmann et al., 1988, Nature, 332:323).

In some cases, the sdAb can be fused with a human IgG hinge fragment and a Fc
fragment to form a heave chain antibody (HCADb). In some cases, the sdAb can be
fused with another sdAb or scFv which is specific for an antigen other than DLL3 to
form a bispecific antibody. In some cases, the sdAb can be fused with two or more
sdAbs or scFvs which are specific for an antigen other than DLL3 to form a
multispecific antibody. In other cases, the sdAb can be chemically modified to carry a
drug molecule. Thus the anti-DLL3 sdAb can be used in vivo to lead the drug
molecule to a DLL3-expressing cell.

In some embodiments, the DLL3 binding protein is or comprises a single chain
variable fragment (scFv) that specifically bind DLL3. In some cases, the scFv is
isolated from a synthetic human Fab or scFv phage library through repeated rounds of
phage panning, with each round of panning involving the processes of binding,
removal of nonspecific phages, and the elution and amplification of bound phages for
the next round. In some embodiments, the DLL3 binding protein comprising a scFv
moiety that specifically binds to DLL3, wherein the scFv comprises a heavy chain
variable region (VH) and a light chain variable region (VL), wherein the VH domain
of the scFv comprises CDR1 set forth in SEQ ID NO: 498 or 504, CDR2 set forth in
SEQ ID NO: 499 or 505, and CDR3 set forth in SEQ ID NO: 500 or 506, and the VL
domain of the scFv comprises CDR1 set forth in SEQ ID NO: 495 or 501, CDR2 set
forth in SEQ ID NO: 496 or 502, and CDR3 set forth in SEQ ID NO: 497 or 503. In
some embodiments, the DLL3 binding protein comprising scFv moiety that
specifically binds to DLL3, wherein the scFv comprises a heavy chain variable region
(VH) and a light chain variable region (VL), wherein the VH domain of the scFv
comprises CDR1 set forth in SEQ ID NO: 498, CDR2 set forth in SEQ ID NO: 499,
and CDR3 set forth in SEQ ID NO: 500, and the VL domain of the scFv comprises
CDRI1 set forth in SEQ ID NO: 495, CDR2 set forth in SEQ ID NO: 496, and CDR3
set forth in SEQ ID NO: 497; or the VH domain of the scFv comprises CDR1 set
forth in SEQ ID NO: 504, CDR2 set forth in SEQ ID NO: 505, and CDR3 set forth in
SEQ ID NO: 506, and the VL domain of the scFv comprises CDR1 set forth in SEQ
ID NO: 501, CDR2 set forth in SEQ ID NO: 502, and CDR3 set forth in SEQ ID NO:
503.

In some cases, the scFv can be fused with another sdAb or scFv which is specific
for an antigen other than DLL3 to form a bispecific antibody. In some cases, the scFv
can be fused with two or more sdAbs or scFvs which are specific for an antigen other
than DLL3 to form a multispecific antibody. In other cases, the scFv can be
chemically modified to carry a drug molecule. Thus the anti-DLL3 scFv can be used
in vivo to lead the drug molecule to a DLL3-expressing cell.

Some aspects of the present invention relate to a CAR or a CAR-T cell
comprising a DLL3 binding domain (anti-DLL3 CAR or anti-DLL3 CAR-T cells).

A CAR of the present invention comprises an extracellular domain, a
transmembrane domain and an intracellular domain. In some embodiments, the CAR
further includes a signal peptide at N-terminus, and a hinge region between the
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extracellular domain and the transmembrane domain. The extracellular domain
includes a target-specific binding element (also referred to as an antigen recognition
domain or antigen binding domain). The intracellular domain, or otherwise the
cytoplasmic domain, often includes one or more co-stimulatory signaling domains
and a CD3 ( chain portion. The co-stimulatory signaling domain refers to a portion of
the CAR including the intracellular domain of a co-stimulatory molecule.

Antigen recognition or antigen targeting by a CAR molecule most commonly
involves the use of an antibody or antibody fragment. In accordance with the present
invention, the antigen binding domain is an antibody or antibody fragment that
specifically binds to DLL3. Preferably, the antigen binding domain of the CAR of the
invention is an anti-DLL3 scFv or sdAb as mentioned above.

The transmembrane domain may be derived either from a natural or from a
synthetic source. Where the source is natural, the domain may be derived from any
membrane-bound or transmembrane protein. Transmembrane regions of particular use
in this invention may be derived from (i.e. comprise at least the transmembrane
region(s) of), for example, the alpha, beta or zeta chain of the T-cell receptor, CD8a.
chain.

The intracellular signaling domain of the CAR of the invention is responsible for
activation of at least one of the normal effector functions of an immune cell. The term
“effector function” refers to a specialized function of a cell. Effector function of a T
cell, for example, may be cytolytic activity or helper activity including the secretion
of cytokines. Thus, the term “intracellular domain” refers to the portion of a protein
which transduces the effector function signal and directs the cell to perform a
specialized function. While usually the entire cytoplasmic domain can be employed,
in many cases it is not necessary to use the entire chain. To the extent that a truncated
portion of a cytoplasmic domain is used, such truncated portion may be used in place
of an intact chain as long as it transduces the effector function signal. The term
intracellular domain is thus meant to include any truncated portion of a cytoplasmic
domain sufficient to transduce the effector function signal. Preferred examples of
cytoplasmic domains for use in the CAR of the invention include the cytoplasmic
sequences of the T cell receptor (TCR) and co-receptors that act in concert to initiate
signal transduction following antigen receptor engagement, as well as any derivative
or variant of these sequences and any synthetic sequence that has the same functional
capability. In some embodiments, the intracellular signaling domain is derived from
CD3{, FcRy, FcRp, CD3y, CD38, CD3g, CDS5, CD22, CD79a, CD79b, or CD66d.

Often, signals generated through the TCR alone are insufficient for full
activation of the T cell. Accordingly, a secondary or co-stimulatory signal is used.
Thus, T cell activation can be said to be mediated by two distinct classes of
cytoplasmic signaling sequences: those that initiate antigen-dependent primary
activation through the TCR (primary cytoplasmic signaling sequences) and those that
act in an antigen-independent manner to provide a secondary or co-stimulatory signal
(secondary cytoplasmic signaling sequences). The co-stimulatory signaling sequence
refers to a portion of the CAR including the intracellular domain of a co-stimulatory
molecule. A co-stimulatory molecule is a cell surface molecule other than an antigen
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receptor or their ligands that is required for an efficient response of lymphocytes to an
antigen. Examples of such molecules include CD27, CD28, 4-1BB, 0X40, CD40,
PD-1, LFA-1, ICOS, CD2, CD7, LIGHT, NKG2C, B7-H3, TNFRSF9, TNFRSF4,
TNFRSF8, CD40LG, ITGB2, KLRC2, TNFRSF18, TNFRSF14, HAVCR1, LGALS9,
DAP10, DAP12, CD83, ligands of CD83 and combinations thereof..

The hinge region between the extracellular domain and the transmembrane
domain of the CAR generally means any oligo- or polypeptide that functions to link
the transmembrane domain to the extracellular domain in the polypeptide chain. The
hinge region may be up to 300 amino acids, preferably 2 to 100 amino acids and most
preferably 2 to 10 amino acids.

In addition to the antigen binding domain, transmembrane domain, cytoplasmic
domain, and hinge region, the CAR of the present invention can also include a signal
peptide sequence linked to the N-terminus of the CAR. Signal peptide sequences exist
at the N-terminus of many secretory proteins and membrane proteins, and typically
have a length of 15 to 30 amino acids. Since many of the protein molecules mentioned
above have signal peptide sequences, these signal peptides can be used as a signal
peptide for the CAR of this invention.

In some embodiments, the CAR comprising a DLL3 binding domain, wherein
the DLL3 binding domain comprises or is derived from a single domain antibody
(sdAb) or a single chain variable fragment (scFv).

In some embodiments, the CAR comprising a DLL3 binding domain, wherein
the DLL3 binding domain comprises or is derived from a single domain antibody
(sdAb), wherein the sdAb comprises a CDR1 comprising the amino acid sequence of
any one of SEQ ID NOs: 1-81 or a variant thereof comprising up to about 3 amino
acid substitutions in the CDR1; a CDR2 comprising the amino acid sequence of any
one of SEQ ID NOs: 82-162 or a variant thereof comprising up to about 3 amino acid
substitutions in the CDR2; and a CDR3 comprising the amino acid sequence of any
one of SEQ ID NOs: 163-243 or a variant thereof comprising up to about 3 amino
acid substitutions in the CDR3. In some embodiments, the CAR comprising a DLL3
binding domain, wherein the DLL3 binding domain comprises or is derived from a
single domain antibody (sdAb), wherein the sdAb comprises a CDR1 comprising the
amino acid sequence of any one of SEQ ID NOs: 1-81; a CDR2 comprising the amino
acid sequence of any one of SEQ ID NOs: 82-162; and a CDR3 comprising the amino
acid sequence of any one of SEQ ID NOs: 163-243.

In some embodiments, the CAR comprising a DLL3 binding domain, wherein
the DLL3 binding domain comprises an sdAb comprising any one of the following:

(1) a CDR1 comprising the amino acid sequence of SEQ ID NO: 6, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 87, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 168, or a variant thereof comprising up to about 3 amino acid substitutions;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 102, or a variant thereof comprising up to about
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3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 183, or a variant thereof comprising up to about 3 amino acid substitutions;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 105, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 186, or a variant thereof comprising up to about 3 amino acid substitutions;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 108, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 189, or a variant thereof comprising up to about 3 amino acid substitutions;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 115, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 196, or a variant thereof comprising up to about 3 amino acid substitutions;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 120, or a variant thereof comprising up to about
3 amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ
ID NO: 201, or a variant thereof comprising up to about 3 amino acid substitutions;

(7) a CDR1 comprising the amino acid sequence of SEQ ID NO: 7, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 88, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 169, or a variant thereof comprising up to about 3 amino acid substitutions;

(8) a CDR1 comprising the amino acid sequence of SEQ ID NO: 8§, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 89, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 170, or a variant thereof comprising up to about 3 amino acid substitutions; or

(9) a CDR1 comprising the amino acid sequence of SEQ ID NO: 9, or a variant
thereof comprising up to about 3 amino acid substitutions; a CDR2 comprising the
amino acid sequence of SEQ ID NO: 90, or a variant thereof comprising up to about 3
amino acid substitutions; and a CDR3 comprising the amino acid sequence of SEQ ID
NO: 171, or a variant thereof comprising up to about 3 amino acid substitutions.

In some embodiments, the CAR comprising a DLL3 binding domain, wherein
the DLL3 binding domain comprises an sdAb comprising any one of the following:

(1) a CDR1 comprising the amino acid sequence of SEQ ID NO: 6; a CDR2
comprising the amino acid sequence of SEQ ID NO: 87; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 168;

(2) a CDR1 comprising the amino acid sequence of SEQ ID NO: 21; a CDR2
comprising the amino acid sequence of SEQ ID NO: 102; and a CDR3 comprising the
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amino acid sequence of SEQ ID NO: 183;

(3) a CDR1 comprising the amino acid sequence of SEQ ID NO: 24; a CDR2
comprising the amino acid sequence of SEQ ID NO: 105; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 186;

(4) a CDR1 comprising the amino acid sequence of SEQ ID NO: 27; a CDR2
comprising the amino acid sequence of SEQ ID NO: 108; and a CDR3 comprising the
amino acid sequence of SEQ ID NO: 189;

(5) a CDR1 comprising the amino acid sequence of SEQ ID NO: 34; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 115; and a CDR 3 comprising
the amino acid sequence of SEQ ID NO: 196;

(6) a CDR1 comprising the amino acid sequence of SEQ ID NO: 39; a CDR2
comprising the amino acid sequence of SEQ ID NO: 120; and a CDR 3 comprising
the amino acid sequence of SEQ ID NO: 201;

(7) a CDR1 comprising the amino acid sequence of SEQ ID NO: 7; a CDR2
comprising the amino acid sequence of SEQ ID NO: 88; and a CDR 3 comprising the
amino acid sequence of SEQ ID NO: 169;

(8) a CDR1 comprising the amino acid sequence of SEQ ID NO: 8; a CDR2
comprising the amino acid sequence of SEQ ID NO: 89; and a CDR 3 comprising the
amino acid sequence of SEQ ID NO: 170; or

(9) a CDR1 comprising the amino acid sequence of SEQ ID NO: 9; a CDR 2
comprising the amino acid sequence of SEQ ID NO: 90; and a CDR 3 comprising the
amino acid sequence of SEQ ID NO: 171.

In some embodiments, the CAR comprising a DLL3 binding domain, wherein
the DLL3 binding domain comprises a camel sdAb, wherein the sdAb comprises an
amino acid sequence having at least about 95% (e.g. 96%, 97%, 98%, 99% or 100%)
sequence identity to the amino acid sequence of any one of SEQ ID NOs: 274-354. In
some embodiments, the CAR comprising a DLL3 binding domain, wherein the DLL3
binding domain comprises a camel sdAb comprising an amino acid of any one of SEQ
ID NOs: 274-354. In some embodiments, the CAR comprising a DLL3 binding
domain, wherein the DLL3 binding domain comprises a humanized sdAb, wherein
the sdAb comprises an amino acid sequence having at least about 95% (e.g. 96%,
97%. 98%, 99% or 100%) sequence identity to the amino acid sequence of any one of
SEQ ID NOs: 355-367. In some embodiments, the CAR comprising a DLL3 binding
domain, wherein the DLL3 binding domain comprises a humanized sdAb comprising
an amino acid sequence of any one of SEQ ID NOs: 355-367.

In some embodiments, the CAR comprising a DLL3 binding domain, wherein
the DLL3 binding domain comprises or is derived from a single chain variable
fragment (scFv), wherein the VH domain of the scFv comprises CDR1 set forth in
SEQ ID NO: 498, CDR2 set forth in SEQ ID NO: 499, and CDR3 set forth in SEQ ID
NO: 500, and the VL domain of the scFv comprises CDR1 set forth in SEQ ID NO:
495, CDR2 set forth in SEQ ID NO: 496, and CDR3 set forth in SEQ ID NO: 497; or
the VH domain of the scFv comprises CDR1 set forth in SEQ ID NO: 504, CDR2 set
forth in SEQ ID NO: 505, and CDR3 set forth in SEQ ID NO: 506, and the VL
domain of the scFv comprises CDR1 set forth in SEQ ID NO: 501, CDR2 set forth in
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SEQ ID NO: 502, and CDR3 set forth in SEQ ID NO: 503. In some embodiments, the
VH domain of the scFv comprises an amino acid sequence set forth in SEQ ID NO:
508, and the VL domain of the scFv comprises an amino acid sequence set forth in
SEQ ID NO: 507; or the VH domain of the scFv comprises an amino acid sequence
set forth in SEQ ID NO: 510, and the VL domain of the scFv comprises an amino acid
sequence set forth in SEQ ID NO: 509.

In some embodiments, the CAR of the present invention comprises a camel sdAb
provided herein as the DLL3 binding domain and comprises an amino acid sequence
having at least about 95% (e.g. 96%, 97%, 98%, 99% or 100%) sequence identity to
the amino acid sequence of any one of SEQ ID NOs: 476-484. In some embodiments,
the CAR of the present invention comprises a camel sdAb provided herein as the
DLL3 binding domain and has an amino acid sequence selected from the group
consisting of SEQ ID NOs: 476-484. In some embodiments, the CAR of the present
invention comprises a humanized sdAb provided herein as the DLL3 binding domain
and comprises an amino acid sequence having at least about 95% (e.g. 96%. 97%,
98%, 99% or 100%) sequence identity to the amino acid sequence of any one of SEQ
ID NOs: 485-494. In other embodiments, the CAR of the present invention comprises
a humanized sdAb provided herein as the DLL3 binding domain and has an amino
acid sequence selected from the group consisting of SEQ ID NOs: 485-494.

In some embodiments, the CAR of the present invention comprises a human
scFv provided herein as the DLL3 binding domain and comprises an amino acid
sequence having at least about 95% (e.g. 96%, 97%, 98%, 99% or 100%) sequence
identity to the amino acid sequence of any one of SEQ ID NOs: 515-516. In some
embodiments, the CAR of the present invention comprises a human scFv provided
herein as the DLL3 binding domain and has an amino acid sequence selected from the
group consisting of SEQ ID NOs: 515-516.

In some embodiments, the CAR of the present invention comprises, from
N-terminus to C-terminus, a signal peptide, the DLL3 binding domain, a hinge region,
a transmembrane domain, and a cytoplasmic signaling domain. In particular
embodiments, the CAR of the present invention comprises, from N-terminus to
C-terminus, a CD8a signal peptide as set forth in SEQ ID NO: 465, the DLL3 binding
domain, a CD8a hinge domain as set forth in SEQ ID NO: 466, a CD8a
transmembrane domain as set forth in SEQ ID NO: 467, a CDI137 cytoplasmic
domain as set forth in SEQ ID NO: 468, a CD28 cytoplasmic domain as set forth in
SEQ ID NO: 469, and a CD3( cytoplasmic domain as set forth in SEQ ID NO: 470.

Some aspects of the present invention relates to an isolated nucleic acid molecule
which encodes the sdAb, scFv, or CAR of the present invention. In some
embodiments, the nucleic acid molecule encodes a camel sdAb and comprises a
polynucleotide sequence selected from the group consisting of SEQ ID NOs: 368-448.
In some embodiments, the nucleic acid molecule encodes a humanized sdAb and
comprises a polynucleotide sequence selected from the group consisting of SEQ ID
NOs: 449-461. In some embodiments, the nucleic acid molecule encodes a VH and a
VL domain of a scFv, wherein the VH domain encoding sequence comprises a
polynucleotide sequence of SEQ ID NOs: 512 or 514, the VL domain encoding
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sequence comprises a polynucleotide sequence of SEQ ID NOs: 511 or 513.

Some aspects of present application relates to an engineered immune cell,
comprising any one of the CARs provided above, or any one of the isolated nucleic
acids described above, or any one of the vectors described above. In some
embodiments, the engineered immune cell is a cytotoxic T cell, a helper T cell, a
natural killer T cell, a y& T cell, a NKT cell and a Nature Killer cell. In some
embodiments, the cells comprise an expression vector which carries an isolated
nucleic acid molecule of the present invention. Genetically modifying a cell with an
expression vector to express a polypeptide encoded by a portion of the nucleic acid
molecule is a genetic technique well known in the art.

Some aspects of the present invention relates to uses of the DLL3 binding
proteins, anti-DLL3 CARs, nucleic acid molecules or CAR-T cells of the present
invention. In some embodiments, the CAR-T cells of the present invention are
formulated as a pharmaceutical composition with a physiologically acceptable
excipient. As used herein, “physiologically acceptable excipient” includes without
limitation any adjuvant, carrier, diluent, preservative, dispersing agent, suspending
agent, stabilizer, isotonic agent, solvent, surfactant, or emulsifier as
being acceptable for use in humans or domestic animals. In some embodiments, the
CAR-T cells of the present invention or the pharmaceutical composition comprising
the same is used to treat a DLL3-related disorder in a subject. Accordingly, a method
for treating a DLL3-related disorder is provided, which comprises administrating to a
subject suffering from a DLL3 associated disorder a therapeutically effective amount
of the CAR-T cells or the pharmaceutical composition of the present invention. A
“therapeutically effective amount” of antibodies, CAR-T cells or a pharmaceutical
composition may vary according to factors such as the disease state, age, sex, and
weight of a subject (e.g., a patient). The term "therapeutically effective amount” may
include an amount that is effective to “treat” a subject. When a therapeutic amount is
indicated, the precise amount contemplated in particular embodiments, to be
administered, can be determined by a physician in view of the condition of the
subject. In some embodiments, the DLL3 associated disorder is a cancer expressing
DLL3 as cell surface proteins, such as, melanoma,
breast cancer, prostate cancer, colon cancer, renal cell carcinoma,
ovarian cancer, neuroblastoma, rhabdomyosarcoma, leukemia and lymphoma.
Preferably, the DLL3 associated disorder is a lung cancer, especially small cell lung
cancer (SCLC).

EXAMPLES

The examples described herein are not intended to represent that the experiments
below are all or the only experiments performed. Efforts have been made to ensure
accuracy with respect to numbers used (for example, amounts, temperature, etc.), but
some experimental errors and deviations should be accounted for. Unless indicated
otherwise, parts are parts by weight, molecular weight is weight average molecular
weight, temperature is in degrees Centigrade, and pressure is at or near atmospheric.
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Example 1. Animal immunization and antibody library construction

This example demonstrated that the immunized camel showed good immune
response towards human or rhesus DLL3 protein and the acquired immunized library
showed superior quality.

Animal Immunization

Immunogens comprising extracellular domain of human DLL3 protein (aa27-466)
having an N-terminal FLAG tag (AdipoGen, AG-40B-0151) or/and DLL3-expressing
plasmid or DLL3-expressing cells (CHO-K1/DLL3 or/and CHO-K1/EGF4) were
mixed with adjuvant or PBS and injected to camels. Typically, the camels were
immunized for 2-4 times with 1-week to 2-week intervals. After multiple rounds of
immunization, immune reactions against the target antigen DLL3 were assessed by
serum titration through both enzyme-linked immune sorbent assay (ELISA) and flow
cytometric assay.
Phage Display Library Construction

Total RNA was extracted from lymphocytes of immunized camel using
TRIZOL® Reagent according to the manufacturer’s protocol. cDNA was synthesized
based on RNA template with an oligo(dT)20 primer using PRIMESCRIPT™ 1st
Strand ¢cDNA Synthesis Kit according to the manufacturer’s protocol. VyHs were
amplified from camel cDNA for generation of VyH phage library.

Example 2. Generation of anti-DLL3 antibodies

Anti-DLL3 antibodies provided herein include single domain antibodies (sdAbs)
generated from an immunized camel or human Fab isolated from synthetic human Fab
library.
Phage Display

A phage display library was constructed with the sdAbs obtained by
immunization (Immunogens comprising extracellular domain of human DLL3 protein
(aa27-466) having an N-terminal FLAG tag (AdipoGen, AG-40B-0151) or/and
DLL3-expressing plasmid or DLL3-expressing cells (CHO-K1/DLL3 or/and
CHO-K1/EGF4)). Another human Fab phage display library was synthesized. Both
phage libraries were rescued and stored after filter sterilization at 4°C for further
use. Bound phages were isolated with the above-mentioned two phage libraries using
protein-based panning as well as cell-based panning. At least one round of panning
was carried for both protein- and cell-based panning approaches using both libraries
until the percentage of DLL3-specific phage clones reached 30%. Output phages of
each round were assessed for the number of total output clones, percentage of DLL3
positive clones by ELISA and sequence diversity of DLL3-specific clones. Based on
these results the best panning outputs were selected for high-throughput screening.

High-Throughput Screening

The selected output phages were used to infect exponentially growing E. coli
cells. Double-strand DNA of the output phages was extracted. The sdAb/Fab insert
were cut from the phagemid vector and inserted into an antibody fragment expression
vector for high-throughput screening. The resulting plasmid was used to transform
exponentially growing E. coli cells, which were subsequently plated and grown
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overnight at 37°C. Thousands of colonies were picked individually and grown in 96
deep well plates containing 1 mL 2XYT medium. The expression of antibody
fragment was induced by adding 1 mM IPTG.

The sdAb/Fab proteins in the supernatant were analyzed for their ability to bind
DLL3 ECD protein by ELISA and DLL3 expressing SHP-77 cell lines (American
Type Culture Collection (ATCC)® CRL-2195™) and CHO-K1/human DLL3
(in-house generation) by FACS. All binders were sequenced. The redundant
sequences were removed. All together, 81 camel sdAbs and 2 human Fab binders that
bound both human and rhesus DLL3 proteins and cell lines were obtained. All these
binders have unique amino acid sequences.

Some of these unique binders were subjected to further characterization by
surface plasmon resonance (SPR) on a BIAcore T200 instrument (GE Healthcare).
The experiment was carried out as follows: the crude sdAb/Fab proteins were
captured through an affinity tag onto the sensorchip. High-concentration (100 nM) of
human DLL3 flowed over the sensorchip surface, and were allowed to bind the
antibody fragments for 300 s followed by injection of running buffer to allow the
dissociation of the complex formed. On-rate (ka) and off-rate (kd) were roughly
calculated based on one association and dissociation curve, and were used to estimate
the equilibrium dissociation constant (Kp). The binding affinities of some of these
unique binders were shown in Table 7.

CDR sequences of anti-DLL3 camel sdAbs were listed in Table 1 and CDR
sequences of anti-DLL3 human scFvs were listed in Table 2.

Table 1. Anti-DLL3 camel sdAb CDR sequences

sdAb ID | CDR1 Sequence | ID | CDR2 Sequence ID | CDR3 Sequence

AS63930 | 1 GYTYSGNYMA 82 VVYNIDGGGRFTTYAD | 163 | EVADPTWGSRDQRRYKY
SVKG

AS63932 (2 GYTYGSTFMG 83 VIYTGGGSTWYASSVK [ 164 | RYGSGNVNY
G

AS63951 | 3 RDIYGNNCMA 84 SIYPAGGRPYYADSVK 165 | RSFSIAVCATRSGITRSNF
G AY

AS63984 | 4 GYTYSSNFMG 85 TIVSGGGTTYYADSVR 166 | GGPVTNAPRWYPLRPPG
G YNY

AS63987 | 5 GYRNCMA 86 VIYTPSGITDYASSVKG | 167 | DRPFVCNIANMRRSSN

AS63997 | 6 FSGYGVSTMA 87 AITVGSGNTYYADSVK | 168 | GYLSGGSWDVPGRYNY
G

AS64047 | 7 QYVYRWDLMG | 88 AVYTGDGITYYADSVK | 169 | GFVSGGRWNQSYRYKY
G

AS64052 | 8 GYTYRSNFMG 89 TIHSGVATTYYADSVK 170 | GGPPANADRWYPLRPPG
G YNY

AS64062 | 9 RSPYSSSRCMG 90 ALYTGGGSTSYADSVK | 171 | VVPRGGSCRLDERGYYH
G

AS64072 | 10 | GYSYYINLMA 91 AHGPVSGTAYYTDSVK | 172 | ETTMGWAHERGYRY
G

AS64097 | 11 | GYTYSRNCMG 92 AINTGGGSTYYADSLE 173 | GPDLGGSWCRPVERAFT
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AS64114 | 12 | GNTYSTNYMG 93 VIYTRGGHTYYVDSVR | 174 | ASRHRLRLNNPRDYDY
G
AS64123 | 13 | GYTYTSNWLG 94 IIYTGSGSTHYRSSVKG | 175 | RFSEYNY
AS64130 | 14 | GYTYRSNFMG 95 TIDSRGTITYYADSVKG | 176 | GGPRTNDDRWYPLRPPG
YNY
AS64137 | 15 | GSTYSTNEMG 96 TLVTWVERTAYADSVK | 177 | AAASTDVRLLDPGDFAY
G
AS64142 | 16 | GFTFDRNAMR 97 CIDWTGANIAYADSVK | 178 | DTTSGYCSGFWSTSRYS
G
AS64154 | 17 | GYTYRYLYMG 98 CIYTGSGSTGYADSVK 179 | SSPRWGGTCRRWSQYNY
G
AS64160 [ 18 | VYTSSSYCMG 99 AMCFGGLVTHYADSV 180 | DFGRDKNYLRPLLPHAY
KG NY
AS64228 [ 19 | GVSYNRCSMG 100 | RIQPGGNTYYADSVKG | 181 [ LCWRENVNY
AS64300 | 20 | GDIYNLMSMA 101 | YINTIIGNTYYTDSVKG | 182 [ FNYGGAWYEERSYKY
AS64380 | 21 | GNTYSSNYMG 102 | VIYTRGGHTYYVDSVR | 183 | SSRHRLGLNNPRDYDY
G
AS64395 [ 22 | GSTYSTNFMG 103 | TLVTWAERTAYADSVK | 184 | AASTAVRLLDPGDFAY
G
AS64443 | 23 | GYTDSSVYIG 104 | IYTGGESTHYRSSVKG | 185 | RFPAVTY
AS64511 | 24 | RATYSTNYIS 105 | TITTGDGETAYADSVK 186 | NLRIGGDWFDGRDFRA
G
AS64536 | 25 | RYTDNFVYMG 106 | LIYPGGGSTYYASSVK 187 | KWGLGGGGLKSDTYMY
G
AS64597 | 26 | GYTYRVNFMG 107 | TIDSGVGTTYYADSVK | 188 | GGPPTDGDRWYPLRPPG
G YNY
AS64617 | 27 | GYTDRCSMA 108 | RISTSGFTNYAASVKG 189 | IVGRTCSLNY
AS64634 | 28 | GYSFRGDFMCM | 109 | VFYPGGGSTNYADSAK | 190 [ RRWVSGTCYWDSDFHY
G G
AS69498 | 29 | GNTYSSNYMA 110 | VIYTRGGHTYYIDSVR 191 | SSRHRLRLSDPRDYDY
G
AS69500 | 30 | RYTYSSACMG 111 | SIFTGTGGSTYYADSVK | 192 | RAFQVGYCYLRTDVYNY
G
AS69527 | 31 | RYTFSSTCMA 112 | AIYTDDGSTWYADSVK | 193 | RRWACPRVGSWHEFAY
G
AS68280 | 32 | GSTYSSNYLG 113 | AISTGDGATAYADSVK 194 | ARGRFIDWTKATQYDY
G
AS68355 [ 33 | GYTYSGVCMG 114 | AIDSDGSTSYADSVKG 195 | AIVGGFNAYCSGGYVLD
FGA
AS69443 | 34 | GFTFDDSDMA 115 | TISSDGSTYYADSVKG 196 | DFLTGFYYSDSPHPAPCS
ASDFGY
AS75376 | 35 | GYTYSSHSMG 116 | VIYTGDGSTYYADSVK | 197 | DPNPDYMLPFRPSRRSW

29




WO 2021/008610 PCT/CN2020/102717

G

AS75387 | 36 | GYPYSSPCMA 117 | VAYTGGDIQYLTDSVK | 198 | DLRLPRAGGCAYSY
G

AS75695 | 37 | GYTVSAYCMG 118 | FIDAGGATIYADPVKG 199 | DRRGRVRRCEYNA

AS76169 | 38 | GYIYSSFCMG 119 | YIRDNIMTSYTDSVKG | 200 [ DRGGYANSCAVAARYDY

AS63931 [ 39 | FSGYGVSTMA 120 | AITVGSGNTYYADSVT | 201 | GWLSGGSWHVPGRYNY
G

AS63937 | 40 | GSTISSRPMA 121 | CIHTGLGRTYYADSVK | 202 | DSRRPCMVAAGYTY
G

AS63948 | 41 | GYTYRYLYMG 122 | CIYTGSGSTGYADSVK | 203 [ ASPRWGGTCRRWSEYNY
G

AS63956 | 42 | GFTYSNCCMR 123 | LINSSGGTYYADSVRG 204 | YQAKYCSGPCAPPTD

AS63965 | 43 | GYSSGSCRMG 124 | KVISDGTTVYADSVKG | 205 | WCREYPGGILNNG

AS63993 | 44 | GFTFDDLVMA 125 | LVATAGNSVYADSVKG | 206 | RTDSEHAFKF

AS63999 [ 45 | GYTYSSNWMG 126 | HYTGGISTHYRSSVKG | 207 | RYTDYNY

AS64006 | 46 | GYTGDTTYIG 127 | LIYTSGTSEYYADSVKG | 208 | RSRTMMY

AS64057 | 47 | GFTFDRNAMR 128 | CISWTGANIAYADSVK | 209 | DTTSGSCSGFWSTSRYY
G

AS64060 | 48 | GSTYCTYRMS 129 | VIDSGGSTSYADSVKG 210 | DPTIGCPQTYRYNY

AS64071 | 49 | GNTYRLNSMG 130 | FIVMIRGTTYYGASVK | 211 | STKDQFYVFENPIGYDS
G

AS64093 | 50 | RYTYGNNCMA 131 | SIYPAGGRTYYADSVK 212 | RSFSIGVCATQSGITWSNF
G AY

AS64118 | 51 | GYTYSACRMA 132 | FINSAGSTYYADSVKG 213 | TWDSSCRFQY

AS64120 | 52 | RYIYGNNCMA 133 | SIYPAGGRPYYADSVK 214 | RSFSIADCATQSGITRSNF
G AY

AS64124 | 53 | TYTPSNNYMG 134 | AIATIGGTTRYADSVKG | 215 | GRPYSLPLPLPLESGAYR

Y

AS64135 | 54 | TSTYCRYYMR 135 | AMQPDGTTSYSDSVKG | 216 | DPMGGSRTPCTSA

AS64163 | 55 | GYRYRWNCMA | 136 [ AISTGSGSTYYAGSVK 217 | DPSVCPGGMWYSKEYRY
G

AS64182 [ 56 | GQTSRYLYMG 137 | CIYTGSGSTGYADSVK | 218 [ SSPHWGGTCRRWSEYKY
G

AS64183 | 57 | GHTYSANCMA 138 | SVYTDDDSTMYTDSV 219 | DLSGGPAGCGYTH
KG

AS64207 | 58 | GYTYSSNFMG 139 | TIVSGGGTTYYADSVR | 220 | GGPPTNGAKWYPLRPPG
G YNY

AS64276 | 59 | GYTGSSRCMA 140 | QIFTGRGTTGYADSVK | 221 | SLGPGRGACGYNY
G

AS64336 | 60 | GRTYSSCSMG 141 | HIFSDGSRYYADSVKG | 222 | RTGWAPRCAVPGY

AS64346 | 61 | GYTYFMG 142 | TIGTGDIFNGAAYYVDS | 223 | VQSKSSNYVLRDASTYN
VKG Y

AS64420 | 62 | GDTSRSVWMG 143 | TISTAGGSTWYTDSVK | 224 | RSRYATY
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AS64473 | 63 | GYTYRYLYMA 144 | CIYTGSGTTGYADSVK | 225 [ SSPQWGGTCRRWSEYNY
G

AS64475 | 64 | GYTWSRNWMG | 145 | TITISGGSTWYADSVKG | 226 | RDTARTY

AS64513 | 65 | DYPYIDNCMG 146 | AACTGGGSTYYADSVK | 227 | GYYSGSGPGYLLPWRYN
G

AS64562 | 66 | GYTARRDFMA 147 | VIHTGGDTTYYADSVK | 228 | GFRPRGGGYTGDVLAQA
G AAYNY

AS64583 | 67 | GFTIAVYTMG 148 | CTSWAGGRTYTADSVK | 229 | KAHPDCSGDWSPSGYEY
G

AS64594 [ 68 | GYTYNSNYMG 149 | LIYTGGGSTYYADSVK | 230 [ RTQTRNY
G

AS64605 | 69 | RYPYSSICMG 150 | RIYTGTGSTWYTDSVK | 231 [ RSNSYSYSSCDYGPLTRG
G GYNF

AS64606 | 70 | GYTSRSNYMG 151 | AFYLIYTRGGSTYYASS | 232 | RLDEKMY
VKG

AS68121 | 71 | GYTYSRNCMG 152 | TDYIRFGRTYYADSVK | 233 | DPGSRTDDSCGTSYNKG
G NFGY

AS68170 | 72 | GYTYRSNCMG 153 | TIYTGGGRNLY YADSV | 234 | ASDVAVGVNSCGGRTAG
KG FDA

AS63964 | 73 | GYTYSYNNMG 154 | AISGGRFTAYADSVKG 235 | EVVDPTWGSRDQRRYKY

AS64116 | 74 | GYIYSCVG 155 | GISTGGGGTVYADSVK | 236 | DRWNSFANCGAWGRYT
G

AS68270 | 75 | GYPSSTYYMLS 156 | AITSGTGSTSYADSVKD | 237 | ASGWIVPSRSLTANLYRY

MA

AS68320 | 76 | GYTYNTNYMG 157 | AIYRHSGNTAYADSVK | 238 | GRAGPWALMRPTEFGY
G

AS68351 | 77 | GDTFRAYYMN 158 | GISASGGRTSYADSVK 239 | GAVRLSTSSVRDSS
G

AS75378 | 78 | GNTRSTTYMG 159 | IVYTGGRDTYYAASVK | 240 | RSYEYTY
G

AS75383 | 79 | GYTFSSYCLG 160 | TFNNRGVANYHDSVK 241 | DRRYGRQWYQPCEWNT
G

AS75751 | 80 | GYFYNTYYFMG | 161 | AIDTDGRTSYADSVKG | 242 | GFGYMNVIQALNGMRQ

NPDY

AS76422 | 81 | GYTFAGNCLG 162 | TYNNFGVANYADSVK 243 | DRRDGRRWSQPCEWNT

G

Table 2. Anti-DLL3 human scFv CDR sequences

Ab ID | CDRI Sequence |ID | CDR2 Sequence ID CDR3 Sequence
AS56704 | 495 | VL: 496 | VL: SASSLYS 497 | VL: QQASWSPIT
RASQSVSSAVA | 499 | VH: 500 | VH:
498 | VH: YIYPSYGYTSY GGYYYHGMDY
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GFNISSSYMH ADSVKG
AS56788 | 501 | VL: 502 | VL: SASSLYS 503 | VL: QQHYAPSLIT
RASQSVSSAVA | 505 | VH: 506 | VH: YSYYYGMDY
504 | VH: YISSYYGYTYY
GFNISSYSMH ADSVKG

Anti-DLL3 sdAb amino acid sequences were listed in Table 3. CDRs of the
sdAb were underlined. Nucleic acid sequences encoding the anti-DLL3 sdAbs were
shown in SEQ ID NOs: 368-448.

Table 3. Anti-DLL3 camel sdAb amino acid sequences

SEQ ID

Camel
sdAb

Amino Acid Sequence

274

AS63930

EVQLAESGGGSVQAGGSLRLSCAASGYTYSGNYMAWFRQAP
GNEREGVAVVYNIDGGGRFTTYADSVKGRFTISRGNDKNTVYL
QMNSLKPEDSGMYYCAAEVADPTWGSRDQRRYKYWGQGTQ
VTVSS

275

AS63932

QVQLEESGGGSVQAGGSLRLSCVASGYTYGSTEMGWFRQNPG
KEREGVAVIYTGGGSTWYASSVKGRFTISQDNAKNTVYLQMN
SLKPEDTAMYYCAARYGSGNVNYWGQGTQVTVSS

276

AS63951

QVHLMESGGGSVQAGGSLRLACETSRDIYGNNCMAWFRQAP
GKEREGVASIYPAGGRPYYADSVKGRFTISQDNAKNTVYLQMD
SLKPEDTAMYYCAARSFSIAVCATRSGITRSNFAYWGQGTQVT
VSS

277

AS63984

QVKLVESGGGSVQAGGSLRLSCAASGYTYSSNFMGWFRQAPG
KEREGVATIVSGGGTTY YADSVRGRFTISQDNAKNTVYLQMNS
LKPEDTAMYYCAAGGPVTNAPRWYPLRPPGYNYWGQGTQVT
VSS

278

AS63987

QVRLVESGGGSVQAGGSLRLSCEATGYRNCMAWFRQAPGKER
EGVAVIYTPSGITDYASSVKGRFTISQNNARNTQYLQMNSLKPE
DTAMY YCAADRPEFVCNIANMRRSSNWGRGTQVTVSS

279

AS63997

QVRLVESGGGSVQAGGSLRLSCAGSESGYGVSTMAWFRQAPG
KEREGVAAITVGSGNTY YADSVKGRFTISRDNAKRTVFLQMNS
LKPEDTAMYYCAVGYLSGGSWDVPGRYNYWGQGTQVTVSS

280

AS64047

QVHLVESGGGSVQAGGSLRLSCAASQYVYRWDLMGWFRQAP
GKEREAVAAVYTGDGITY YADSVKGRFSISQDNAKNTVYLQMN
SLKPEDTGMYFCAAGFVSGGRWNOSYRYKYWGQGTQVTVSS

281

AS64052

QVHLMESGGGSVQAGGSLRLSCAASGYTYRSNFMGWFRQAP
GKEREGIATIHSGVATTYYADSVKGRFTISQDNAKNTVYLQMN
SLKPEDTAMYYCAAGGPPANADRWYPLRPPGYNYWGQGTQV
TVSS

282

AS64062

QVRLVESGGGSVQVGGSLRLSCAASRSPYSSSRCMGWFRQAP
GKEREGVAALYTGGGSTSYADSVKGRFTISQDNAKNTVYLQM
NSLKPEDTAMY YCAAVVPRGGSCRLDERGYYHWGQGTQVTV
SS
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283 AS64072 QVQLVESGGGSVQAGGFLRLSCALSGYSYYINLMAWFRQAPG
KEREAVAAHGPVSGTAYYTDSVKGRFTISRDPGKNTMYLQMEFS
LQPEDTALYYCAAETTMGWAHERGYRYWGQGTQVTVSS

284 AS64097 QVHLMESGGGSVQAGGSLRLSCEASGYTYSRNCMGWFRQAP
GKEREGVAAINTGGGSTY YADSLEGRFTISQDNAKNTMYLQM
NSLKPEDTAMY YCAAGPDLGGSWCRPVERAFTYWGQGTQVT
VSS

285 AS64114 QVQLQESGGGSVQAGGSLTLSCEASGNTYSTNYMGWFRQAPG
KEREEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNTVYLQMN
SLKPEDTAMYYCAAASRHRLRLNNPRDYDYWGQGTQVTVSS

286 AS64123 QVQLAESGGGSVQAGGSLRLSCAASGYTYTSNWLGWFRQAPG
KEREEVAIIYTGSGSTHYRSSVKGRFTISQDNAKNTVYLQMNSL
KPEDTAMYYCAARESEYNYWGQGTQVTVSS

287 AS64130 EVQLAESGGGSVQAGGSLRLSCAASGYTYRSNFMGWFRQAPA
KEREGVATIDSRGTITY YADSVKGRFTISQDNEKNTVYLQMNSL
KPEDTAMYYCAAGGPRTNDDRWYPLRPPGYNYWGQGTQVTV
SS

288 AS64137 QVRLVESGGGSVQAGGSLRLSCAASGSTYSTNEMGWFRQAPG
KEREGVATLVTWVERTAYADSVKGRFTISQDRAKNTVYLQMNS
LKPEDTAMYYCAAAAASTDVRLLDPGDFAYWGQGTQVTVSS

289 AS64142 QVHLMESGGGLVQTGGSLRLSCTASGFTEDRNAMRWYRQAPG
KEREGVSCIDWTGANIAYADSVKGRFTISRDNAKNTLYLQMNS
LKPEDTGMYYCAADTTSGYCSGFWSTSRYSWGQGTQVTVSS

290 AS64154 QVQLKESGGGSVQAGGSLRLSCTASGYTYRYLYMGWFRQTPG
KEREGVACIYTGSGSTGYADSVKGRFTISQDNAKNTVYLQMNN
LKPEDTAMYYCAASSPRWGGTCRRWSQYNYWGQGTQVTVSS

291 AS64160 EVQLVESGGGSVQAGGSLRLSCAASVYTSSSYCMGWFRQAPG
KEREGVAAMCFGGLVTHYADSVKGRFTISQDNAKNTVYLQMN
SLKPEDTAMYYCAADFGRDKNYLRPLLPHAYNYWGQGTQVT
VSS

292 AS64228 QVQLKESGGGSIQAGGSLRLSCAASGVSYNRCSMGWYRQAPG
KGRELVSRIQPGGNTY YADSVKGRFTVSQDNAKNTVSLQMNS
LKPEDTAMYYCNALCWRENVNYWGQGTQVTVSS

293 AS64300 QVHLVESGGGSVQTGGSLRLSCAVSGDIYNLMSMAWFRRAPG
KEREGVAYINTIHGNTY YTDSVKGRFTISRDNSKNTLYLQMNNL
KPEDTAMYYCAAENYGGAWYEERSYKYWGQGTQVTVSS

294 AS64380 EVQLVESGGGSVQAGGSLTLSCEASGNTYSSNYMGWFRQAPG
KEREEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNTVYLQMN
SLKPEDTAMYYCAASSRHRLGLNNPRDYDYWGQGTQVTVSS

295 AS64395 QVRLVESGGGSVQAGGSLRLSCAASGSTYSTNEMGWFRQAPG
KEREGVATLVTWAERTAYADSVKGRFTISQDRAKNTVYLQMN
GLKPEDTAMYYCAAAASTAVRLLDPGDFAYWGQGTQVTVSS

296 AS64443 QVHLVESGGGSVQAGGSLRLSCAASGYTDSSVYIGWFRQAPG
KEREEVAIIYTGGESTHYRSSVKGRFTVSQDNAKNTLYLQMNS
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LKPEDTAMYYCAARFPAVTYWGQGTQVTVSS

297 AS64511 QVQLVESGGGSVQAGGSLRLSCAASRATYSTNYISWFRQAPGK
EREAVATITTGDGETAYADSVKGRFTISRDNAKNTVYLQMNSL
KPEDTAMYYCAANLRIGGDWEFDGRDFRAWGQGTQVTVSS

298 AS64536 QVKLVESGGGSVQAGGSLRLSCAASRYTDNEVYMGWFRQAPG
KEREGVALIYPGGGSTY YASSVKGRFTISQDNAKGTVHLQMNN
LKPEDTAMYYCAAKWGLGGGGLKSDTYMYWGQGTQVTVSS

299 AS64597 QVHLVESGGGSVQAGGSLRLSCAASGYTYRVNEMGWFRQTPG
KEREGVATIDSGVGTTYYADSVKGRFTISHNNAKNTIYLQMNS
LKPEDTAMYYCAAGGPPTDGDRWYPLRPPGYNYWGQGTQVT
VSS

300 AS64617 QVQLVESGGGSVQAGGSLRLSCAASGYTDRCSMAWYRQAPG
KERELVSRISTSGFTNYAASVKGRFTISQDNAKNTVYLQMNSLN
PGDTGMYYCAIIVGRTCSLNY WGNGILVTVSS

301 AS64634 QVRLVESGGGSVQAGGSLRLSCAASGYSFRGDFMCMGWFRQT
PGKGREGVAVEYPGGGSTNYADSAKGRFTISQDNAKNTMYLQ
MNTLKPEDTAMYYCAARRWVSGTCYWDSDFHYWGQGTQVT
VSS

302 AS69498 QVQLQESGGGSVQAGGSLRLSCEASGNTYSSNYMAWFRQAPG
KEREEVAVIYTRGGHTYYIDSVRGRFTISQDNAKNTVYLQMNS
LKPEDTAMYYCAASSRHRILRLSDPRDYDYWGQGTQVTVSS

303 AS69500 QVRLVESGGGSVQAGGSLRLSCAADRYTYSSACMGWFRQAPG
KEREGVASIFTGTGGSTY YADSVKGRFTISQDNAKNTVYLQMN
SLKPEDTAIYYCAARAFQVGYCYLRTDVYNYWGQGTQVTVSS

304 AS69527 EVQLAESGGGSVQAGGSLRLSCVASRYTESSTCMAWFRQAPG
KEREEVAAIYTDDGSTWYADSVKGRFTISRDNAKNTVYLQMN
SLKPEDTAMYYCAARRWACPRVGSWHEFAYWGQGTQVTVSS

305 AS68280 QVQLVESGGGSVHPGGSLRLSCAASGSTYSSNYLGWFRQAPG
KGRDWVAAISTGDGATAYADSVKGRFTISQDNAKNTVYLQMN
SLKLEDSAMYYCAAARGRFIDWTKATQYDYWGQGTQVTVSS

306 AS68355 QMQLVESGGDSVQAGGSLRLSCAASGYTYSGVCMGWFRQAP
GKEREGVAAIDSDGSTSYADSVKGRFTISKDNAKNTLYLQMNS
LKPEDTAMYYCAAAIVGGENAYCSGGYVLDFGAWGQGTQVT
VSS

307 AS69443 EVQLAESGGGSVQAGGSLRLSCSASGFTFDDSDMAWYRQAPG
DGCDLVSTISSDGSTYYADSVKGRFTISQDNAKNTVYLQMHSL
KPEDTAVYYCAADFLTGFYYSDSPHPAPCSASDEGY WGQGTQV
TVSS

308 AS75376 QVQLKESGGGSVQAGGSLRLSCAASGYTYSSHSMGWFRQAPG
KEREGVAVIYTGDGSTYYADSVKGRFTISQDNAKNTVYLQMNS
LKPEDTAMYYCAADPNPDYMLPFRPSRRSWWGQGTQVTVSS

309 AS75387 QVHLVESGGGSVQAGGSLRLSCAASGYPYSSPCMAWFRQAPG
KEREGVLVAYTGGDIQYLTDSVKGRFTISRDNAKNTVYLQMNS
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LKPEDTAMYYCAADLRLPRAGGCAYSYWGQGTQVTVSS

310 AS75695 QVRLVESGGGSVQAGGSLRLSCVASGYTVSAYCMGWFRQVLG
KGRERIAFIDAGGATTYADPVKGRFTISKDNAKNTLYLQMNSLK
PEDTAMY YCVADRRGRVRRCEYNAWGQGTQVTVSS

311 AS76169 QVHLMESGGGSVQAGGSLRLSCAASGYIYSSFCMGWFRQAPG
KEREVVAYIRDNIMTSYTDSVKGRFTISKDNAKRTLYLQMNGL
KPEDTGMY YCAVDRGGYANSCAVAARYDYWGRGTQVTVSS

312 AS63931 EVQLAESGGGSVQAGGSLRLSCAGSESGYGVSTMAWFRQAPG
KEREGVAAITVGSGNTY YADSVTGRFTISRDNAKRTVYLQMNS
LKPEDTAMYYCAAGWLSGGSWHVPGRYNYWGQGTQVTVSS

313 AS63937 QVKLVESGGGSVQAGGSLRLSCAASGSTISSRPMAWFRQAPGK
EREGVACIHTGLGRTYYADSVKGRFTISQDNAKNTVYLQVNSL
KPEDTAMYYCAADSRRPCMVAAGYTYWGQGTQVTVSS

314 AS63948 QVQLVESGGGSVQAGGSLRLSCTASGYTYRYLYMGWFRQTPG
KEREGVACIYTGSGSTGYADSVKGRFTISQDNAENTVYLQMNS
LKPEDTAMYYCAAASPRWGGTCRRWSEYNYWGQGTQVTVSS

315 AS63956 QVHLVESGGGLVQAGGSLRLSCAASGFTYSNCCMRWYRQAPG
KARELVSLINSSGGTYYADSVRGRFTISKDNAKNTLYLQMNSL
KPEDTAMYYCAAYQAKYCSGPCAPPTDWGQGTQVTVSS

316 AS63965 QVQLVESGGGSVQAGGSLRLSCVASGYSSGSCRMGWYRQAPG
KERELVSKVISDGTTVYADSVKGRFTLSQGNAKNTVYLQMSSL
LPEDTAMY YCNAWCREYPGGILNNGWGQGTQVTVSS

317 AS63993 QVKLVESGGGLVQAGGSLRLSCTVSGFTEDDLVMAWFRQAPG
KERQLVSLVATAGNSVYADSVKGRFTLSRDNAHSTAYLQMNGL
KPEDTAMYYCAARTDSEHAFKFWGQGTQVTVSS

318 AS63999 EVQLVESGGGSVQAGGSLRLSCAASGYTYSSNWMGWFRQAP
GKEREEVAIIYTGGISTHYRSSVKGRFTISQDNAKNTVYLQMNS
LKPEDTAMYYCAARYTDYNYWGQGTQVTVSS

319 AS64006 QVHLVESGGGSVQAGGSLRLSCEVSGYTGDTTYIGWFRQAPG
KEREGVALIYTSGTSEY YADSVKGRFIISRDNAKNTVYLQMNSL
KPEDTAMYYCGARSRTMMYWGQGTQVTVSS

320 AS64057 QVQLEESGGGLVQTGGSLRLSCTASGFTFDRNAMRWYRQAPG
KEREGVSCISWTGANIAYADSVKGRFTISRDNAKNTLYLQMNS
LKPEDTGMYYCAADTTSGSCSGFWSTSRYYWGQGTQVTVSS

321 AS64060 QVKLVESGGGSVQAGGSLRLSCAASGSTYCTYRMSWFRQAPG
KEREFVAVIDSGGSTSYADSVKGRFTISRDNAKNTVYLQMNSL
KPEDTAMYYCKTDPTIGCPQTYRYNYWGQGTQVTVSS

322 AS64071 QVHLMESGGGSVQAGGSLRLSCVASGNTYRLNSMGWFRQAP
GKEREGVAFIVMIRGTTYYGASVKGRFTISQDNAQTTVYLQMS
SLKPEDTAMYYCAASTKDQFYVENPIGYDSWGQGTQVTVSS

323 AS64093 QVHLVESGGGSVQAGGSLRLSCATSRYIYGNNCMAWFRQAPG
KEREGVASIYPAGGRTY YADSVKGRFTISQDNAKNTVYLQIDSL
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KPEDTAMYYCAARSESIGVCATQSGITWSNFAYWGQGTQVTVS
S

324 AS64118 QVQLAESGGGSVQAGGSLRLSCAASGYTYSACRMAWYRQAP
GKERELVSFINSAGSTYYADSVKGRFAISRDNAKTTVYLQMNA
LKAEDTAIY YCNTWDSSCRFQYWGQGTQVTVSS

325 AS64120 QVRLVESGGGSVQAGGSLRLSCETSRYTY GNNCMAWFRQAPG
KEREGVASIYPAGGRPYYADSVKGRFTISQDNAKNTVYLQMDS
LKPEDTAMYYCAARSFESIADCATQSGITRSNFAYWGQGTQVTV
SS

326 AS64124 QVKLVESGGGSVQTGGSLRLSCAVSTYTPSNNYMGWFRQAPG
KEREGVAAIATIGGTTRYADSVKGRFTISQDGAKNTIYLQMNGL
KPEDTAMYYCAAGRPYSLPLPLPLESGAYRYWGQGTQVTVSS

327 AS64135 QVKLVESGGGSVQAGGSLRLSCVASTSTYCRYYMRWYRQAPG
KEREFVSAMOPDGTTSYSDSVKGRFTMSQDRANNMLYLQMNS
LRPEDTAMY YCKRDPMGGSRTPCTSAWGQGTQVTVSS

328 AS64163 QVRLVESGGGSVQAGGSLRLSCAVSGYRYRWNCMAWFRQAP
GKEREGVAAISTGSGSTY YAGSVKGRFTISQDNAKNMYLQMNS
LKPEDTAMYYCAADPSVCPGGMWYSKEYRYWGQGTQVTVSS

329 AS64182 QVHLMESGGGSVQAGGSLRLSCTASGQTSRYLYMGWFRQTPG
KEREGVACIYTGSGSTGYADSVKGRFTISQDNAKNTVYLQTNS
LKPEDTAMYYCAASSPHWGGTCRRWSEYKYWGQGTQVTVSS

330 AS64183 QVHLVESGGGSVQAGGSLRLSCAASGHTYSANCMAWFRRAPG
KEREWVASVYTDDDSTMYTDSVKGRFTIFQDNAKNTVYLQM
NSLKPEDTGMYICAADLSGGPAGCGYTHWGQGTQVTVSS

331 AS64207 EVQLVESGGGSVQAGGSLRLSCAASGYTYSSNEMGWFRQAPG
KEREGVATIVSGGGTTYYADSVRGRFTISQDNAKNTVYLQMNS
LKPEDTAMYYCAAGGPPTNGAKWYPLRPPGYNYWGQGTQVT
VSS

332 AS64276 QVHLMESGGGSVQAGGSLSLSCVVSGYTGSSRCMAWFRQAPG
KEREAVAQIFTGRGTTGYADSVKGRFTISQDNAKNTVYLRMNS
LRPEDTAIYYCAASLGPGRGACGYNYWGQGTQVTVSS

333 AS64336 QVQLVESGGGSVQAGGSLRLSCTTSGRTYSSCSMGWYRQAPG
KERELVSHIFSDGSRY YADSVKGRFTISQDNAKNTVYLQMNSL
KPEDTAMYYCNRRTGWAPRCAVPGYWGQGTQVTVSS

334 AS64346 QVHLVESGGGSVQAGGSLRLSCAASGYTYFMGWFRQAPQKER
EWVATIGTGDIFNGAAYYVDSVKGRFAISQDNAKNTVYLQMN
SLKPEDTAVYVCAAVQSKSSNYVLRDASTYNYWGQGTQVTVS
S

335 AS64420 EVQLVESGGGSVQAEGSLRLSCAASGDTSRSVWMGWARQVPG
KEREVVATISTAGGSTWYTDSVKGRFTISQDNAKNTVYLQMNS
LKPEDTAIYYCAARSRYATYWGQGTQVTVSS

336 AS64473 QVRLVESGGGSVQAGGSLRLSCTASGYTYRYLYMAWFRQTPG
KEREGVACIYTGSGTTGYADSVKGRFTISQDNAKNTVYLQMNS
LNAEDTAMY YCAASSPOWGGTCRRWSEYNYWGQGTQVTVSS
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337 AS64475 QVQLQESGGGSVQAGGSLRLSCAASGYTWSRNWMGWFRQAP
GKEREGFATITISGGSTWYADSVKGRFTISLDNAGNTVYLQMN
SLKPEDTAMYYCAARDTARTYWGQGTQVTVSS

338 AS64513 EVQLVESGGGSVQAGGSLRLSCVASDYPYIDNCMGWFRQGPG
KEREGVAAACTGGGSTYYADSVKGRFTISRDNAKNTVYLQMN
SLKPEDTDVYYCATGYYSGSGPGYLLPWRYNYWGQGTQVTVS
S

339 AS64562 EVQLVESGGGSVQAGGSLRLSCAASGYTARRDEMAWFRQVPG
KEREGVAVIHTGGDTTY YADSVKGRFTISRDNAQNIMNLQMNS
LKPEDTAMYYCAAGFRPRGGGYTGDVLAQAAAYNYWGQGTQ
VTVSS

340 AS64583 EVQLAESGGGLVQAGGSLRLSCTASGFTIAVYTMGWFRQAPGK
EREGISCTSWAGGRTYTADSVKGRFTISRDNAKNTLYLQMNSL
KPEDTAMYYCAAKAHPDCSGDWSPSGYEYWGQGTQVTVSS

341 AS64594 QVHLVESGGGSVQAGGSLRLSCAASGYTYNSNYMGWFRQAP
GKEREGVALIYTGGGSTY YADSVKGRFTISRDNAKNTVYLQMN
SLKPEDTAMYYCSVRTQTRNYWGQGTQVTVSS

342 AS64605 QVKLVESGGGSVQAGGSLRLSCAVSRYPYSSICMGWFRQAPGK
ESEGVARIYTGTGSTWYTDSVKGRFTIARDNAQNTVYLQMNSL
KPEDTAMYYCAARSNSYSYSSCDYGPLTRGGYNFWGQGTQVT
VSS

343 AS64606 EVQLAESGGGSVQAGGSLRLSCAVSGYTSRSNYMGWFRQAPG
KEREGVALIYTRGGSTY YASSVKGRFTISQDSAKKTYLQMNSV
KPEDTAMYYCALRLDEKMYWGQGTQVTVSS

344 AS68121 | EVQLAESGGGSVQAGGSLRLSCDASGYTYSRNCMGWFRQAPG
KEREGVAAFYTDYIRFGRTY YADSVKGRFTIFQDNAKNTVYLQ
MNSLKPEDTAMYYCAADPGSRTDDSCGTSYNKGNFGYWGQG
TQVTVSS

345 AS68170 QVQLVESGGGSVQAGGSLRLSCTASGYTYRSNCMGWFRQAPG
KEREGVATIYTGGGRNLY YADSVKGRFTISRDNAKNTLYLQMN
SLKPEDSARYYCAAASDVAVGVNSCGGRTAGFDAWGQGTQVT
VSS

346 AS63964 QVRLVESGGGSVQAGGSLRLSCSASGYTYSYNNMGWFRQAPG
NEREGVAAISGGRFTAYADSVKGRFTISRDNAENTLYLQMNNL
KPEDTGMYYCAAEVVDPTWGSRDORRYKYWGQGTQVTVSS

347 AS64116 QVKLVESGGGSVQAGGSLRLSCAASGYIYSCVGWFRQAPGKE
REGVAGISTGGGGTVYADSVKGQFTISRDNAKNTVYLQMDSLK
PEDTAMY YCAADRWNSFANCGAWGRYTYWGQGTQVTVSS

348 AS68270 QVQLAESGGGSVQAGGSLRLSCVASGYPSSTYYMLSMAWEFRQ
APGKEREGVAAITSGTGSTSYADSVKDRFTISKDYANNTLYLHI
NNLKPEDTAMY YCAAASGWIVPSRSITANLYRYWGQGTQVTV
SS

349 AS68320 QVHLVESGGDSVQAGGSLRLSCAASGYTYNTNYMGWFRQAP
GKEREGVAAIYRHSGNTAYADSVKGRFTISQDYAKNTVYLQMN
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SLKPEDTAMYYCAAGRAGPWALMRPTEFGYWGQGTQVTVSS

350 AS68351 QVQLEESGGGLVQPGGSLRLSCAASGDTFRAY YMNWVRQAPG
KGFEWVSGISASGGRTSYADSVKGRFTISRDNAKNTLYLQLNSL
STEDTGMY YCVKGAVRISTSSVRDSSWGQGTQVTVSS

351 AS75378 QVQLEESGGGSVQAGGSLRLSCVVSGNTRSTTYMGWFRQAPG
KEREGVAIVYTGGRDTYYAASVKGRFTISQDNAKTTIYLQMNS
LEPEDTAMYYCAARSYEYTYWGRGTQVTVSS

352 AS75383 EVQLAESGGGSVQAGGSLRLSCVASGYTESSYCLGWFRQAPGK
QRQGVATENNRGVANYHDSVKGRFTASVDNAKNTLLLQMNSL
EPDDTAMYYCAADRRYGROQWYQPCEWNTWGQGTQVTVSS

353 AS75751 QVRLVESGGGSVQAGGSLRLSCVASGYFYNTYYFMGWFRQAP
GKEREGVAAIDTDGRTSYADSVKGRFTISKDNAKNTLYLQMNS
LKPEDTAMYYCAAGFGYMNVIOALNGMRONPDYWGQGTQV
TVSS

354 AS76422 QVKLVESGGGSVQAGGSLRLSCAASGYTFAGNCLGWFRQAPG
KGREGVVTYNNFGVANYADSVKGRFTVSQDNAKNTLLLQMN
SLEPEDTAMY YCAADRRDGRRWSQPCEWNTWGQGTQVTVSS

Amino acid sequences of VH and VL domains of anti-DLL3 human scFvs were
listed in Table 4. Nucleic acid sequences encoding VH or VL domain of anti-DLL3
human scFvs were shown in SEQ ID NOs: 511-514.

Table 4. Anti-DLL3 human scFv amino acid sequences
scFv SEQ ID Amino Acid Sequence
AS56704 | 507 VL:
DIQMTQSPSSLSASVGDRVTITCRASQSVSSAVAWYQQKPGKAP
KLLIYSASSLYSGVPSRESGSRSGTDFTLTISSLQPEDFATYYCQQ
ASWSPITFGQGTKVEIK
508 VH:
EVQLVESGGGLVQPGGSLRLSCAASGFNISSSYMHWVRQAPGK
GLEWVAYIYPSYGYTSYADSVKGRFTISADTSKNTAYLQMNSL
RAEDTAVYYCARGGYYYHGMDYWGQGTLVTVSS
AS56788 | 509 VL:
DIQMTQSPSSLSASVGDRVTITCRASQSVSSAVAWYQQKPGKAP
KLLIYSASSLYSGVPSRESGSRSGTDFTLTISSLQPEDFATY YCQQ
HYAPSLITFGQGTKVEIK
510 VH:
EVQLVESGGGLVQPGGSLRLSCAASGFNISSYSMHWVRQAPGK
GLEWVAYISSYYGYTY YADSVKGRFTISADTSKNTAYLQMNSL
RAEDTAVYYCARYSYYYGMDYWGQGTLVTVSS

Example 3. Generation of monospecific camel CARs
The amino acid sequences of anti-DLL3 camel sdAb fragments were provided
above in Table 3 and the nucleic acid sequences of anti-DLL3 camel sdAb fragments
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were provided in SEQ ID NOs: 368-448. sdAb fragments of Table 3 and additional
sequences were used to generate CAR constructs (SEQ ID NOs: 476-484). CAR3
scFv (SEQ ID NO: 473), which is a human anti-DLL3 scFv, was also used to generate
a CAR construct as a reference (CAR3). A full length CAR contains from the
N-terminus to the C-terminus: a CD8a signal peptide (SEQ ID NO: 465), a DLL3
binding domain sdAb provided in Table 3, a CD8a hinge domain (SEQ ID NO:
466), a CD8a transmembrane domain (SEQ ID NO: 467 ), a CD137 intracellular
domain (SEQ ID NO: 468) or a CD28 intracellular domain (SEQ ID NO: 469), and a
CD3( intracellular domain (SEQ ID NO: 470). Schematic representation of a CAR
construct is shown in FIG. 1. Nucleic acid encoding the CAR fragment was then
cloned into a lentiviral vector to create full length CAR construct in a single coding
frame, using human EF1 alpha promoter for expression. The resulting CAR backbone
vector was named “PLLV-hEF1a-DLL3”.

Example 4. Generation of camel anti-DLL3 CAR-T cells
Preparation of lentivirus

The lentivirus packaging plasmid mixture including pCMV- A R-8.47 and
pMD2.G (Addgene, Cat#12259) was pre-mixed with PLLV-hEF1a-DLL3 vectors at a
pre-optimized ratio (1:1:1:2) in the present of polyethylenimine before added to the
HEK293 cells. The supernatants were collected after overnight incubation. The
virus-containing supernatants were filtered through a 0.45um PES filter, and
ultra-centrifuged to concentrate lentiviruses. The virus pellets were rinsed with
pre-chilled DPBS. The viruses were aliquoted properly before stored at -80°C
immediately. Virus titer was determined by measurement of transduction efficiency to
supT1 cell line via flow cytometric assay.
Collection and transduction of T lymphocytes

Leukocytes were collected from healthy donors by apheresis. Peripheral blood
mononuclear cells (PBMCs) were isolated using Ficoll-Paque™ PLUS Media
according to manufacturer’s protocol. Human T cells were purified from PMBCs
using Pan T cell isolation kit (Miltenyi, Cat#130-096-535), following manufacturer’s
protocol. The purified T cells were subsequently pre-activated for 48 hours with
human T cell activation/expansion kit (Miltenyi, Cat#130-091-441) according to
manufacturer’s protocol, in which anti-CD3/CD28 MACSiBead particles were added
at a bead-to-cell ratio of 1:2. The pre-activated T cells were transduced with lentivirus
stock in the presence of 7ug/mL polybrene. The transduced cells were then
transferred to the cell culture incubator for transgene expression under suitable
conditions.

Example 5. Evaluation of in vitro activity of camel anti-DLL3 CAR-T cells
In vitro cytotoxicity assay

On day 6 post transduction, transduced T cells were harvested and co-incubated
with DLL3-expressing tumor cell line SHP-77 at an effector (CAR-T) to target cell
ratio of 2:1 and 5:1 for 20 hours. CAR3 CAR-T cells were used as a reference in all
assays to compare assay variation and/or act as a control. Un-transduced T cells (UnT)
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were used as a negative control.

The cytotoxicity of the transduced T cells was determined by a lactate
dehydrogenase (LDH) assay. Results show that CAR3 CAR-T and some anti-DLL3
CAR-Ts exhibit strong anti-tumor activities in vitro against SHP-77 cells, while UnT
has no target cell killing effect (FIG. 2).

IFN-y and TNF-a release detection

Additionally, supernatants from the in vitro cytotoxicity assay were collected to
assess CAR-induced cytokine release, e.g., interferon gamma (IFN-y) and TNF-a
release. As shown in FIG. 3A and FIG 3B, CAR3 CAR-T and some anti-DLL3
CAR-Ts were stimulated by SHP-77 to produce IFN-y and TNF-a, whereas UnT
produced little IFN-y and TNF-a. Protocols of IFN-y and TNF-a release detection can
be referred to CISBIO’s human TNF-a kits and IFN-y kits.

CAR-T expansion by long-term stimulation assay

On day 0, 1x10° SHP-77 cells were plated in 24 well plates to establish a
monolayer. On day 1, transduced T cells were counted and 2x10° viable CAR* T cells
were plated on top of the SHP-77 cells in fresh media in the absence of cytokines. On
day 3, a new 1x10° SHP-77 cells monolayer were plated on top of the CAR-T cells.
On day 4, viable CAR-T cells were counted for each well. One the same day, 2x10°
CAR™ T cells from wells that expanded (had at least this amount of cells) were
re-plated to establish a new monolayer as on Day 1. The process was repeated to
provide 3-4 rounds of stimulation. Fold expansion after each stimulation was
calculated as [viable CAR* T cells on day 4]/ 2x10°, the amount of CAR T cells
plated on day 1 of each stimulation. To normalize for cells discarded with each new
stimulation, cumulative fold expansion was determined by [(fold expansion) x (fold
expansion+1)...].

After 3 rounds of stimulation, the fold expansions of different CAR-T constructs
were calculated. As it was showed in FIG. 4, most CAR-T constructs expanded more
than CAR3 CAR-T with 3 rounds of stimulation by SHP-77 tumor cells.

Example 6. In vivo efficacy valuation of camel CARs by CAR-T cells mediated
tumor growth inhibition

The anti-tumor activity of the camel CARs was evaluated in a SHP-77 tumor
model. SHP-77 cells were implanted subcutanecously in NOD/SCID mice and
randomized into 7 groups (4 mice per group, day 0). Group 1: vehicle (PBS only);
Group 2: UnT (negative control); Group 3: CAR3; Group 4: CAS64380; Group 5:
CAS64511; Group 6: CAS63931; Group 7: CAS63997. Treatment with CAR-T cells,
UnT cells or vehicle (PBS only) began when tumors were palpable (100 mm?®) and
mice were euthanized when their tumor volumes reached about 3000 mm?®. Tumor
volumes were measured 2 times per week. CAR-T cells were administered
intravenously with 1x10° CAR positive T cells per mouse. Mice and tumors were
monitored for about 21 days after tumor cell implantation.

As shown in FIG. 5, all selected camel CARs demonstrated anti-tumor activity in
this animal tumor model.
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Example 7. Humanization of camel sdAbs

Selected camel sdAbs (SEQ ID NOs: 279, 294, 297, 312) were humanized using
CDR grafting technology (see, e.g., U.S. Pat. No. 5,225,539). Briefly, the camel sdAb
sequence was compared to those available in the Research Collaboratory for
Structural Bioinformatics (RCSB) protein databank. A homology model of each
camel sdAb was generated based on the nearest VH structures. From the model
structure, residues that are in the proximity of CDRs or buried inside the molecule (i.e.
with side chain solvent accessible surface area less than 15%) were identified.

Subsequently, each camel sdAb sequence was BLASTed against NCBI human
germline V gene database to identify the human VH germline sequence (i.e. human
acceptor) with highest identity to the sdAb (see, e.g., Foote and Winter, J. Mol. Biol.
224:487-499 (1992); Morea V. et al., Methods 20:267-279 (2000); Chothia C. et al., J.
Mol. Biol. 186:651-663 (1985).) In the CDR grafting approach, CDRs of the human
acceptor were replaced by those of the camel sdAbs, which produced the
straight-graft sequence. Straight-graft antibody usually lost binding activity, which
needed to be restored by replacing the framework residues that were critical for the
activity of the antibody with non-human residues. Amino acid residues that were in
the proximity of CDRs or buried inside the molecule were usually important for the
activity and structure of the antibody, and therefore should be potential back-mutation
sites. A series of humanized variants were designed using this method. CDR amino
acid sequences of the humanized variants were shown in Table 5. Full length amino
acid sequences of the humanized variants were shown in Table 6. CDRs were

underlined.

Table 5. Anti-DLL3 humanized sdAb CDR sequences
Ab ID | CDR1 1D CDR2 Sequence 1D CDR3 Sequence

Sequence

AS64380VH | 244 | GNTYSSN | 254 | VIYTRGGHTYYVD | 264 | SSRHRLGLNNPRD
4 YMG SVRG YDY
AS64380VH | 245 | GNTYSSN | 255 | VIYTRGGHTYYVD | 265 | SSRHRLGLNNPRD
5 YMG SVRG YDY
AS64380VH | 246 | GNTYSSN | 256 | VIYTRGGHTYYVD | 266 | SSRHRLGLNNPRD
6 YMG SVRG YDY
AS64380VH | 247 | GNTYSSN | 257 | VIYTRGGHTYYVD | 267 | SSRHRLGLNNPRD
7 YMG SVRG YDY
AS64511VH | 248 | RATYSTN | 258 | TITTGDGETAYADS | 268 | NLRIGGDWFDGR
4 YIS VKG DFRA
AS64511VH | 249 | RATYSTN | 259 | TITTGDGETAYADS | 269 | NLRIGGDWFDGR
5 YIS VKG DFRA
AS64511VH | 250 | RATYSTN | 260 | TITTGDGETAYADS | 270 | NLRIGGDWFDGR
6 YIS VKG DFRA
AS63997VH | 251 | FSGYGVS | 261 | AITVGSGNTYYAD | 271 | GYLSGGSWDVPG
4 TMA SVKG RYNY
AS63997VH | 252 | FSGYGVS | 262 | AITVGSGNTYYAD | 272 | GYLSGGSWDVPG
5 TMA SVKG RYNY
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AS63997VH

6

253

FSGYGVS
TMA

263 | AITVGSGNTYYAD

SVKG

273
RYNY

Table 6. Anti-DLL3 humanized sdAb amino acid sequences

SEQ
ID

Humanized
sdAb

Amino Acid Sequence

355

AS64380VH4

EVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWFRQAPG
KGLEEVAVIYTRGGHTYYVDSVRGRFTISRDNAKNSLYLQMNS
LRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSS

356

AS64380VHS

EVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWFRQAPG
KGLEEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNSLYLQMNS
LRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSS

357

AS64380VH6

EVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWFRQAPG
KGLEEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNSVYLQMN
SLRAEDTAMYYCAASSRHRILGLNNPRDYDYWGQGTLVTVSS

358

AS64380VH7

EVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWFRQAPG
KGREEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNSVYLQMN
SLRAEDTAMYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSS

359

AS64511VH4

EVQLVESGGGLVQPGGSLRLSCAASRATYSTNYISWFRQAPGK
GLEAVATITTGDGETAYADSVKGRFTISRDNAKNSLYLQMNSLR
AEDTAVYYCAANLRIGGDWEDGRDFRAWGQGTLVTVSS

360

AS64511VH5

EVQLVESGGGLVQPGGSLRLSCAASRATYSTNYISWFRQAPGK
GLEAVATITTGDGETAYADSVKGRFTISRDNAKNSVYLQMNSL
RAEDTAMY YCAANLRIGGDWEFDGRDFRAWGQGTLVTVSS

361

AS64511VH6

EVQLVESGGGLVQPGGSLRLSCAASRATYSTNYISWFRQAPGK
GREAVATITTGDGETAYADSVKGRFTISRDNAKNSVYLQMNSL
RAEDTAMY YCAANLRIGGDWFEDGRDFRAWGQGTLVTVSS

362

AS63931VH4

QVQLVESGGGVVQPGGSLRLSCAGSESGYGVSTMAWFRQAPG
KGLEGVAAITVGSGNTY YADSVTGRFTISRDNSKNTLYLQMNS
LRAEDTAVYYCAAGWLSGGSWHVPGRYNYWGQGTLVTVSS

363

AS63931VH5

QVQLVESGGGVVQPGGSLRLSCAGSESGYGVSTMAWFRQAPG
KGLEGVAAITVGSGNTY YADSVTGRFTISRDNSKNTVYLQMNS
LRAEDTAMYYCAAGWLSGGSWHVPGRYNYWGQGTLVTVSS

364

AS63931VH6

QVQLVESGGGVVQPGGSLRLSCAGSESGYGVSTMAWFRQAPG
KGREGVAAITVGSGNTYYADSVTGRFTISRDNSKNTVYLQMNS
LRAEDTAMYYCAAGWLSGGSWHVPGRYNYWGQGTLVTVSS

365

AS63997VH4

QVQLVESGGGVVQPGGSLRLSCAASESGYGVSTMAWFRQAPG
KGLEGVAAITVGSGNTYYADSVKGRFTISRDNSKNTLYLQMNS
LRAEDTAVYYCAVGYLSGGSWDVPGRYNYWGQGTLVTVSS

366

AS63997VHS5

QVQLVESGGGVVQPGGSLRLSCAASESGYGVSTMAWFRQAPG
KGLEGVAAITVGSGNTY YADSVKGRFTISRDNSKNTVYLQMNS
LRAEDTAMYYCAVGYLSGGSWDVPGRYNYWGQGTLVTVSS

367

AS63997VH6

QVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWFRQAPG
KGREGVAAITVGSGNTYYADSVKGRFTISRDNSKNTVYLQMNS
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LRAEDTAMYYCAVGYLSGGSWDVPGRYNYWGQGTLVTVSS

The camel and humanized sdAb sequences were fused with human IgG1 hinge
and Fc, resulting the chimeric and humanized HCAb sequences. The DNAs encoding
these HCAbs were synthesized and inserted into pTT5 vector. HCAb expression
plasmids were used to transfect HEK293 cells. Crude HCADb proteins secreted to the
medium were subjected to SPR affinity measurement as follows: briefly, capturing
antibody anti-human Fc pAb (GE healthcare) was immobilized on a Biacore™ CM5
chip to approximately 6,000 RU using EDC-activated amine coupling chemistry.
HCAD of interest was captured for 300 seconds onto the sensorchip surface. Human
DLL3 (AdipoGen, AG-40B-0151) was flowed over the sensorchip surface at a series
of increasing concentrations. Association and dissociation phases were monitored.
Captured antibody and antigen were removed between cycles using 10 mM
Glycine-HCI, pH 2.0 buffer in order to ensure a fresh binding surface for the antigen.
The resulting sensorgrams were fit globally using a 1:1 binding model in order to
calculate on- and off-rates (ka and kd, respectively), as well as affinities (Kp).

The binding affinities of some humanized sdAbs were measured and compared
those of the original camel sdAbs (Table 7). Most of the humanized antibodies
retained the binding affinities of the camel sdAbs. This example demonstrated that the
humanization of sdAbs using our standard protocol was successful. Most of the sdAbs
retained their binding affinities after humanization.

The scFvs have comparable Kp values (AS56788 and AS56704 in Table 7) when
assayed with the same procedure as described above.

Table 7. Monovalent binding affinity of camel and humanized antibodies as well
as scFvs.

Ligand ka (1/Ms) kd (1/s) Kp (M)

AS64380 6.7E+05 5.6E-03 8.4E-09
AS64380VH4 3.1E+05 4 4E-03 1.4E-08
AS64380VHS 5.9E+04 1.5E-03 2.6E-08
AS64380VH6 8.8E+04 1.5E-03 1.7E-08
AS64380VH7 3.2E+04 1.5E-03 4.5E-08
AS64511 1.3E+05 4.0E-04 3.0E-09
AS64511VH4 1.6E+05 9.4E-04 6.0E-09
AS64511VHS 1.6E+05 4.7TE-04 2.9E-09
AS64511VH6 1.4E+05 4 8E-04 3.4E-09
AS63997 3.9E+05 6.4E-03 1.6E-08
AS63997VH4 8.4E+05 1.8E-02 2.1E-08
AS63997VHS 5.8E+05 2.1E-02 3.7E-08
AS63997VH6 1.8E+06 6.0E-02 3.3E-08
AS64617 1.9E+05 3.8E-03 2.0E-08
AS69443 9.4E+04 9.0E-05 9.6E-10
AS63931 3.6E+06 1.7E-01 4.7E-08
AS64047 1.4E+05 9.6E-04 6.7E-09
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AS64052 1.0E+05 4.1E-04 4.0E-09
AS64062 1.0E+05 7.1E-04 6.9E-09
AS56788 1.3E+05 3.0E-03 2.3E-08
AS56704 6.60E+04 5.59E-04 5.59E-09

Example 8. Generation of monospecific humanized CARs

The amino acid sequences of anti-DLL3 humanized sdAbs were provided above
in Table 6 and the nucleic acid sequences of anti-DLL3 humanized sdAbs were listed
in SEQ ID NOs: 449-461. Humanized sdAbs in Table 6 and additional sequences
were used to generate full CAR constructs (SEQ ID NOs: 485-494). A full length
CAR contains from the N-terminus to the C-terminus: a CD8a signal peptide (SEQ ID
NO: 465), a DLL3 binding domain (humanized sdAbs) provided in Table 6, a CD8a.
hinge domain (SEQ ID NO: 466), a CD8a transmembrane domain (SEQ ID NO: 467),
a CD137 intracellular domain (SEQ ID NO: 468) or a CD28 intracellular domain
(SEQ ID NO: 469), and a CD3( cytoplasmic domain (SEQ ID NO: 470). Schematic
representation of a CAR construct is shown in FIG. 1. Nucleic acid encoding the CAR
fragment was then cloned into a lentiviral vector to create a full length CAR construct
in a single coding frame, using human EF1 alpha promoter for expression. The
resulting CAR backbone vector was named “PLLV-hEF1a-DLL3”.

Example 9. Evaluation of in vitro activity of humanized anti-DLL3 CAR-T cells

Similar to the procedure described in Example 4, potency of humanized CARs
was evaluated via CAR-T cell mediated killing of tumor cells, cytokine releasing and
long-term stimulation assay.
In vitro cytotoxicity assay

The results were shown in FIG. 6A-6D. Our humanized CAR-Ts showed
superior anti-tumor efficacy in vitro.
IFN-y release assay

Additionally, supernatants from the in vitro cytotoxicity assay were collected to
assess CAR-induced cytokine release, e.g., interferon gamma (IFN-y) and tumor
necrosis factor o (TNF-a) release. As shown in FIG. 7A and FIG. 7B, CAR3 CAR-T
and some anti-DLL3 CAR-Ts were stimulated by SHP-77 to produce IFN-yand
TNF-a, whereas UnT produced little IFN-y or TNF-q.
CART expansion by long-term stimulation assay

On Day 0, 1x10° SHP-77cells were plated in 24 well plates to establish a
monolayer. On Day 1, CAR-T cells were counted and 2x10” viable CAR* T cells were
plated on top of the SHP-77 cells in fresh media in the absence of cytokines. On day 3,
anew 1x10° NCI-H82 cells monolayer were plated on top of the CAR-T cells. On day
4, viable CAR-T cells were counted for each well. On the same day, 2x10° CAR* T
cells from wells that expanded (have at least this amount of cells) were re-plated to
establish a new monolayer as on Day 1. The process was repeated for 3-4 rounds of
stimulation. Fold expansion after each stimulation was calculated as [viable CAR™ T
cells on day 4]/ 2x10°, the amount of CAR-T cells plated on day 1 of each stimulation.
To normalize for cells discarded with each new stimulation, cumulative fold
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expansion was determined by [(fold expansion) x (fold expansion+1)...].

After 3 rounds of stimulation, the fold expansions of different CAR-T constructs
were calculated. As it was showed in FIG. 8, most CAR-T constructs expanded more
than CAR3 CAR-T with 3 rounds of stimulation by SHP-77 tumor cells.

Example 10. In vivo efficacy valuation of humanized CARs by CAR-T cells
mediated tumor growth inhibition

The anti-tumor activity of the humanized CARs was evaluated in a SHP-77
tumor model. SHP-77 cells were implanted subcutaneously in NOD/SCID mice and
randomized into 9 groups (4 mice per group, day 0): Vehicle (PBS only), UnT
(negative control), CAR3, CAS64380, CAS64380VHS, CAS64511, CAS64511VHS,
CAS63997, and CAS63997VHS. Treatment with CAR-T cells, UnT cells or vehicle
(PBS only) began when tumors were palpable (100 mm®) and mice were euthanized
when their tumor volumes reached about 3000 mm®. Tumor volumes were measured 2
times per week. CAR-T cells were administered intravenously with 0.2x10° CAR
positive T cells per mouse. Mice and tumors were monitored for about 21 days after
tumor cell implantation.

As shown in FIG. 9A-9], compared to benchmark CAR3, CAS64380VHS and
CAS63997VHS showed superior anti-tumor activity in this animal model.

Anti-tumor activities of these humanized CARs were not observed to correlate
with their potency of in vitro cell killing.

Listed below are some amino acid sequences and nucleic acid sequences
mentioned herein.
Camel sdAb Nucleic Acid Sequences
SEQ ID NO: 368 (Camel sdAb AS63930 Nucleic Acid Sequence)
GAGGTGCAACTGGCGGAGTCTGGGGGAGGATCGGTGCAGGCTGGAGGGTCTCTGAG
ACTCTCCTGTGCAGCCTCTGGATACACCTACAGTGGCAACTATATGGCCTGGTTCCGC
CAGGCTCCAGGGAACGAGCGCGAGGGGGTCGCAGTTGTTTATAATATTGACGGTGGC
GGTCGTTTCACTACCTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGGCA
ACGACAAGAACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGATAGTGGCA
TGTACTACTGTGCGGCAGAGGTAGCTGATCCGACCTGGGGGTCGCGTGACCAAAGAC
GATATAAGTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA
SEQ ID NO: 369 (Camel sdAb AS63932 Nucleic Acid Sequence)
CAGGTGCAATTGGAGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTGGATACACCTACGGTAGCACCTTCATGGGCTGGTTCCGCC
AGAATCCAGGGAAGGAGCGCGAGGGGGTCGCAGTTATTTATACTGGTGGTGGTAGTA
CATGGTATGCCAGCTCCGTGAAGGGCCGATTCACCATCTCCCAGGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGCGTTACGGGTCGGGAAACGTTAACTACTGGGGCCAGGGGACCCAGGTCA
CCGTCTCCTCA
SEQ ID NO: 370 (Camel sdAb AS63951 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCGCCTGTGAAACCTCTAGAGACATCTACGGTAACAACTGCATGGCCTGGTTCCGCC
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AGGCTCCAGGGAAGGAGCGCGAGGGAGTCGCGTCTATTTATCCTGCTGGTGGTCGCC
CGTACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGGACAGCCTGAAACCTGAGGACACGGCCATGTACTACT
GCGCGGCACGCTCTTTTTCGATAGCAGTTTGCGCGACGCGCTCTGGTATTACCAGGTC
TAATTTTGCTTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 371 (Camel sdAb AS63984 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACAGTAGCAACTTCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAACTATTGTTTCTGGTGGTGGTACCA
CATACTATGCCGACTCCGTGAGGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGGGGGCCCCGTTACGAACGCACCTAGATGGTACCCCCTCCGACCTCCTG
GTTATAACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 372 (Camel sdAb AS63987 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGAAGCCACTGGATATAGAAACTGCATGGCCTGGTTCCGCCAAGCTCCAG
GGAAGGAACGCGAGGGGGTCGCAGTTATTTATACTCCTAGTGGTATCACGGACTATG
CAAGCTCCGTGAAGGGCCGATTCACCATCTCCCAAAACAACGCCAGGAACACGCAGT
ATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACTGTGCGGCAG
ATCGACCCTTTGTTTGTAATATAGCGAATATGAGAAGGTCCTCCAACTGGGGCCGGG
GGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 373 (Camel sdAb AS63997 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGGCTCTTTCTCTGGATACGGCGTCAGTACCATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATTACAGTTGGTAGTGGAAAC
ACATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCAAG
AGGACGGTGTTTTTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTAC
TGTGCGGTCGGATACTTGTCGGGTGGTAGTTGGGACGTTCCCGGAAGGTATAACTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 374 (Camel sdAb AS64047 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTCAGTACGTTTACAGGTGGGACCTCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGCGGTCGCTGCTGTTTATACTGGTGATGGTATTA
CATACTATGCCGACTCCGTGAAGGGCCGATTCAGCATTTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGGCATGTACTTCT
GTGCGGCAGGCTTCGTCTCTGGTGGTAGATGGAACCAGTCATATCGTTATAAATACTG
GGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 375 (Camel sdAb AS64052 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACCGCAGCAACTTCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGATCGCAACTATTCATTCTGGTGTGGCTACCA
CATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGGGGGCCCCCCTGCGAACGCTGATAGATGGTACCCCCTCCGACCTCCTG
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GTTATAACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 376 (Camel sdAb AS64062 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGTTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTAGATCTCCCTACAGTAGCAGTAGGTGCATGGGGTGGTTCC
GCCAGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTCTTTATACTGGTGGTGGTA
GCACATCCTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCA
AGAATACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACT
ACTGTGCGGCAGTTGTCCCTAGGGGTGGTAGCTGCCGTCTTGATGAAAGAGGGTATT
ACCACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 377 (Camel sdAb AS64072 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCCGGAGGGTTTCTGAGA
CTCTCCTGTGCACTCTCTGGATACAGCTACTATATTAACTTGATGGCGTGGTTCCGTCA
GGCTCCAGGGAAGGAGCGCGAGGCAGTCGCAGCTCATGGTCCTGTGAGTGGGACAGC
ATACTATACCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACCCCGGCAAGAA
CACGATGTATCTTCAAATGTTTAGCCTGCAACCGGAGGACACTGCCCTCTACTACTGT
GCGGCGGAAACGACTATGGGTTGGGCCCACGAACGCGGGTATAGGTACTGGGGCCA
GGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 378 (Camel sdAb AS64097 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGAAGCCTCTGGATACACCTACAGTCGCAACTGCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATTAACACTGGTGGTGGTAGC
ACATATTATGCCGACTCCCTTGAGGGCCGATTCACCATCTCCCAAGACAACGCCAAG
AATACTATGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTAC
TGTGCGGCAGGTCCCGATCTCGGTGGTAGCTGGTGTCGGCCCGTTGAGCGGGCTTTTA
CGTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 379 (Camel sdAb AS64114 Nucleic Acid Sequence)
CAGGTGCAACTGCAGGAGTCTGGGGGGGGCTCGGTGCAGGCTGGAGGGTCTCTGACA
CTCTCCTGTGAAGCCTCTGGAAACACCTACAGTACTAATTACATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAAGAGGTCGCGGTTATTTACACTCGTGGTGGTCACA
CATACTATGTCGACTCCGTGAGGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGCTTCACGACATAGACTCCGTTTAAATAACCCACGGGACTATGACTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 380 (Camel sdAb AS64123 Nucleic Acid Sequence)
CAGGTGCAACTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACTTATACGAGCAACTGGCTGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGAGGTCGCAATTATTTATACTGGTAGTGGTAGTA
CACACTATCGCAGCTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGCGTTTCTCAGAGTATAATTACTGGGGCCAGGGGACCCAGGTCACCGTCT
CCTCA

SEQ ID NO: 381 (Camel sdAb AS64130 Nucleic Acid Sequence)
GAGGTGCAACTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACCGTAGCAACTTCATGGGCTGGTTCCGCC
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AGGCTCCGGCGAAGGAGCGCGAGGGGGTCGCAACTATTGATTCTCGTGGTACTATCA
CATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGAGAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGGGGGCCCCCGCACGAACGATGATAGATGGTACCCCCTCCGACCTCCTG
GTTATAACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 382 (Camel sdAb AS64137 Nucleic Acid Sequence)
CAGGTGAGGTTAGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCTGCCTCTGGATCCACCTACAGTACAAACTTCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAACGCTGGTTACTTGGGTTGAACGCA
CAGCCTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACCGCGCCAAGA
ACACGGTGTATCTACAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGCCGCCGCTTCCACTGATGTACGTCTCCTCGACCCGGGGGACTTTGCTTA
CTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 383 (Camel sdAb AS64142 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTTGGTGCAGACAGGGGGGTCTCTGAGA
CTCTCCTGTACAGCCTCTGGATTCACTTTTGATCGTAATGCCATGCGCTGGTACCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCTCATGTATTGATTGGACGGGTGCAAATA
TTGCCTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGA
ACACGCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGGCATGTATTACT
GTGCGGCAGATACGACGTCGGGGTATTGTTCAGGCTTTTGGTCTACGAGCCGGTACTC
ATGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 384 (Camel sdAb AS64154 Nucleic Acid Sequence)
CAGGTGCAATTGAAGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTACAGCCTCTGGATACACCTACAGATACCTCTACATGGGCTGGTTCCGCC
AGACTCCAGGGAAGGAGCGCGAGGGGGTCGCATGTATTTATACTGGTAGTGGTAGCA
CAGGGTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAACCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAAGTTCGCCCCGGTGGGGCGGTACCTGTCGACGCTGGTCTCAGTATAACT
ACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 385 (Camel sdAb AS64160 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCGGCCTCTGTATACACCAGCAGTAGCTACTGCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATGTGTTTTGGTGGTCTTGTCA
CACACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAATGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGATTTCGGCAGGGATAAAAACTATTTACGACCGTTACTGCCCCATGCAT
ATAACTACTGGGGCCAAGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 386 (Camel sdAb AS64228 Nucleic Acid Sequence)
CAGGTGCAATTGAAGGAGTCTGGGGGAGGTTCGATCCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGAGTCTCCTACAATAGGTGCAGTATGGGCTGGTACCGCC
AGGCTCCAGGGAAGGGGCGCGAGTTGGTCTCACGTATTCAGCCGGGTGGTAATACAT
ACTATGCAGACTCCGTGAAGGGCCGATTCACCGTCTCCCAAGACAACGCCAAGAACA
CAGTATCTCTACAAATGAACAGCCTGAAACCTGAGGACACGGCCATGTATTACTGTA
ACGCACTGTGCTGGCGGGAGAATGTTAACTACTGGGGCCAGGGGACCCAGGTCACCG
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TCTCCTCA

SEQ ID NO: 387 (Camel sdAb AS64300 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGACTGGAGGATCTCTGAGA
CTCTCCTGTGCAGTCTCTGGAGACATCTATAACCTCATGTCGATGGCCTGGTTCCGCC
GGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCATATATTAATACTATTATTGGTAACA
CATACTATACTGACTCCGTGAAGGGCCGATTCACCATCTCCCGCGATAACTCCAAGAA
CACTTTGTATCTGCAAATGAACAACCTGAAACCTGAGGACACAGCCATGTACTACTGT
GCGGCGTTCAATTACGGAGGTGCCTGGTACGAGGAACGCAGCTATAAATACTGGGGC
CAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 388 (Camel sdAb AS64380 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGTCTGGGGGGGGCTCGGTGCAGGCTGGAGGGTCTCTGACA
CTCTCCTGTGAAGCCTCTGGAAACACCTACAGTAGTAATTACATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGAGGTCGCGGTTATTTACACTCGTGGTGGTCACA
CATACTATGTCGACTCCGTGAGGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGTCTTCACGACATAGACTCGGTTTAAATAACCCACGGGACTATGACTACTG
GGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 389 (Camel sdAb AS64395 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCTGCCTCTGGATCCACCTACAGTACAAACTTCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAACGCTTGTTACTTGGGCTGAACGCA
CAGCCTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACCGCGCCAAGA
ACACGGTGTATCTACAAATGAACGGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGCCGCTTCCACTGCTGTACGTCTCCTCGACCCGGGGGACTTTGCTTACTG
GGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 390 (Camel sdAb AS64443 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATATACCGACAGTAGCGTCTACATAGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGAGGTCGCGATTATTTATACTGGTGGTGAAAGCA
CACACTATCGCAGCTCCGTGAAGGGCCGATTCACCGTCTCCCAAGACAACGCCAAGA
ACACGCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCATGTATTACT
GTGCAGCACGATTCCCAGCTGTTACCTACTGGGGCCAGGGGACCCAGGTCACCGTCT
CCTCA

SEQ ID NO: 391 (Camel sdAb AS64511 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTAGAGCCACCTACAGTACCAACTACATAAGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGCGGTCGCAACAATTACTACTGGTGATGGTGAG
ACAGCGTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCAAG
AACACGGTCTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTAC
TGTGCGGCGAACTTGCGAATCGGTGGCGACTGGTTCGACGGACGCGATTTTCGTGCCT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 392 (Camel sdAb AS64536 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTAGATACACCGACAATTTCGTGTACATGGGCTGGTTCCGCC
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AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCACTGATTTATCCTGGTGGTGGTAGCA
CCTACTATGCCTCCTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGG
GCACGGTGCATCTGCAAATGAACAACCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAAAATGGGGGCTGGGCGGGGGGGGCCTGAAATCAGATACGTATATGTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 393 (Camel sdAb AS64597 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACCGTGTCAACTTCATGGGCTGGTTCCGCC
AGACTCCAGGGAAGGAGCGCGAGGGGGTCGCAACTATTGATTCTGGTGTGGGTACCA
CATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCATAACAACGCCAAGA
ACACGATTTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGGGGGCCCCCCTACGGACGGTGATAGATGGTACCCCCTCCGACCTCCTG
GTTATAACTATTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 394 (Camel sdAb AS64617 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACTGATAGATGCAGCATGGCCTGGTACCGCCAGG
CTCCAGGGAAGGAGCGCGAGTTGGTCTCGCGTATTAGCACGAGCGGTTTCACAAACT
ACGCAGCCTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGAACACGG
TGTATCTGCAAATGAACAGCCTGAACCCCGGGGACACGGGCATGTATTACTGTGCCA
TAATCGTAGGACGTACTTGTAGTTTGAACTACTGGGGCAACGGCATCCTGGTCACCGT
CTCCTCA

SEQ ID NO: 395 (Camel sdAb AS64634 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCCGGATACAGTTTTAGAGGCGACTTTATGTGTATGGGCTGGT
TCCGCCAGACTCCAGGGAAGGGGCGCGAGGGGGTCGCAGTTTTTITATCCTGGTGGCG
GCAGCACAAACTATGCCGACTCCGCGAAGGGCCGATTCACCATCTCCCAAGACAACG
CCAAGAACACGATGTATCTGCAAATGAACACCCTGAAACCTGAGGACACTGCCATGT
ACTACTGTGCGGCTCGACGGTGGGTCAGTGGTACCTGCTACTGGGATAGTGACTTTCA
TTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 396 (Camel sdAb AS69498 Nucleic Acid Sequence)
CAGATGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGAAACACCTACAGTACCAATTACATGGCGTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGAGGTCGCGGTTATTTACACTCGTGGTGGTCACA
CCTACTATATCGACTCCGTGAGGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATAAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGTCTTCACGAATTAGACTCCATTGAATCGACCCACGGGACTATCACGACTG
GGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 397 (Camel sdAb AS69500 Nucleic Acid Sequence)
CAGGTGAGGTTAGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCGACAGATACACCTACAGTAGCGCCTGCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCCTCTATTTTTACTGGTACTGGTGGTA
GCACATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCA
AGAACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATATACT
ACTGTGCGGCAAGGGCCTTCCAGGTCGGTTACTGCTACCTGCGAACCGATGTGTATAA
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CTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 398 (Camel sdAb AS69527 Nucleic Acid Sequence)
GAGGTGCAGCTGGCGGAGTCTGGGGGAGGCTCGGTCCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTAGATACACCTTCAGTAGCACCTGCATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGAGGTCGCAGCTATTTATACTGATGATGGTAGCA
CATGGTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCTATGTACTACT
GTGCGGCACGTAGGTGGGCGTGCCCCAGGGTTGGTAGCTGGCATGAGTTCGCCTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 399 (Camel sdAb AS68280 Nucleic Acid Sequence)
CAGGTGCAACTGGTGGAGTCTGGGGGAGGCTCGGTGCACCCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATCCACCTACAGTTCCAACTACCTCGGCTGGTTCCGCC
AGGCTCCAGGAAAGGGGCGCGACTGGGTTGCGGCTATTAGCACTGGTGACGGTGCCA
CAGCCTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCTTGAAACTTGAGGACAGTGCCATGTACTACT
GTGCGGCGGCTCGCGGCAGATTTATCGATTGGACAAAGGCAACCCAGTATGACTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 400 (Camel sdAb AS68355 Nucleic Acid Sequence)
CAGATGCAGCTGGTGGAGTCTGGGGGAGACTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACAGCGGCGTCTGCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATTGATAGTGATGGTAGCACA
AGCTACGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAAAGACAACGCCAAGAAC
ACTCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACTGTG
CGGCAGCCATTGTCGGGGGTTTTAATGCATATTGTAGTGGTGGTTATGTTCTGGACTT
TGGTGCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 401 (Camel sdAb AS69443 Nucleic Acid Sequence)
GAGGTGCAGCTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTTCAGCCTCTGGTTTCACTTTTGATGATTCTGACATGGCCTGGTACCGCCA
GGCTCCAGGGGATGGGTGCGACTTGGTCTCAACTATTAGTAGTGATGGTAGCACATA
CTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGAACAC
GGTGTATCTGCAAATGCACAGCCTGAAACCTGAGGACACGGCCGTGTATTACTGTGC
GGCAGATTTCCTCACCGGCTTTTACTATAGCGACTCCCCCCATCCGGCCCCTTGTTCTG
CATCCGACTTTGGTTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 402 (Camel sdAb AS75376 Nucleic Acid Sequence)
CAGGTGCAATTGAAGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACAGTAGCCACTCCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGTTATTTATACTGGTGATGGTAGCA
CATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGATCCGAACCCCGATTATATGCTTCCGTTTCGGCCGTCCCGTAGGTCGTG
GTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 403 (Camel sdAb AS75387 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACCCCTACAGTAGCCCCTGCATGGCCTGGTTTCGCC
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AGGCTCCAGGGAAGGAGCGCGAGGGGGTTTTAGTTGCTTATACTGGTGGGGACATTC
AATACCTTACCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGGATCTGCGATTACCTCGTGCCGGCGGTTGTGCGTATAGCTACTGGGGCCA
GGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 404 (Camel sdAb AS75695 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTGGATACACCGTCAGTGCCTACTGTATGGGCTGGTTCCGCC
AGGTTCTAGGGAAGGGGCGCGAGAGGATCGCATTTATCGATGCCGGGGGTGCTACGA
TTTACGCAGACCCCGTGAAGGGCCGATTCACCATCTCCAAAGACAACGCCAAGAACA
CTCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACTGTGT
TGCAGATCGCCGGGGGCGGGTACGTCGGTGCGAGTATAACGCCTGGGGCCAGGGGAC
CCAGGTCACCGTCTCCTCA

SEQ ID NO: 405 (Camel sdAb AS76169 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACATTTACAGTAGCTTCTGCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGTGGTCGCGTATATTCGCGATAATATTATGACAA
GTTACACAGACTCCGTGAAGGGCCGATTCACCATCTCCAAAGACAACGCCAAGAGAA
CTCTGTATCTACAAATGAACGGCCTGAAACCTGAAGATACTGGCATGTACTACTGTGC
GGTAGACCGGGGGGGATACGCTAATAGTTGCGCGGTAGCGGCCCGGTATGATTACTG
GGGCCGGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 406 (Camel sdAb AS63931 Nucleic Acid Sequence)
GAGGTGCAGCTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGGGGGTCTCTGAGA
CTCTCCTGTGCAGGCTCTTTCTCTGGATACGGCGTCAGTACCATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATTACTGTTGGTAGTGGAAACA
CATACTATGCCGACTCCGTGACGGGCCGATTCACCATCTCCCGAGACAACGCCAAGA
GGACGGTGTATTTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCCGGATGGTTGTCGGGTGGTAGTTGGCACGTTCCCGGCAGGTATAACTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 407 (Camel sdAb AS63937 Nucleic Acid Sequence)
CAGGTGAAGTTAGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATCCACCATCAGTAGTCGCCCGATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCGTGTATACATACTGGTCTTGGTAGAA
CATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAGTGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGACTCGCGGCGGCCGTGTATGGTAGCCGCAGGGTATACCTACTGGGGCC
AGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 408 (Camel sdAb AS63948 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTACAGCCTCTGGATACACCTATAGATACCTCTACATGGGCTGGTTCCGCC
AGACTCCAGGGAAGGAGCGCGAGGGGGTCGCATGTATTTATACTGGTAGTGGTAGCA
CAGGGTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCGAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGCTTCGCCCCGGTGGGGTGGTACCTGTCGACGGTGGTCCGAGTATAACT
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ACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 409 (Camel sdAb AS63956 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTTGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCCGGATTCACCTACAGTAACTGCTGCATGAGGTGGTACCGCC
AGGCTCCAGGGAAGGCGCGCGAGTTGGTCTCATTAATTAATAGTAGTGGTGGCACAT
ACTATGCAGACTCTGTGAGGGGCCGATTCACCATCTCCAAAGACAACGCCAAGAACA
CGCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCATGTATTACTGTG
CGGCTTACCAAGCCAAGTACTGTTCAGGCCCTTGCGCCCCCCCAACTGACTGGGGCCA
GGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 410 (Camel sdAb AS63965 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTGGATACAGCAGCGGTAGTTGTCGCATGGGCTGGTACCGCC
AGGCTCCAGGGAAGGAGCGCGAGTTGGTTTCAAAGGTTATTAGTGATGGTACTACAG
TCTATGCAGACTCCGTGAAGGGCCGATTCACCCTCTCCCAAGGAAACGCCAAGAACA
CGGTGTATCTGCAAATGAGTAGCCTGTTACCTGAGGACACGGCCATGTATTACTGTAA
TGCATGGTGTAGGGAGTATCCCGGGGGGATCCTGAATAACGGCTGGGGCCAGGGGAC
CCAGGTCACCGTCTCCTCA

SEQ ID NO: 411 (Camel sdAb AS63993 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGGGGCTTGGTGCAGGCAGGGGGGTCTCTGAGA
CTCTCCTGTACAGTTTCTGGATTCACTTTCGATGACCTCGTCATGGCCTGGTTCCGCCA
GGCTCCAGGGAAGGAGCGCCAACTTGTCTCGTTGGTTGCGACTGCTGGTAATAGCGT
CTATGCAGACTCCGTGAAGGGCCGATTCACACTCTCCAGAGACAACGCCCACAGCAC
GGCGTATCTGCAAATGAACGGCCTGAAACCTGAGGACACGGCCATGTATTACTGTGC
GGCACGTACCGATTCTGAGCATGCGTTTAAGTTCTGGGGTCAGGGGACCCAGGTCAC
CGTCTCCTCA

SEQ ID NO: 412 (Camel sdAb AS63999 Nucleic Acid Sequence)
GAGGTGCAACTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACTTACAGTAGCAACTGGATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGAGGTCGCAATTATTTATACTGGTGGTATTAGTA
CACACTATCGCAGCTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGCGTTATACAGACTATAACTACTGGGGCCAGGGGACCCAGGTCACCGTCT
CCTCA

SEQ ID NO: 413 (Camel sdAb AS64006 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGAAGTCTCTGGATACACCGGCGATACGACTTACATAGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCACTTATTTATACTAGTGGTACTAGCG
AGTACTACGCCGACTCCGTGAAGGGCCGATTCATCATCTCCCGAGACAACGCCAAGA
ACACGGTGTATTTACAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGGCGCACGGAGCCGCACGATGATGTACTGGGGCCAGGGGACCCAGGTCACCGTCT
CCTCA

SEQ ID NO: 414 (Camel sdAb AS64057 Nucleic Acid Sequence)
CAGGTGCAATTGGAGGAGTCTGGGGGAGGCTTGGTGCAGACAGGGGGGTCTCTGAGA
CTCTCCTGTACAGCCTCTGGATTCACTTTTGATCGTAATGCCATGCGCTGGTACCGCC
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AGGCTCCAGGGAAGGAGCGCGAGGGGGTCTCATGTATTAGTTGGACGGGTGCAAATA
TTGCCTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGA
ACACGCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGGCATGTATTACT
GTGCGGCAGATACGACGTCGGGGTCTTGTTCAGGCTTTTGGTCTACGAGCCGGTACTA
CTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 415 (Camel sdAb AS64060 Nucleic Acid Sequence)
CAGGTGAAGTTAGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATCCACCTACTGTACCTACCGTATGAGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGTTCGTCGCAGTTATTGATAGTGGCGGTAGCACAA
GCTACGCAGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCAAGAACA
CGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCATGTATTACTGTA
AAACAGATCCAACCATCGGCTGCCCCCAGACATATAGGTATAACTACTGGGGCCAGG
GGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 416 (Camel sdAb AS64071 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTGGAAACACTTACAGGCTCAACTCTATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCATTTATTGTTATGATTAGAGGTACCA
CATACTATGGCGCCTCCGTAAAGGGCCGATTCACCATCTCCCAAGACAACGCCCAGA
CCACGGTGTATCTGCAAATGAGCAGCCTGAAACCGGAGGACACTGCCATGTACTACT
GTGCGGCATCCACTAAGGACCAGTTTTATGTATTTAATCCTATTGGGTATGACTCTTG
GGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 417 (Camel sdAb AS64093 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAACCTCTAGATACATCTACGGTAACAACTGCATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGAGTCGCGTCTATTTATCCTGCTGGTGGTCGCA
CGTACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATTGACAGCCTGAAACCTGAGGACACGGCCATGTACTACT
GCGCGGCACGCTCTTTTTCGATAGGAGTTTGCGCGACGCAGTCTGGTATTACCTGGTC
TAATTTTGCTTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 418 (Camel sdAb AS64118 Nucleic Acid Sequence)
CAGGTGCAACTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACAGTGCCTGTAGAATGGCCTGGTACCGCC
AGGCTCCCGGGAAGGAGCGCGAGTTGGTTTCATTTATTAATAGTGCTGGTAGCACAT
ACTATGCCGACTCCGTGAAGGGCCGATTCGCCATCTCCCGAGACAACGCCAAGACAA
CGGTGTATCTACAAATGAACGCCCTGAAAGCTGAGGACACGGCCATATATTACTGTA
ACACATGGGATAGTAGCTGCCGCTTTCAGTACTGGGGCCAGGGGACCCAGGTCACCG
TCTCCTCA

SEQ ID NO: 419 (Camel sdAb AS64120 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGAAACCTCTAGATACATCTACGGTAACAACTGCATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGAGTCGCGTCTATTTATCCTGCTGGTGGTCGCC
CGTACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAAGACAACGCCAAG
AACACGGTGTATCTGCAAAATGGACAGCCCTGAAAACCTGAGGACACGGCCCATGTA
CTACTGCGCGGGCACGCTTCTTTTTTCGATAGCAAATTGCGCCAACGCAATCCTGGTA
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TTAACCAGGGCCAAATTTTGGCTTACGGGGGCCAGGGGACCCAGGTCACCCTTCTCCT
CA

SEQ ID NO: 420 (Camel sdAb AS64124 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGACTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGTCTCTACGTACACCCCCAGTAACAACTACATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGCGTCGCGGCTATCGCTACTATTGGTGGTACCA
CACGTTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACGGCGCCAAGA
ACACGATATATCTGCAAATGAACGGCCTGAAACCGGAGGACACTGCCATGTACTACT
GTGCGGCCGGGCGGCCATACTCATTACCCTTACCCTTACCCTTGGAAAGCGGTGCGTA
TCGCTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 421 (Camel sdAb AS64135 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTACATCAACCTACTGTAGGTACTACATGCGCTGGTACCGGC
AGGCTCCAGGGAAAGAGCGCGAGTTCGTCTCAGCGATGCAACCCGATGGTACGACAA
GCTACTCAGACTCCGTGAAGGGCCGATTCACCATGTCCCAAGACAGAGCCAACAATA
TGTTGTATCTGCAAATGAACAGCCTGAGGCCTGAGGACACGGCCATGTATTACTGTA
AAAGAGATCCAATGGGGGGTTCAAGGACCCCGTGCACCTCCGCCTGGGGCCAGGGGA
CCCAGGTCACCGTCTCCTCA

SEQ ID NO: 422 (Camel sdAb AS64163 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGTCTCTGGATACAGATATAGATGGAACTGCATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATTTCTACTGGAAGCGGAAGC
ACATACTATGCCGGCTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAG
AACATGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACTGT
GCGGCAGATCCTTCGGTTTGCCCCGGTGGTATGTGGTACTCCAAAGAGTATAGGTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 423 (Camel sdAb AS64182 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGCACAGCCTCTGGACAGACCTCCAGATACCTCTACATGGGCTGGTTTCGCC
AGACTCCAGGGAAGGAGCGCGAGGGGGTCGCATGTATTTATACTGGTAGTGGTAGCA
CAGGGTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAACGAATAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAAGTTCGCCCCATTGGGGCGGTACCTGTCGACGCTGGTCCGAGTATAAGT
ACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 424 (Camel sdAb AS64183 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGACACACCTACAGTGCCAACTGCATGGCCTGGTTCCGCC
GGGCCCCAGGGAAGGAGCGCGAGTGGGTCGCGTCGGTTTATACTGATGATGATAGCA
CAATGTATACCGACTCCGTGAAGGGCCGATTCACCATCTTCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGGCATGTACATCT
GTGCGGCAGATTTAAGCGGAGGACCGGCCGGTTGTGGGTATACCCACTGGGGCCAGG
GGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 425 (Camel sdAb AS64207 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
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CTCTCCTGTGCAGCCTCTGGATACACCTACAGTAGCAACTTCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAACTATTGTTTCTGGTGGTGGTACCA
CATACTATGCCGACTCCGTGAGGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGGGGGCCCCCCTACGAACGGTGCTAAGTGGTACCCCCTCCGACCTCCTG
GTTATAACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 426 (Camel sdAb AS64276 Nucleic Acid Sequence)
CAGGTGCACCTGATGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGC
CTCTCCTGTGTAGTCTCTGGATACACCGGCAGTAGCCGCTGTATGGCCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGCGGTCGCACAAATTTTTACTGGTCGTGGTACCA
CAGGCTATGCCGACTCCGTGAAGGGCCGATTCACTATTTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCGAATGAACAGTCTGAGACCTGAGGACACTGCCATTTACTACT
GTGCGGCGAGTCTCGGCCCGGGACGCGGAGCCTGTGGGTATAACTACTGGGGCCAGG
GGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 427 (Camel sdAb AS64336 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTAAGA
CTCTCCTGTACAACCTCTGGACGCACCTACAGTAGCTGCAGCATGGGCTGGTACCGCC
AGGCTCCAGGGAAGGAGCGCGAGTTGGTCTCACATATTTTTAGTGATGGTAGCAGAT
ACTATGCAGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGAACA
CGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCATGTATTACTGTA
ACCGCCGTACGGGTTGGGCACCAAGGTGCGCTGTTCCCGGTTACTGGGGCCAGGGGA
CCCAGGTCACCGTCTCCTCA

SEQ ID NO: 428 (Camel sdAb AS64346 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTATTTCATGGGCTGGTTCCGCCAGGCTCCAC
AGAAGGAGCGCGAATGGGTCGCGACTATTGGTACTGGTGATATTTTCAATGGCGCTG
CTTACTATGTCGACTCCGTGAAGGGCCGATTCGCCATCTCCCAAGACAACGCCAAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAAGACACTGCCGTGTACGTCT
GTGCGGCAGTTCAATCGAAATCCTCAAACTACGTGTTGAGAGACGCATCTACCTACA
ACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 429 (Camel sdAb AS64420 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGAAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGAGACACCAGTAGAAGCGTCTGGATGGGCTGGGCCCGC
CAGGTTCCAGGGAAAGAGCGCGAGGTGGTCGCAACCATTAGTACTGCCGGTGGTAGT
ACATGGTATACCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAG
AACACGGTGTACCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATATACTAT
TGTGCGGCCAGAAGCAGATATGCTACCTACTGGGGCCAGGGGACCCAGGTCACCGTC
TCCTCA

SEQ ID NO: 430 (Camel sdAb AS64473 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTACAGCCTCTGGATACACCTACAGATACCTCTACATGGCCTGGTTCCGCC
AGACTCCAGGGAAGGAGCGCGAGGGGGTCGCATGTATTTATACTGGTAGTGGTACCA
CAGGGTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
ATACGGTGTATCTGCAAATGAACAGCCTGAACGCTGAGGACACTGCCATGTACTACT
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GTGCGGCAAGTTCGCCCCAGTGGGGCGGTACCTGTCGACGCTGGTCCGAGTATAACT
ACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 431 (Camel sdAb AS64475 Nucleic Acid Sequence)
CAGGTGCAACTGCAGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTGGAGTCGCAACTGGATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGTTCGCAACTATTACAATTAGTGGTGGTAGCA
CATGGTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCTAGACAACGCCGGGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGCGGGATACCGCGCGGACCTACTGGGGCCAGGGTACCCAGGTCACCGTCT
CCTCA

SEQ ID NO: 432 (Camel sdAb AS64513 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAATCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTGACTACCCCTACATAGACAACTGCATGGGCTGGTTCCGCC
AGGGTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTGCGTGTACTGGTGGTGGTAGC
ACATATTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCAAG
AACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGACGTGTACTAC
TGTGCGACAGGCTACTATAGCGGCTCTGGTCCGGGGTATTTACTCCCATGGAGGTATA
ACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 433 (Camel sdAb AS64562 Nucleic Acid Sequence)
GAGGTGCAACTGGTGGAATCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCGCTAGGCGCGACTTCATGGCCTGGTTCCGCC
AGGTTCCAGGGAAGGAGCGCGAGGGGGTCGCAGTCATTCATACTGGTGGTGACACCA
CATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGCGACAACGCCCAGA
ACATAATGAATCTGCAAATGAACAGCCTTAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGGTTTCCGTCCGCGTGGTGGAGGATACACGGGTGACGTCTTGGCCCAGG
CTGCGGCATACAACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 434 (Camel sdAb AS64583 Nucleic Acid Sequence)
GAGGTGCAGCTGGCGGAGTCTGGGGGAGGCTTGGTGCAGGCAGGGGGGTCTCTGAG
ACTCTCCTGTACAGCCTCTGGATTCACTATTGCTGTTTATACCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGAATCTCATGTACTAGCTGGGCTGGTGGTCGCA
CATACACTGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAGA
ACACGCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACGGCCATGTATTACT
GTGCGGCAAAGGCACATCCCGACTGTTCAGGGGATTGGTCCCCATCTGGGTATGAAT
ACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 435 (Camel sdAb AS64594 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACAATAGCAACTACATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCACTTATTTATACTGGTGGTGGTAGCA
CATATTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCAAAA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTTCGGTAAGAACGCAGACGCGTAACTACTGGGGCCAGGGGACCCAGGTCACCGTCT
CCTCA

SEQ ID NO: 436 (Camel sdAb AS64605 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
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CTCTCCTGTGCAGTTTCTAGATATCCCTACAGCAGCATCTGCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGAGCGAGGGTGTCGCACGTATTTATACTGGTACTGGTAGTA
CATGGTATACCGACTCCGTGAAGGGCCGATTCACCATCGCCCGAGACAACGCCCAGA
ACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCGCGTAGCAATTCATATTCATATTCAAGTTGTGATTACGGCCCCCTCACGAG
GGGGGGGTATAACTTCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 437 (Camel sdAb AS64606 Nucleic Acid Sequence)
GAGGTGCAGCTGGCGGAGTCTGGGGGAGGATCGGTGCAGGCTGGAGGGTCTCTGAG
ACTCTCCTGTGCAGTCTCTGGATACACCAGCCGTAGCAATTACATGGGCTGGTTCCGC
CAGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCGCTAATTTATACTCGTGGTGGTAGC
ACATACTATGCCTCCTCCGTGAAGGGCCGGTTCACCATCTCCCAAGACAGTGCCAAG
AAAACGTATCTGCAAATGAACAGTGTGAAACCGGAGGACACTGCCATGTACTACTGT
GCTTTGCGCCTTGATGAGAAGATGTACTGGGGCCAGGGGACCCAGGTCACCGTCTCC
TCA

SEQ ID NO: 438 (Camel sdAb AS68121 Nucleic Acid Sequence)
GAGGTGCAGCTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGATGCCTCTGGATACACCTACAGCCGCAACTGCATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCGTTCTATACTGATTATATTCGTT
TTGGGCGCACATATTATGCCGACTCCGTGAAGGGCCGATTCACCATCTTCCAAGACAA
CGCCAAGAACACGGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCAT
GTACTACTGTGCGGCAGATCCTGGGAGTCGTACAGACGATAGTTGTGGTACCTCATAC
AACAAAGGGAATTTTGGTTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 439 (Camel sdAb AS68170 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCGCTGAGA
CTCTCCTGTACAGCCTCTGGATACACCTACAGAAGCAACTGTATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAACAATCTATACTGGTGGTGGTCGTA
ATCTATACTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCA
AGAACACCCTGTACCTGCAAATGAACAGCCTGAAGCCTGAGGACTCTGCCAGGTACT
ACTGTGCGGCCGCGAGTGACGTGGCAGTTGGTGTTAATTCCTGCGGGGGAAGGACTG
CGGGGTTTGACGCCTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 440 (Camel sdAb AS63964 Nucleic Acid Sequence)
CAGGTGAGGTTAGTGGAGTCTGGGGGAGGATCGGTACAGGCTGGAGGGTCTCTGAGA
CTCTCCTGCTCAGCCTCTGGATACACCTACAGTTACAACAATATGGGCTGGTTCCGCC
AGGCTCCAGGGAACGAGCGCGAGGGGGTCGCAGCTATTAGTGGTGGTCGTTTCACCG
CCTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCGAGACAACGCCGAGAACA
CGCTGTATCTGCAAATGAACAACCTGAAACCTGAGGACACTGGGATGTACTACTGTG
CGGCAGAGGTAGTTGATCCGACCTGGGGGTCGCGTGACCAAAGACGATATAAGTACT
GGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 441 (Camel sdAb AS64116 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCGTGTGCAGCCTCTGGATACATCTACAGTTGCGTGGGCTGGTTCCGCCAGGCTC
CAGGGAAGGAGCGCGAGGGGGTCGCAGGTATTAGTACTGGTGGTGGTGGCACAGTCT
ATGCCGACTCCGTGAAGGGCCAATTCACCATCTCCCGAGACAACGCCAAGAACACGG
TGTACCTGCAAATGGACAGCCTGAAACCTGAGGACACTGCCATGTACTACTGTGCGG
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CAGATCGATGGAATTCATTCGCTAATTGCGGTGCCTGGGGAAGGTATACCTACTGGG
GCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 442 (Camel sdAb AS68270 Nucleic Acid Sequence)
CAGGTGCAACTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTGGATACCCCTCTTCCACCTACTACATGCTCAGCATGGCGTG
GTTCCGCCAGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCCGCTATTACTAGCGGTAC
TGGGAGCACAAGCTACGCAGACTCCGTGAAGGACCGATTCACCATCTCCAAAGACTA
CGCCAACAACACTCTGTATCTGCACATAAACAACCTGAAACCTGAGGACACTGCCAT
GTACTACTGTGCGGCAGCCTCAGGTTGGATCGTTCCTAGTAGGTCCCTGACCGCCAAC
CTATATAGGTATTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 443 (Camel sdAb AS68320 Nucleic Acid Sequence)
CAGGTGCACCTGGTGGAGTCTGGGGGAGACTCGGTGCAGGCTGGAGGGTCCCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTACAATACCAACTACATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATTTATAGACATAGTGGTAACA
CAGCCTATGCCGACTCCGTGAAGGGCCGATTCACCATCTCCCAAGACTACGCCAAGA
ACACCGTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACT
GTGCGGCAGGGCGCGCTGGTCCCTGGGCCCTGATGCGCCCGACTGAGTTTGGTTACTG
GGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 444 (Camel sdAb AS68351 Nucleic Acid Sequence)
CAGGTGCAATTGGAGGAGTCTGGGGGAGGCTTGGTGCAGCCTGGGGGGTCTCTGAGA
CTCTCCTGTGCGGCCTCTGGAGACACATTITCGTGCCTATTACATGAACTGGGTCCGCC
AGGCTCCAGGGAAGGGATTCGAGTGGGTCTCAGGTATTAGCGCCAGTGGCGGCCGTA
CGTCATACGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAGAGACAACGCCAAAA
ACACGCTGTATCTGCAATTGAACAGCCTGAGCACTGAGGACACGGGCATGTATTATT
GTGTAAAGGGAGCTGTCCGTCTCTCGACATCGTCAGTACGGGATTCGTCCTGGGGCCA
GGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 445 (Camel sdAb AS75378 Nucleic Acid Sequence)
CAGGTGCAATTGGAGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGTCTCTGGAAACACCCGCAGTACCACGTACATGGGCTGGTTCCGCC
AGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAATAGTTTATACTGGTGGTCGTGACA
CATACTATGCCGCCTCCGTGAAGGGCCGATTCACCATCTCCCAAGACAACGCCAAGA
CAACGATCTATCTGCAAATGAACAGTCTGGAACCTGAGGACACTGCCATGTACTACT
GTGCGGCACGCTCATATGAGTATACCTACTGGGGTCGGGGGACCCAGGTCACCGTCT
CCTCA

SEQ ID NO: 446 (Camel sdAb AS75383 Nucleic Acid Sequence)
GAGGTGCAACTGGCGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGTAGCCTCTGGATACACCTTCAGTAGCTACTGCTTGGGCTGGTTCCGCC
AGGCTCCAGGGAAGCAGCGCCAGGGGGTCGCAACGTTTAATAATAGAGGTGTCGCAA
ACTACCACGATTCCGTGAAGGGCCGATTCACCGCCTCCGTAGACAACGCCAAGAACA
CTCTGCTTCTGCAAATGAACAGCCTGGAACCTGACGACACGGCCATGTACTACTGTGC
GGCGGATCGCCGGTACGGTCGTCAGTGGTATCAGCCTTGCGAGTGGAACACCTGGGG
CCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 447 (Camel sdAb AS75751 Nucleic Acid Sequence)
CAGGTGAGGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
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CTCTCCTGTGTAGCCTCTGGATACTTCTACAATACCTACTACTTTATGGGCTGGTTCCG
CCAGGCTCCAGGGAAGGAGCGCGAGGGGGTCGCAGCTATTGATACTGATGGTAGAAC
AAGTTACGCAGACTCCGTGAAGGGCCGATTCACCATCTCCAAAGACAACGCCAAGAA
CACTCTGTATCTGCAAATGAACAGCCTGAAACCTGAGGACACTGCCATGTACTACTGT
GCGGCAGGTTTTGGCTATATGAATGTTATTCAGGCTCTTAATGGCATGAGACAGAATC
CCGACTACTGGGGCCAGGGGACCCAGGTCACCGTCTCCTCA

SEQ ID NO: 448 (Camel sdAb AS76422 Nucleic Acid Sequence)
CAGGTGAAGTTGGTGGAGTCTGGGGGAGGCTCGGTGCAGGCTGGAGGGTCTCTGAGA
CTCTCCTGTGCAGCCTCTGGATACACCTTCGCTGGCAACTGCTTGGGCTGGTTTCGCC
AGGCTCCAGGGAAGGGGCGCGAGGGGGTCGTAACGTACAATAACTTCGGTGTCGCCA
ACTACGCCGATTCCGTGAAGGGCCGATTCACCGTCTCCCAAGACAACGCCAAGAACA
CTCTGCTTCTGCAAATGAACAGCCTGGAACCTGAGGACACTGCCATGTACTACTGTGC
GGCGGACCGCCGGGACGGTCGTCGCTGGTCTCAGCCTTGCGAGTGGAATACCTGGGG
CCAGGGGACCCAGGTCACCGTCTCCTCA

Humanized Camel sdAb Nucleic Acid Sequences

SEQ ID NO: 449 (Humanized sdAb AS64380VH4 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGAGCGGAGGAGGACTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGCATCTGGAAACACCTACAGCTCCAATTATATGGGATGGTTCAGGC
AGGCACCTGGCAAGGGACTGGAGGAGGTGGCCGTGATCTACACCAGGGGAGGACAC
ACATACTATGTGGACTCCGTGCGGGGACGGTTCACCATCAGCAGGGATAACGCCAAGA
ACAGCCTGTATCTGCAGATGAACTCTCTGAGAGCCGAGGACACAGCCGTGTACTATTG
TGCAGCATCTAGCAGGCACAGGCTGGGCCTGAACAATCCAAGGGACTACGATTATTGG
GGCCAGGGCACCCTGGTGACAGTGTCCTCT

SEQ ID NO: 450 (Humanized sdAb AS64380VHS Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGAGCGGAGGAGGACTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGCATCTGGAAACACCTACAGCTCCAATTATATGGGATGGTTCAGGC
AGGCACCTGGCAAGGGCCTGGAGGAGGTGGCCGTGATCTACACCAGAGGCGGCCACA
CATACTATGTGGACTCCGTGCGGGGACGGTTCACCATCAGCCAGGATAACGCCAAGAA
CAGCCTGTATCTGCAGATGAACTCTCTGAGGGCCGAGGACACAGCCGTGTACTATTGT
GCAGCATCTAGCAGGCACAGGCTGGGCCTGAACAATCCAAGGGACTACGATTATTGGG
GCCAGGGCACCCTGGTGACAGTGTCCTCT

SEQ ID NO: 451 (Humanized sdAb AS64380VH6 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGAGCGGAGGAGGACTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGCATCTGGAAACACCTACAGCTCCAATTATATGGGATGGTTCAGGC
AGGCACCTGGCAAGGGCCTGGAGGAGGTGGCCGTGATCTACACCAGAGGCGGCCACA
CATACTATGTGGACTCCGTGCGGGGACGGTTCACCATCAGCCAGGATAACGCCAAGAA
CAGCGTGTATCTGCAGATGAACTCTCTGAGGGCCGAGGACACAGCCATGTACTATTGT
GCAGCATCTAGCAGGCACAGGCTGGGCCTGAACAATCCAAGGGACTACGATTATTGGG
GCCAGGGCACCCTGGTGACAGTGTCCTCT

SEQ ID NO: 452 (Humanized sdAb AS64380VH7 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGAGCGGAGGAGGACTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGCATCTGGAAACACCTACAGCTCCAATTATATGGGATGGTTCAGGC
AGGCACCTGGCAAGGGAAGAGAGGAGGTGGCCGTGATCTACACCAGGGGAGGACAC
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ACATACTATGTGGACTCCGTGCGGGGACGGTTCACCATCAGCCAGGATAACGCCAAGA
ACAGCGTGTATCTGCAGATGAACTCTCTGAGGGCCGAGGACACAGCCATGTACTATTG
TGCAGCATCTAGCAGGCACAGGCTGGGCCTGAACAATCCAAGGGACTACGATTATTGG
GGCCAGGGCACCCTGGTGACAGTGTCCTCT

SEQ ID NO: 453 (Humanized sdAb AS64511VH4 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGTCCGGAGGAGGACTGGTGCAGCCAGGAGGCTCTCTGAG
GCTGAGCTGCGCAGCATCCAGAGCAACCTACTCTACAAACTATATCAGCTGGTTCAGG
CAGGCACCTGGCAAGGGACTGGAGGCAGTGGCAACCATCACCACAGGCGATGGCGAG
ACAGCCTACGCCGACTCTGTGAAGGGCAGGTTTACCATCTCCCGCGATAACGCCAAGA
ACAGCCTGTATCTGCAGATGAACAGCCTGAGGGCCGAGGACACAGCCGTGTACTATTG
TGCAGCAAATCTGAGGATCGGAGGCGACTGGTTCGATGGAAGGGACTTTAGAGCATGG
GGACAGGGAACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 454 (Humanized sdAb AS64511VHS Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGTCCGGAGGAGGACTGGTGCAGCCAGGAGGCTCTCTGAG
GCTGAGCTGCGCAGCATCCAGAGCAACCTACTCTACAAACTATATCAGCTGGTTCAGG
CAGGCACCTGGCAAGGGACTGGAGGCAGTGGCAACCATCACCACAGGCGATGGCGAG
ACAGCCTACGCCGACTCTGTGAAGGGCAGGTTTACCATCTCCCGCGATAACGCCAAGA
ACAGCGTGTATCTGCAGATGAACAGCCTGAGGGCCGAGGACACAGCCATGTACTATTG
TGCAGCAAATCTGAGGATCGGAGGCGACTGGTTCGATGGAAGGGACTTTAGAGCATGG
GGACAGGGAACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 455 (Humanized sdAb AS64511VHG6 Nucleic Acid Sequence)
GAGGTGCAGCTGGTGGAGTCCGGAGGAGGACTGGTGCAGCCAGGAGGCTCTCTGAG
GCTGAGCTGCGCAGCATCCAGAGCAACCTACTCTACAAACTATATCAGCTGGTTCAGG
CAGGCACCTGGCAAGGGAAGGGAGGCAGTGGCCACCATCACCACAGGCGATGGCGA
GACAGCCTACGCCGACTCTGTGAAGGGCAGGTTTACCATCTCCCGCGATAACGCCAAG
AACAGCGTGTATCTGCAGATGAACAGCCTGCGGGCCGAGGACACAGCCATGTACTATT
GTGCAGCAAATCTGAGGATCGGAGGCGACTGGTTCGATGGAAGGGACTTTAGAGCATG
GGGACAGGGAACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 456 (Humanized sdAb AS63931VH4 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGAGCGGAGGAGGAGTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGGCTCTTTCAGCGGATACGGCGTGTCCACCATGGCATGGTTTAGG
CAGGCACCTGGCAAGGGACTGGAGGGAGTGGCAGCAATCACCGTGGGATCCGGAAA
CACATACTATGCCGACTCTGTGACCGGCCGGTTCACAATCTCTAGAGATAACAGCAA
GAATACCCTGTATCTGCAGATGAACAGCCTGCGGGCCGAGGACACAGCCGTGTACTA
TTGTGCAGCAGGATGGCTGTCCGGAGGATCTTGGCACGTGCCCGGCAGGTACAACTA
TTGGGGCCAGGGCACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 457 (Humanized sdAb AS63931VHS Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGAGCGGAGGAGGAGTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGGCTCTTTCAGCGGATACGGCGTGTCCACCATGGCATGGTITAGG
CAGGCACCTGGCAAGGGACTGGAGGGAGTGGCAGCAATCACCGTGGGATCCGGAAA
CACATACTATGCCGACTCTGTGACCGGCCGGTTCACAATCTCTAGAGATAACAGCAA
GAATACCGTGTATCTGCAGATGAACAGCCTGCGGGCCGAGGACACAGCCATGTACTA
TTGTGCAGCAGGATGGCTGTCCGGAGGATCTTGGCACGTGCCCGGCAGGTACAACTA
TTGGGGCCAGGGCACCCTGGTGACAGTGAGCTCC
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SEQ ID NO: 458 (Humanized sdAb AS63931VHG6 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGAGCGGAGGAGGAGTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGGCTCTTTCAGCGGATACGGCGTGTCCACCATGGCCTGGTTTAGG
CAGGCACCTGGCAAGGGAAGGGAGGGAGTGGCAGCAATCACCGTGGGATCCGGAAA
CACATACTATGCCGACTCTGTGACCGGCCGGTTCACAATCTCTAGAGATAACAGCAAG
AATACCGTGTATCTGCAGATGAACAGCCTGCGGGCCGAGGACACAGCCATGTACTATT
GTGCAGCAGGATGGCTGTCCGGAGGATCTTGGCACGTGCCCGGCAGGTACAACTATTG
GGGCCAGGGCACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 459 (Humanized sdAb AS63997VH4 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGAGCGGAGGAGGAGTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGCCTCTTTCAGCGGATACGGCGTGTCCACCATGGCATGGTTTAGG
CAGGCACCTGGCAAGGGACTGGAGGGAGTGGCAGCAATCACCGTGGGATCCGGAAA
CACATACTATGCCGACTCTGTGAAGGGCCGGTTCACCATCTCTAGAGATAACAGCAA
GAATACACTGTACCTGCAGATGAACAGCCTGCGGGCCGAGGACACAGCCGTGTACTA
TTGTGCCGTGGGCTATCTGTCCGGAGGATCTTGGGATGTGCCAGGAAGGTACAACTAT
TGGGGCCAGGGCACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 460 (Humanized sdAb AS63997VHS Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGAGCGGAGGAGGAGTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGCCTCTTTCAGCGGATACGGCGTGTCCACCATGGCATGGTTTAGG
CAGGCACCTGGCAAGGGACTGGAGGGAGTGGCAGCAATCACCGTGGGATCCGGAAA
CACATACTATGCCGACTCTGTGAAGGGCCGGTTCACCATCTCTAGAGATAACAGCAA
GAATACAGTGTACCTGCAGATGAACAGCCTGCGGGCCGAGGACACAGCCATGTACTA
TTGTGCCGTGGGCTATCTGTCCGGAGGATCTTGGGATGTGCCAGGAAGGTACAACTAT
TGGGGCCAGGGCACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 461 (Humanized sdAb AS63997VH6 Nucleic Acid Sequence)
CAGGTGCAGCTGGTGGAGAGCGGAGGAGGAGTGGTGCAGCCAGGAGGCAGCCTGAG
GCTGTCCTGCGCAGCCTCTTTCAGCGGATACGGCGTGTCCACCATGGCCTGGTTTAGGC
AGGCACCTGGCAAGGGAAGGGAGGGAGTGGCAGCAATCACCGTGGGATCCGGAAAC
ACATACTATGCCGACTCTGTGAAGGGCCGGTTCACCATCTCTAGAGATAACAGCAAGA
ATACAGTGTACCTGCAGATGAACAGCCTGCGGGCCGAGGACACAGCCATGTACTATTG
TGCCGTGGGCTATCTGTCCGGAGGATCTTGGGATGTGCCAGGAAGGTACAACTATTGG
GGCCAGGGCACCCTGGTGACAGTGAGCTCC

SEQ ID NO: 462 (Linker amino acid sequence)
GGGGSGGGGSGGGGS

SEQ ID NO: 463 (Linker amino acid sequence)
GGGGSGGGGS

SEQ ID NO: 464 (Linker amino acid sequence)

GGGGS

SEQ ID NO: 465 (CD8a signal peptide amino acid sequence)
MALPVTALLLPLALLLHAARP

SEQ ID NO: 466 (CD8a hinge amino acid sequence)
TTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSL
VITLYC
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SEQ ID NO: 467 (CD8a transmembrane domain amino acid sequence)
IYIWAPLAGTCGVLLLSLVITLYC

SEQ ID NO: 468 (4-1BB intracellular domain amino acid sequence)
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCEL

SEQ ID NO: 469 (CD28 intracellular domain amino acid sequence)
RSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

SEQ ID NO: 470 (CD3{ intracellular domain amino acid sequence)
RVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLY
NELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYDALHMQALPPR

SEQ ID NO: 471 (F2A element amino acid sequence)

GSGVKQTLNFDLLKLAGDVESNPGP

SEQ ID NO: 472 (P2A element amino acid sequence)

GSGATNFSLLKQAGDVEENPGP

SEQ ID NO: 473 (CAR3 anti-DLL3 scFv amino acid sequence)
MALPVTALLLPLALLLHAARPAIQLTQSPSSLSASVGDRVTITCRASENIYYNLAWYQQKP
GKAPKLLIYTANSLEDVPSRFSGSGSGTDFTLTISSLQPEDFATYFCKQAYDVPPTFGGGTK
LEIKGGGGSGGGGSGGGGSQVQLVQSGAEVKKPGASVKVSCKASGYTFTRYWIHWIRQ
APGQGLEWMGYINPTVYTEFNQNFKDRVTMTRDTSTSTVYMELSSLRSEDTAVYYCARG
GSNFFDYWQGTTVTVSS

SEQ ID NO: 474 (CD28 transmembrane domain amino acid sequence)
FWVLVVVGGVLACYSLLVTVAFIIFWV

SEQ ID NO: 475 (CD28 hinge)

IEVMYPPPYLDNEKSNGTIIHVKGKHLCPSPLFPGPSKP

Camel anti-DLL3 CAR sequences

SEQ ID NO: 476 (CAS63997)
MALPVTALLLPLALLLHAARPQVRLVESGGGSVQAGGSLRLSCAGSFSGYGVSTMAWFR
QAPGKEREGVAAITVGSGNTY YADSVKGRFTISRDNAKRTVFLQMNSLKPEDTAMYYCA
VGYLSGGSWDVPGRYNYWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAG
GAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLY QGLSTATKD
TYDALHMQALPPR

SEQ ID NO: 477 (CAS64380)
MALPVTALLLPLALLLHAARPEVQLVESGGGSVQAGGSLTLSCEASGNTYSSNYMGWFR
QAPGKEREEVAVIYTRGGHTYY VDSVRGRFTISQDNAKNTVYLQMNSLKPEDTAMYYCA
ASSRHRLGLNNPRDYDYWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPAY KQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDT
YDALHMQALPPR

SEQ ID NO: 478 (CAS64511)
MALPVTALLLPLALLLHAARPQVQLVESGGGSVQAGGSLRLSCAASRATYSTNYISWFRQ
APGKEREAVATITTGDGETAYADSVKGRFTISRDNAKNTVYLQMNSLKPEDTAMYYCAAN
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LRIGGDWFDGRDFRAWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV
HTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEEDG
CSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYD
ALHMQALPPR

SEQ ID NO: 479 (CAS64617)
MALPVTALLLPLALLLHAARPQVQLVESGGGSVQAGGSLRLSCAASGYTDRCSMAWYRQ
APGKERELVSRISTSGFTNYAASVKGRFTISQDNAKNTVYLQMNSLNPGDTGMYY CAIIV
GRTCSLNYWGNGILVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFA
CDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEE
EGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRK
NPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYDALHMQALP
PR

SEQ ID NO: 480 (CAS69443)
MALPVTALLLPLALLLHAARPEVQLAESGGGSVQAGGSLRLSCSASGFTFDDSDMAWYR
QAPGDGCDLVSTISSDGSTY YADSVKGRFTISQDNAKNTVYLQMHSLKPEDTAVYYCAAD
FLTGFYYSDSPHPAPCSASDFGYWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRP
AAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTAT
KDTYDALHMQALPPR

SEQ ID NO: 481 (CAS63931)
MALPVTALLLPLALLLHAARPEVQLAESGGGSVQAGGSLRLSCAGSFSGYGVSTMAWEFR
QAPGKEREGVAAITVGSGNTY YADSVTGRFTISRDNAKRTVYLQMNSLKPEDTAMYYCA
AGWLSGGSWHVPGRYNYWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAG
GAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLYQGLSTATKD
TYDALHMQALPPR

SEQ ID NO: 482 (CAS64047)
MALPVTALLLPLALLLHAARPQVHLVESGGGSVQAGGSLRLSCAASQYVYRWDLMGWF
RQAPGKEREAVAAVYTGDGITY YADSVKGRESISQDNAKNTVYLQMNSLKPEDTGMYFC
AAGFVSGGRWNQSYRYKYWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQ
EEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKD
TYDALHMQALPPR

SEQ ID NO: 483 (CAS64052)
MALPVTALLLPLALLLHAARPQVHLMESGGGSVQAGGSLRLSCAASGYTYRSNFMGWF
RQAPGKEREGIATIHSGVATTY YADSVKGRFTISQDNAKNTVYLQMNSLKPEDTAMYYCA
AGGPPANADRWYPLRPPGYNYWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRP
AAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQT
TQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTAT
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KDTYDALHMQALPPR

SEQ ID NO: 484 (CAS64062)
MALPVTALLLPLALLLHAARPQVRLVESGGGSVQVGGSLRLSCAASRSPYSSSRCMGWEFR
QAPGKEREGVAALYTGGGSTSYADSVKGRFTISQDNAKNTVYLQMNSLKPEDTAMYYCA
AVVPRGGSCRLDERGY YHWGQGTQVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAG
GAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQE
EDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGR
DPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKD
TYDALHMQALPPR

Humanized anti-DLL3 CAR sequences

SEQ ID NO: 485 (CAS64380VH4)
MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWEFR
QAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCA
ASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDT
YDALHMQALPPR

SEQ ID NO: 486 (CAS64380VHS)
MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWER
QAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNSLYLQMNSLRAEDTAVYYCA
ASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDT
YDALHMQALPPR

SEQ ID NO: 487 (CAS64380VHG6)
MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWFR
QAPGKGLEEVAVIYTRGGHTY YVDSVRGRFTISQDNAKNSVYLQMNSLRAEDTAMYYCA
ASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPAY KQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDT
YDALHMQALPPR

SEQ ID NO: 488 (CAS64380VH7)
MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWEFR
QAPGKGREEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNSVYLQMNSLRAEDTAMYYCA
ASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPAY KQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDT
YDALHMQALPPR

SEQ ID NO: 489(CAS64511VH4)
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MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASRATYSTNYISWFRQ
APGKGLEAVATITTGDGETAYADSVKGRFTISRDNAKNSLYLQMNSLRAEDTAVYYCAAN
LRIGGDWFDGRDFRAWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAV
HTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEEDG
CSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYD
ALHMQALPPR

SEQ ID NO: 490 (CAS64511VHS)
MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASRATYSTNYISWFRQ
APGKGLEAVATITTGDGETAYADSVKGRFTISRDNAKNSVYLQMNSLRAEDTAMYYCAA
NLRIGGDWFDGRDFRAWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA
VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYD
ALHMQALPPR

SEQ ID NO: 491 (CAS64511VH6)
MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASRATYSTNYISWFRQ
APGKGREAVATITTGDGETAYADSVKGRFTISRDNAKNSVYLQMNSLRAEDTAMYYCAA
NLRIGGDWFDGRDFRAWGQGTLVTV SSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA
VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYD
ALHMQALPPR

SEQ ID NO: 492 (CAS63997VH4)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWFR
QAPGKGLEGVAAITVGSGNTY YADSVKGRFTISRDNSKNTLYLQMNSLRAEDTAVYYCAV
GYLSGGSWDVPGRYNYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGA
VHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEED
GCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPE
MGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDTYD
ALHMQALPPR

SEQ ID NO: 493 (CAS63997VHS5)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWEFR
QAPGKGLEGVAAITVGSGNTY YADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYCA
VGYLSGGSWDVPGRYNYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEE
DGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDT
YDALHMQALPPR

SEQ ID NO: 494 (CAS63997VHG6)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWFR
QAPGKGREGVAAITVGSGNTY YADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYCA
VGYLSGGSWDVPGRYNYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGG
AVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLY CKRGRKKLLYIFKQPFMRPVQTTQEE
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DGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRD
PEMGGKPRRKNPQEGLYNELQKDKMAEAY SEIGMKGERRRGKGHDGLY QGLSTATKDT
YDALHMQALPPR

Anti-DLL3 Human scFv VL and VH Domain Nucleic Acid Sequences

SEQ ID NO: 511 (Nucleic Acid Sequence for VL domain of anti-DLL3 human scFv AS56704)
GACATCCAGATGACCCAGAGCCCGAGCAGCCTGAGCGCGAGCGTTGGTGACCGTGTT
ACCATTACCTGCCGTGCGAGCCAGAGCGTTAGCAGCGCGGTGGCGTGGTACCAGCAA
AAGCCGGGTAAAGCGCCGAAGCTGCTGATCTATAGCGCGAGCAGCCTGTATAGCGGCG
TTCCGAGCCGTTTCAGCGGTAGCCGTAGCGGCACCGACTTTACCCTGACCATTAGCAG
CCTGCAGCCGGAAGATTTCGCAACTTATTACTGTCAGCAAGCTTCTTGGTCTCCGATCA
CGTTCGGACAGGGCACCAAAGTTGAGATTAAA

SEQ ID NO: 512 (Nucleic Acid Sequence for VH domain of anti-DLL3 human scFv AS56704)
GAGGTTCAACTGGTGGAGAGCGGTGGTGGTCTGGTTCAGCCGGGTGGTAGCCTGCGT
CTGAGCTGCGCAGCTTCTGGCTTCAACATCTCTTCTTCTTATATGCACTGGGTGCGTCA
GGCGCCGGGTAAAGGCCTGGAATGGGTTGCATATATTTATCCTTCTTATGGCTATACTTC
TTATGCCGATAGCGTCAAGGGCCGTTTCACCATCAGCGCGGATACCAGCAAAAACACC
GCATACCTGCAAATGAACAGCCTGCGTGCGGAAGATACCGCCGTCTATTATTGTGCTCG
CGGTGGTTACTACTACCATGGTATGGACTACTGGGGTCAAGGCACCCTGGTTACCGTGA
GCAGC

SEQ ID NO: 513 (Nucleic Acid Sequence for VL domain of anti-DLL3 human scFv AS56788)
GACATCCAGATGACCCAGAGCCCGAGCAGCCTGAGCGCGAGCGTTGGTGACCGTGTT
ACCATTACCTGCCGTGCGAGCCAGAGCGTTAGCAGCGCGGTGGCGTGGTACCAGCAA
AAGCCGGGTAAAGCGCCGAAGCTGCTGATCTATAGCGCGAGCAGCCTGTATAGCGGC
GTTCCGAGCCGTTTCAGCGGTAGCCGTAGCGGCACCGACTTTACCCTGACCATTAGCA
GCCTGCAGCCGGAAGATTTCGCAACTTATTACTGTCAGCAACATTACGCTCCGTCTCT
GATCACGTTCGGACAGGGCACCAAAGTTGAGATTAAA

SEQ ID NO: 514 (Nucleic Acid Sequence for VH domain of anti-DLL3 human scFv AS56788)
GAGGTTCAACTGGTGGAGAGCGGTGGTGGTCTGGTTCAGCCGGGTGGTAGCCTGCGT
CTGAGCTGCGCAGCTTCTGGCTTCAACATCTCTTCTTATTCTATGCACTGGGTGCGTCA
GGCGCCGGGTAAAGGCCTGGAATGGGTTGCATATATTTCTTCTTATTATGGCTATACT
TATTATGCCGATAGCGTCAAGGGCCGTTTCACCATCAGCGCGGATACCAGCAAAAAC
ACCGCATACCTGCAAATGAACAGCCTGCGTGCGGAAGATACCGCCGTCTATTATTGT
GCTCGCTACTCTTACTACTACGGTATGGACTACTGGGGTCAAGGCACCCTGGTTACCG
TGAGCAGC

Human anti-DLL3 scFv CAR sequences

SEQ ID NO: 515 (CAS56704)
MALPVTALLLPLALLLHAARPDIQMTQSPSSLSASVGDRVTITCRASQSVSSAVAWYQQK
PGKAPKLLIYSASSLYSGVPSRFSGSRSGTDFTLTISSLQPEDFATYYCQQASWSPITFGQG
TKVEIKGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGENISSSYMHW VR
QAPGKGLEWVAYIYPSYGYTSYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYCA
RGGYYYHGMDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSC
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RFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

SEQ ID NO: 516 (CAS56788)
MALPVTALLLPLALLLHAARPDIQMTQSPSSLSASVGDRVTITCRASQSVSSAVAWYQQK
PGKAPKLLIYSASSLYSGVPSRFSGSRSGTDFTLTISSLQPEDFATY YCQQHYAPSLITFGQG
TKVEIKGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGFNISSYSMHWVR
QAPGKGLEWVAYISSYYGYTYYADSVKGRFTISADTSKNTAYLQMNSLRAEDTAVYYC
ARYSYYYGMDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAAGGAVHTR
GLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSC
RFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRRGRDPEMG
GKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDAL
HMQALPPR

Anti-DLL3 benchmark CAR

SEQ ID NO: 517 (1H2.1 amino acid sequence)
MALPVTALLLPLALLLHAARPQVQLQESGPGLVKPSETLSLTCTVSGDSISSYYWTWIRQP
PGKGLEWIGYIYYSGTTNYNPSLKSRVTISVDTSKSQFSLKLSSVTAADTAVYYCASIAVR
GFFFDYWGQGTLVTVSSGGGGSGGGGSGGGGSEIVLTQSPGTLSLSPGERATLSCRASQS
VSSSYLAWYQQKPGQAPRLLIYGASTRATGIPDRFSGSGSGTDFTLTISRLEPEDFAVYYC
QQYGTSPLTFGGGTKVEIKRAAALDNEKSNGTIIHVKGKHLCPSPLFPGPSKPFWVLVVV
GGVLACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAY
RSRVKFSRSADAPAYQQGQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQE
GLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

Example 11. Evaluation of in vitro activity of humanized anti-DLL3 tandem
CAR-T cells

To improve anti-tumor efficacy of CAR-Ts, we constructed three tandem CARs
(T1, T2 and T3). The amino acid sequences of the tandem CARs were provided in
SEQ ID: 518-520. The amino acid sequences of anti-DLL3 humanized sdAb
fragments were provided in SEQ ID NO:356 (AS64380VHS) and SEQ ID NO: 366
(AS63997VHS). 1H2.1 (SEQ ID NO: 517, e.g, see, W0O2019200007), which is an
anti-DLL3 CAR, was also used to generate a CAR construct as a reference. A full
length CAR contains from the N-terminus to the C-terminus: a CD8a, signal peptide
(SEQ ID NO: 465), DLL3 binding domain sdAbs provided in SEQ ID NO: 356
(AS64380VHS) and SEQ ID NO: 366 (AS63997VHS), a CD8a.  hinge domain (SEQ
ID NO: 466), a CD8u transmembrane domain (SEQ ID NO: 467 ), a CD137
intracellular domain (SEQ ID NO: 468) or a CD28 intracellular domain (SEQ ID NO:
469), and a CD3( intracellular domain (SEQ ID NO: 470). Schematic representation
of a CAR construct is shown in FIG. 10A. For T1, both of sdAb 1 and sdAb 2 were
AS64380VHS. For T2, both of sdAb 1 and sdAb 2 were AS63997VHS. For T3, sdAb
1 and sdAb 2 were AS63997VHS and AS64380VHS, respectively. Nucleic acid
encoding the CAR fragment was then cloned into a lentiviral vector to create full
length CAR construct in a single coding frame, using human EF1 alpha promoter for
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expression.

SEQ ID NO: 518 (T1 amino acid sequence)
MALPVTALLLPLALLLHAARPEVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGWFR
QAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNSLYLQMNSLRAEDTAVYYCA
ASSRHRLGLNNPRDYDYWGQGTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQPG
GSLRLSCAASGNTYSSNYMGWFRQAPGKGLEEVAVIYTRGGHTYY VDSVRGRFTISQDN
AKNSLYLQMNSLRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPAPR
PPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYC
KRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQN
QLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGM
KGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 519 (T2 amino acid sequence)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWEFR
QAPGKGLEGVAAITVGSGNTYYADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYC
AVGYLSGGSWDVPGRYNYWGQGTLVTVSSGGGGSGGGGSGGGGSQVQLVESGGGVVQ
PGGSLRLSCAASFSGYGVSTMAWFRQAPGKGLEGVAAITVGSGNTYYADSVKGRFTISR
DNSKNTVYLQMNSLRAEDTAMYYCAVGYLSGGSWDVPGRYNYWGQGTLVTVSSTTTP
APRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVIT
LYCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQ
GQNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYS
EIGMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

SEQ ID NO: 520 (T3 amino acid sequence)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWEFR
QAPGKGLEGVAAITVGSGNTY YADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYC
AVGYLSGGSWDVPGRYNYWGQGTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQ
PGGSLRLSCAASGNTYSSNYMGWFRQAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQ
DNAKNSLYLQMNSLRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITL
YCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQG
QNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEI
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPR

In vitro cytotoxicity assay

On day 9 post transduction, transduced T cells were harvested and co-incubated
with DLL3-expressing tumor cell lines (SHP-77 with DLL3 high expression,
NCI-H82 with DLL3 medium expression and NCI-H2171 with DLL3 low expression)
and DLL3 negative expressing cell lines (NCI-H460 and HEK293) at an effector
(CAR-T) to target cell ratio of 0.5:1 and 2:1 for 22 hours. CAR3 CAR-T cells were
used as a reference in all assays to compare assay variation and/or act as a control.
Un-transduced T cells (UnT) were used as a negative control.

The cytotoxicity of the transduced T cells was determined by a lactate
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dehydrogenase (LDH) assay. Results show that CAR3 CAR-T and some anti-DLL3
tandem CAR-Ts exhibit strong anti-tumor activities in vitro against SHP-77 cells,
while UnT has no target cell killing effect (FIG. 11A-C) and DLL3 negative
expression cells (NCI-H460 and HEK?293) did not induce cytotoxicity (FIG.
11D-E).Besides CAR3, We also compared in vitro cytotoxicity of SHP-77 cells of T3
and 1H2.1. Result shows that T3 had a comparable or less potent cell killing activity
in short-term stimulation (FIG. 11V).

IFN-y and TNF-¢ release detection

Additionally, supernatants from the in vitro cytotoxicity assay were collected to
assess CAR-induced cytokine release, e.g., interferon gamma (IFN-y) and TNF-a
release. As shown in FIG. 11F-K, CAR3 CAR-T and some anti-DLL3 tandem
CAR-Ts were stimulated by DLL3 expressing cell lines to produce IFN-y and TNF-q,
whereas UnT produced little IFN-y and TNF-o. DLL3 negative expressing cell lines
did not reduce specific release of IFN-y and TNF-o (data not shown). Protocols of
IFN-y and TNF-a release detection can be referred to CISBIO’s human TNF-a kits
and IFN-y kits.

Compared with 1H2.1, T3 released more IFN-y and TNF-a (after co-incubation
for 22 hours)(FIG. 11W-X).

Tandem CAR-T cytotoxicity and expansion by long-term stimulation assay

The DLL3 CAR-T cells were evaluated by repetitive antigen stimulation assay.
Upon repetitive stimulation by the SCLC cell lines and control cell lines, the tandem
CAR-T cell T3 showed more potent cytotoxicity to SCLC cells, especially to SHP-77
and NCI-H82 cells (FIG. 11L-P). In addition to cytotoxicity activity, tandem CAR-T
cell T3 also showed higher proliferation capacity than other CARTS, especially when
stimulated by SHP-77 and NCI-H82 cells (FIG. 11Q-U).

Besides CAR3, We also compared in vitro cytotoxicity of SHP-77 cells of T3
and 1H2.1. Result shows that T3 had a superior cytotoxicity and expansion in
long-term stimulation (FIG. 11Y-Z).

The repetitive stimulation were carried out as follows.

Round 1: CAR-T cells and 3x10° target cells (e.g, SHP-77) were added to a
24-well plate at an effector to target cell ratio of 1: 5, and co-incubated in a carbon
dioxide incubator in 37°C, 5% CO, for 3 days. 200 pL of the cell culture supernatant
was pipetted for cytokine detection, and the co-incubated cells were harvested to
assess %CD3 and CAR positive rate by flow cytometry;

Round 2: Based on the CAR-T positive rate of the harvested cells in Round 1,
the harvested cells were continued to co-incubate with the same volume of fresh target
cells (SHP-77) at an effector to target cell ratio of 1: 2 for another 3 days. 200 pL of
the cell culture supernatant was pipetted for cytokine detection, and the co-incubated
cells were harvested to assess %CD3 and CAR positive rate by flow cytometry;

Based on the CAR-T positive rate of each previous Round, Round 3 and next Rounds were

performed in a similar manner to that of Round 2.
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Example 12. Evaluation of in vitro activity of humanized anti-DLL3 PD-1 DNR
or CSR armed CAR-T cells

To improve persistence of CAR-Ts, we constructed PD-1 Dominant Negative
Receptor (PD-1DNR) or PD-1 Chimeric Switch Receptor (PD-1CSR) armored DLL3
CARs. The amino acid sequences of the two CARs were provided in SEQ ID:
521-522. PD-1DNR and PD-1CSR sequences were linked to T3 C terminal via P2A.
The amino acid sequences of PD-1DNR and PD-1CRS were provided in SEQ ID:
523-524. Schematic representation of the CAR construct were shown in FIG. 10B.

SEQ ID NO: 521 (T3-PD-1DNR amino acid sequence)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWFR
QAPGKGLEGVAAITVGSGNTYYADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYC
AVGYLSGGSWDVPGRYNYWGQGTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQ
PGGSLRLSCAASGNTYSSNYMGWFRQAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQ
DNAKNSLYLQMNSLRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITL
YCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQG
QONQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEI
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSGATNFSLLKQAGDVEENP
GPMQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFS
NTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRN
DSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQAAAPTTTPAPRPP
TPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCN
HRRIQ

SEQ ID NO: 522 (T3-PD-1CSR amino acid sequence)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWEFR
QAPGKGLEGVAAITVGSGNTY YADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYC
AVGYLSGGSWDVPGRYNYWGQGTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQ
PGGSLRLSCAASGNTYSSNYMGWFRQAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQ
DNAKNSLYLQMNSLRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITL
YCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQG
QNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEI
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSGATNFSLLKQAGDVEENP
GPMQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFS
NTSESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRN
DSGTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHCPSPLFPGPSKPFWVLVVVGGV
LACYSLLVTVAFIIFWVRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

SEQ ID NO: 523 (PD-1DNR amino acid sequence)

MQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNT
SESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDS
GTYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHPSPSPRPAGQAAAPTTTPAPRPPTP
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APTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCNHR
RIQ

SEQ ID NO: 524 (PD-1CSR amino acid sequence)
MQIPQAPWPVVWAVLQLGWRPGWFLDSPDRPWNPPTFSPALLVVTEGDNATFTCSFSNTS
ESFVLNWYRMSPSNQTDKLAAFPEDRSQPGQDCRFRVTQLPNGRDFHMSVVRARRNDSG
TYLCGAISLAPKAQIKESLRAELRVTERRAEVPTAHCPSPLFPGPSKPFWVLVVVGGVLAC
YSLLVTVAFIIFW VRSKRSRLLHSDYMNMTPRRPGPTRKHYQPYAPPRDFAAYRS

The PD-1DNR or PD-1CSR armored DLL3 CAR-T cells were evaluated by
repetitive antigen stimulation assay. Upon repetitive stimulation by the SHP-77 cells,
the armored CAR-T cells did not increase cytotoxicity potency and did not improve
expansion capability compared with conventional CARTs (FIG. 12A-B). Upon
repetitive stimulation by the SHP-77/PD-L1 cells (overexpressing human PD-L1 in
SHP-77 cells), the PD-1 CSR armored CAR-T cells showed a superior cytotoxicity
potency and expansion capability (FIG. 12C-D).

Examplel3. TGF-B-DNR enhances the anti-tumor efficacy of DLL3 CAR-T cells
Construction of TGF-B-DNR armored DLL3 CAR-T cells

To improve the antitumor performance of the DLL3 CAR-T cells in tumor
microenvironment, a TGF-B-DNR sequence was incorporated into the DLL3 CAR as
shown in FIG. 13A. The TGF-B-DNR is a truncated version of TGFBRII, which
consist of the extracellular and transmembrane domain of the TGFBRIIL. The
constructs T3-P2A-TGF-B-DNR, T3-T2A-TGF-B-DNR comprise a T3-BBZ sequence
in the N terminal, a P2A or T2A peptide as indicated, a TGF-B-DNR in the C terminal;
the constructs TGF-B-DNR-P2A-T3 and TGF-B-DNR-T2A-T3 comprise a
TGF-B-DNR sequence in the N terminal, a P2A or T2A peptide as indicated, and a
T3-BBZ sequence in the C terminal. The detailed sequences of the TGF-B-DNR and
armored DLL3 CARs were provided in SEQ ID: 525-529.

SEQ ID NO: 525 (T3-P2A-TGF-B-DNR amino acid sequence)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWEFR
QAPGKGLEGVAAITVGSGNTYYADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYC
AVGYLSGGSWDVPGRYNYWGQGTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQ
PGGSLRLSCAASGNTYSSNYMGWFRQAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQ
DNAKNSLYLQMNSLRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITL
YCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQG
QNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEI
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSGATNFSLLKQAGDVEENP
GPMGRGLLRGLWPLHIVLWTRIASTIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVR
FSTCDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENITLETVCHDPKLPYHDFILEDAAS
PKCIMKEKKKPGETFFMCSCSSDECNDNIFSEEYNTSNPDLLLVIFQVTGISLLPPLGVAIS
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VIIFYCYRVNRQQKLSS

SEQ ID NO: 526 (TGF-B-DNR-P2A-T3 amino acid sequence)
MGRGLLRGLWPLHIVLWTRIASTIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRFEST
CDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENITLETVCHDPKLPYHDFILEDAASPK
CIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYNTSNPDLLLVIFQVTGISLLPPLGVAISVIII
FYCYRVNRQQKLSSGSGATNFSLLKQAGDVEENPGPMALPVTALLLPLALLLHAARPQV
QLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWFRQAPGKGLEGVAAITVGSGNTYY
ADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMY YCAVGYLSGGSWDVPGRYNYWGQ
GTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMG
WFRQAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQDNAKNSLYLQMNSLRAEDTAV
YYCAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRP
AAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQ
TTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDK
RRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLST
ATKDTYDALHMQALPPR

SEQ ID NO: 527 (T3-T2A-TGF-B-DNR amino acid sequence)
MALPVTALLLPLALLLHAARPQVQLVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWER
QAPGKGLEGVAAITVGSGNTY YADSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYC
AVGYLSGGSWDVPGRYNYWGQGTLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQ
PGGSLRLSCAASGNTYSSNYMGWFRQAPGKGLEEVAVIYTRGGHTYYVDSVRGRFTISQ
DNAKNSLYLQMNSLRAEDTAVYYCAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPA
PRPPTPAPTIASQPLSLRPEACRPAAGGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITL
YCKRGRKKLLYIFKQPFMRPVQTTQEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQG
QNQLYNELNLGRREEYDVLDKRRGRDPEMGGKPRRKNPQEGLYNELQKDKMAEAY SEI
GMKGERRRGKGHDGLYQGLSTATKDTYDALHMQALPPRGSGEGRGSLLTCGDVEENPG
PMGRGLLRGLWPLHIVLWTRIASTIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRFS
TCDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENITLETVCHDPKLPYHDFILEDAASPK
CIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYNTSNPDLLLVIFQVTGISLLPPLGVAISVIII
FYCYRVNRQQKLSS

SEQ ID NO: 528 (TGF-B-DNR-T2A-T3 amino acid sequence)
MGRGLLRGLWPLHIVLWTRIASTIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRFEST
CDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENITLETVCHDPKLPYHDFILEDAASPK
CIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYNTSNPDLLLVIFQVTGISLLPPLGVAISVIII
FYCYRVNRQQKLSSGSGEGRGSLLTCGDVEENPGPMALPVTALLLPLALLLHAARPQVQ
LVESGGGVVQPGGSLRLSCAASFSGYGVSTMAWFRQAPGKGLEGVAAITVGSGNTYYA
DSVKGRFTISRDNSKNTVYLQMNSLRAEDTAMYYCAVGYLSGGSWDVPGRYNYWGQG
TLVTVSSGGGGSGGGGSGGGGSEVQLVESGGGLVQPGGSLRLSCAASGNTYSSNYMGW
FRQAPGKGLEEVAVIYTRGGHTYY VDSVRGRFTISQDNAKNSLYLQMNSLRAEDTAVYY
CAASSRHRLGLNNPRDYDYWGQGTLVTVSSTTTPAPRPPTPAPTIASQPLSLRPEACRPAA
GGAVHTRGLDFACDIYIWAPLAGTCGVLLLSLVITLYCKRGRKKLLYIFKQPFMRPVQTT
QEEDGCSCRFPEEEEGGCELRVKFSRSADAPAYKQGQNQLYNELNLGRREEYDVLDKRR
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GRDPEMGGKPRRKNPQEGLYNELQKDKMAEAYSEIGMKGERRRGKGHDGLYQGLSTAT
KDTYDALHMQALPPR

SEQ ID NO: 529 (TGF-B-DNR amino acid sequence)
MGRGLLRGLWPLHIVLWTRIASTIPPHVQKSVNNDMIVTDNNGAVKFPQLCKFCDVRFST
CDNQKSCMSNCSITSICEKPQEVCVAVWRKNDENITLETVCHDPKLPYHDFILEDAASPK
CIMKEKKKPGETFFMCSCSSDECNDNIIFSEEYNTSNPDLLLVIFQVTGISLLPPLGVAISVIIL
FYCYRVNRQQKLSS

All the constructs were packaged into lentiviruses based on the second
generation lentiviral system. Then primary T cells isolated from the PBMC of healthy
donors were transduced with the lentiviruses. 4 days after transduction, the positive
ratios of sdAb and TGF-B-DNR were detected by FACS (FIG. 13B). Results showed
that the sdAb positive ratios of T3-P2A- TGF-B-DNR, T3-T2A- TGF-B-DNR,
TGF-B-DNR -P2A-T3 and TGF-B-DNR-T2A-T3 CAR-T cells were comparable.
However, the positive ratio of TGF-B-DNR were higher in constructs T3-P2A-
TGF-B-DNR and T3-T2A- TGF-f-DNR than in TGF-B-DNR-P2A-T3 and
TGF-B-DNR-T2A-T3. These results indicated the expression of TGF-B-DNR was
higher when it conjugates to the C terminal of CAR.

In vitro cytotoxicity assays

Then the cytotoxicity of these CAR-T cells was evaluated by LDH or IFN-y
releasing assays. 5 days after transduction, the CAR-T cells were adjusted to same
sdAb positive ratios by untransduced T cells (UnT). Then the CAR-T cells or UnT
cells were co-incubated with SHP77 for 48 h in the presence of 5 ng/mL TGF-f, and
the LDH and IFN-y releasing were measured (FIG. 13C-D). The results showed that
the TGF-B-DNR armored CAR-T cells induced more specific lysis of target cell than
the unarmored CAR-T cells. Accordingly, the TGF-f-DNR armored CAR-T cells
showed a higher capacity of IFN-y release upon antigen activation. In consistent with
the TGF-B-DNR expression levels of the different CAR-T cells, the T3-P2A-
TGF-B-DNR, T3-T2A-TGF-B-DNR showed higher levels of IFN-y secretion than
TGF-B-DNR-P2A-T3 and TGF-B-DNR-T2A-T3 CAR-T cells. Collectively these
results demonstrated that the TGF-B-DNR was able to enhance the cytotoxicity of
DLL3 CAR-T cells against the DLL3 positive SCLC cells.

Long-term stimulation assay

To determine whether the TGF-B-DNR could resist the inhibitory effects of TGF-
B on CAR-T cells, a long-term stimulation assay was performed. Briefly, the
T3-P2A-TGF-B-DNR and T3 CAR-T cells were repetitively challenged with SHP77
cells every 3 days in the presence or absence of 5 ng/mL of TGF-B. At the end of each
round stimulation, the percentages of T cells in total viable cells were analyzed by
FACS, and the expansion of CAR-T cells were calculated. As shown in FIG. 13E and
FIG. 13F, the persistence and expansion of T3 CAR-T cells was inhibited by TGF-p.

74



WO 2021/008610 PCT/CN2020/102717

In contrast, the persistence and expansion of T3-P2A-TGF-B-DNR was well
maintained even in the presence of TGF-B. T cell exhaustion markers were analyzed
by FACS after 2 rounds stimulation with SHP77 cells. As shown in FIG. 13G,
treatment with TGF-p upregulated the expression of exhaustion markers in T3 cells,
but not in T3-P2A-TGF-B-DNR CAR-T cells. Collectively, these results demonstrated
that TGF-B-DNR protects DLL3 CAR-T cells from the inhibition by TGF-8. Because
the expression level of TGF-$ is usually elevated in the microenvironment of solid
tumors, our results indicate that the addition of TGF-B-DNR improves the anti-tumor
efficacy of DLL3 CAR-T cells in solid tumors.

In vivo anti-tumor efficacy study

To further investigate whether the TGF-B-DNR could enhance the anti-tumor
efficacy of DLL3 CAR-T cells in vivo, the T3-T2A-TGF-B-DNR CAR-T cells or the
parental CAR-T cells were evaluated in xenograft model. Briefly, 1 X 10’ SHP77 cells
were subcutaneously implanted into NCG mice. After 7~10 days, when tumor volume
reached 100~200 mm>, 2.5X 10° CAR-T cells were injected intravenously into the
mice. Then tumor volume was measured twice a week, and percentage of CAR-T in
peripheral blood was measured once a week. As shown in FIG. 13H, at a suboptimal
dose, the T3-T2A-TGF-B-DNR CAR-T cells could potently suppress tumor growth,
while the parental T3 CAR-T could not. As shown in FIG 131, the percentage of
T3-T2A-TGF-B-DNR CAR-T in peripheral blood leukocytes was higher than T3.
Collectively, these results demonstrate that the TGF-B-DNR could enhance the
anti-tumor efficacy of DLL3 CAR-T cells in vivo.
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