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(57) Abstract: The disclosure provides cysteine substituted immunoglobulins, including polypeptides, antibodies, nucleic acids en-

coding such polypeptides and antibodies, host cells, vectors and process
bodies, compositions and methods of making such antibodies and conju,
conjugated variants for the detection and treatment of cancer and for kill

es for making the same, conjugated derivatives of the anti -
gated derivatives, and methods of using the antibodies and
ing diseased cells. In certain embodiments, the substitution

is selected from V266C, G316C, H285C, R301C, V303C, T307C, Y436C and L441C (EU Numbering) or S156 in the hevy chain

(under Kabat numbering).
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CYSTEINE-SUBSTITUTED IMMUNOGLOBULINS

CROSS-REFERENCE TO RELATED PATENT APPLICATIONS
16001} The present patent application claims benefit of priority to US Provisional Patent
Application No. 62/193,531, filed July 16, 2015, which is incorporated by reference for all

PUIPOSES.

REFERENCE TO SUBMISSION OF A SEQUENCE LISTING AS A TEXT FILE
{6602} The Sequence Listing written in file 1014170 _ST25.1xt created on July 15, 2016,
10,366 bytes, machine format IBM-PC, MS-Windows operating system, is hereby

incorporated by reference in its entirety for all purposes.

BACKGROUND OF THE INVENTION

[0603] Monoclonal antibodies (mAbs) are an essential tool in research and therapy due to
their high specificity and affinity for target antigens. Since the 19907s, therapeutic mAbs
have made a substantial impact on medical care for a wide range of diseases, including
inflammatory disorders and cancer. A crifical feature of mAbs 1s their ability 1o bind target
antigens in a highly specific manner, marking them for removal by the host immnine
clearance methods, such as complement-dependent cytotoxicity (CDC) or antibody-
dependent cell-mediated eviotoxicity (ADCC). Antibodies can also mmpart therapeutic
benefit by binding an inhubiting the function of target antigens, as in the case of trastuzumab

{(Herceptin®), bevacizamab {Avastin®) and cetuxamab (Hrbitux®}.

3004} CLL-1 15 a cell surface glveoprotein predomumantly expressed in myeloid cells

found in hematologic malignancies, sach as leukemias (e.g.

ot

acute myeloid leukemia (AML)).
The currently available therapies for hematologic malignancies carry adverse and often
severe side effects. For example, complications arising from MY LOTARG®R administration
include hepatotoxicity, veno-occlusive disease, severe mvelosuppression {(in -98% of
patients), tumor lysis syndrome, immune hypersensitivity syndrome and respiratory
disorders. Thus, there is a need to identify new therapies for hematologic malignancies that

are efficacious with reduced side effects. Since CLL-1 is selectively expressed on myeloid
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cells, compositions that recognize and bind to CLL-1 may be useful for such therapies of

hematologic malignancies, ¢specially those of myelowd ongin.

3005} Conjugation to cytotoxic drugs or radionuclides can expand the utility of mAbs
and improve their potency and effectiveness. This is accomplished because the antibody
targets and delivers the cytotoxic payload specifically to the disecased tissue. Antibodies have
been conjugated to a number of cyviotoxic drugs, through vanous linker chemistries and these
antibody drug conjugates {ADCs) have the ability to selectively and potently kil antigen-
expressing tumor cells. ADCs have demonstrated suceess in the clinic, and there are two
such drugs, ado-trastuzumab emtansine (Kadcevia®) and brentuximab vendotin (Adcetris®)

are commercially available.

[6606] The successful development of an ADC depends upon the optimization of
antibody selection, linker stability, cytotoxic drug potency and mode of linker-drug

conjugation (o the antibody.

[GBG7] In a conventional ADC, drug conjugation vields heterogencous products,
containing a mixture of species with different molar ratios of drug to antibody. The
conjugation site to the antibody occurs at solvent accessible, reactive amino acid residues
such as bysines or cysteines. The heterogeneity occurs as two levels, in that ecach ADC
species differs in both drug load and conjugation site. Panowski ¢t al., mAbs 6:1, 31-45
(2014). Therefore, cach species may have distinct properties, resulting in a wide range of in
vive pharmacokinetic {PK) properties as well as batch-to-batch variability. Additionally, the
variable drug-to-antibody ratio (DAR) resulis 1o a high dmg load, high hydrophobicity, fast
clearance, lower tolerability and a narrow therapeutic window. Jumutula et al.| Nat. Biotech.

2648}, 925-932 (2008).

16008} Site-specific conjugation, n which a known number of linker-drugs are
consistently conjugated to defined sites, 1s one way to overcome these challenges.
Heterogeneity 1s nunimized and ADC properties are more predictable, with consistent inter-

batch conjugate production.

3609} The amino acid cysteine provides a reactive thiol group. This group has long been
used as the location to label proteins, as well as for the generation of ADCs. While cysteines
can be enginecred into proteins, this approach is not without challenges. For example, the
engingered free cysteine can conjugate with cysieines on other molecules to form protein-

dimers. It can also pair mtra-molecularly with native cysteine residues to create improper
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folding to mmpair or inhibit protein function. Hence the success of using introduced cvsteine
residues for site-specific conjugation relies on the ability of select proper sites in which
cysteine-introduced substitution does not alfer antibody structure or function. Junutula et al.,

Nat. Biotech. 30(2): 184-191 (2012).

106016] A further complexity is that solvent accessibility and charge at a substitution site
18 important for ADC stability. In a study of stability of cysteine, engineered anti-Her2/nen
malemmide linker ADCg, high solvent accessibility lost contugated thiol-reactive linkers in
plasma as a result of maleimide exchange with reactive thiols in albumin, free cvsteine or
glutathione. Shen et al., Nat. Biotech. 30(2); 184-191 (2012). Hence, there is still a great
need to identify stable, site-specific ADCs which have consistent drug load, low
hydrophobicity, slow clearance, high tolerabibity and a greater therapeutic index.
Furthermore, there is an even greater need to create stable, site-specific ADCs that target

CLL-L.

{68011} The statements in this Background are not neither admissions of prior art nor

endorsements of the cited references.

BRIEF SUMMARY OF THE INVENTION

[66012]  The disclosure provides cysteine substituted mmmunoglobulins, including
polypeptides, antibodies, nucleie acids encoding such polyvpeptides and antibodies, host cells,
vectors and processes for making the same, conjugated derivatives of the antibodies,
compositions and methods of making such antibodies and conjugated derivatives, and
methods of using the antibodies and conjagated variants for the detection and treatment of

cancer and for kithing diseased cells.

[66013] In one embodiment, this disclosure provides a cysieine substituted
mmunoglobulin polypeptide, wherein the substituted residue 1s one or more residues selected
from the group consisting of: V266C, H285C, R301C, V303C, T307C, G316C, Y436C and
L441C (EU numbering). In ong aspect, the immunoglobulin polypeptides are denived from
human IgG heavy chain constant regions. In another aspect, the IgG 18 1sotvpe 1gGG1, IgG2,

12G3 or IgG4.

[66014] In another embodiment, the disclosure provides isolated nucleic acid sequences
encoding a cysteine substituted immunoglobulin polvpeptide, wherein the substituted residue
is ong or more residues selected from the group consisting of V266C, H285(, R301C,

V303C, 1T307C, G316C, Y436( and L441C (EU numbering). In one aspect, the nucleic acid
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i3 operably linked with an expression control sequence. In another aspect, the operably
linked nucleic acid further comprised in an expression vector. In yet another aspect, the

disclosure provides host cells comprising the expression vectors.

[36015]  In vet another embodiment, the disclosare provides a process for making a
cysteine-substituted immunoglobulin polypeptide comprising cultoring a recombinant cell
compnising a nucleic acid molecule further comprising a nucleotide sequence encoding a
cysteine-substituted immunoglobohin polypeptide, wherein the substituted residug 15 ong or
more residues selected from the group consisting of V266C, H285C, R301C, V3063,
T307C, G316C, Y436C and L441C (EU numbering).

[36016]  In a further embodiment, the disclosure provides cysteine substituted antibody
comprising a cysteine-substituted immunoglobulin polypeptide further comprising a
substituted amino acid residue sclected from the group consisting oft V266C, H285C,
R301C, V303C, T307C, G316C, Y436( and 1441 (EU numbering) in a heavy chain
constant region. In one aspect the heavy chain constant region is derived from a human IgG

tsotype sciected from the group counsisting of g1, IgG2, 1gG3 and Ig(G4.

36017}  In another aspect, the antibody further comprises a hight chain. In a further

aspect, the hight chain is selecied from the group consisting of kappe and lambda.

[66018] In vet another aspect the antibody binds to CLL-1, GPR114, ILIRAP, TIM-3,
CD19, CH20, CD22. ROR1, mesothelin, CD33, CD123/AL3Ra, c-Met, PSMA, prostatic acid
phosphatase (PAP), CEA, CA-125, Muc-~1, AFP, Glycolipid F77, EGFRvII, GD-2, NY-
ESO-1 TCR, tyrosinase, TRPVgp75, gpl00/pmel-17, Melan-A/MART-1, Her2/new, WT1,
EphA3, telomerase, HPV E6, HPV E7, EBNATL, BAGE, GAGE and MAGE A3
TCRSLITRKSG, ENPP3, Nectin-4, CD27, SLC44A4, CALX, Cripto, CD30, MUCISG,
GPNMEB, BCMA, Trop-2, Tissue Factor (TF), CanAg. EGFR, av-integrin, CD37, Folate
Receptor, CDI38, CEACAMS, CD56, CD70, CD74, GCC, 5T4, CD79, Steapl, Napi2b,
Lewis Y Antigen, LIV, ¢-RET, DLL3 EFNA4, or Endosialin/CD248. In a further aspect, the
antibody binds to CLL-1 and comprises a vanable light chain and a variable heavy chain,

wherein:

{a} the variable Hght chain further comprises a CDR-L1, CDR-L2 and CDR-L3,

further wherein:
a. CDR-L1is ESVDSYGNSE (SEQIDNOD
b. CDR-L21sLAS (SEQIDNO2)

4~
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¢. CDR-L3is QUNNYDPWT (SEQ ID NG:3), and
(b} the variable heavy chain further comprising a CDR-H1, CDR-H2 and CDR-
H3, further wheremn:
a. CDR-HI s GYTFTSYV (SEQ ID NG:4)
5 b. CDR-H2 1 INPYNDGT (S8EQ ID NG:3), and
c. CDR-H3is ARPIYFDNDYFDY (SEQ ID NG:6).
[36019]  In a further aspect, the antibody binds to CLL-1 and comprises a varable light
chain and a variable heavy chain, wherein:
{c) the variable light chain further comprises a COR-L1, CDR-L2 and CDIR-L3,
10 further whergin
a. CDR-L1is RATQELSGYLS (SEQGIDNG: 13
b, CDR-L2is AASTLDS (SEQ ID NO:14)
¢. CDR-L3is LOYAIYPYT (SEQID NG5}, and
{d) the variable heavy chain further comprising a CDOR-HI, CDR-H2 and CDR-
13 H3, further wheremn:
a. CDR-HI s GYTFTSYFIH (SEQ ID NO:16)
b, CDR-H2 is FINPYNDGSK (SEQ ID NG:17), and
CDR-H3 is BDGYYGYAMDY (SEQ ID NG:18)

[36026] In some embodiments, the anti-CLL-1 antibody comprises a light chain vanable
20 region sequence COmprises
DIQMTQSPSSLSASVGDRVTLTCRATQELSGY LSWLQQKPGKAIKRLIYAASTLDSGY
PSRFSGNRAGTDYTLTISSLOQPEDFATYYCLQYAIVPYTRGOQGTRLEIR (SEGID
MNO:19), a heavy chain vanable region sequence comprises
EVOLVOSGAEVKKPGASVKMSCKASGYTFTSYFIHWVRQAPGQGLEWIGFINPYND
25 GSKYAQKFQGRATLTSDKSTSTVYMELSSLRSEDTAVYYCTRDDGYYGYAMDYWG
QGTLVTVSS (SEQ D NO:20), or both of the light and heavy chain sequences above.
[06021]  in a further aspect, the disclosure provides isolated nucleic acid sequences
encoding a cysteine substituted antibody. In one aspect, the nucleic acid is operably hinked

with an expression control sequence. In another aspect, the operably hinked nucleic acid



10

30

WO 2017/011803 PCT/US2016/042645

further comprises an expression vector. In a further aspect, the disclosure provides host cells
comprising the expression vectors and methods of making antibodies comprising colturing

such host cells. In a further aspect, the disclosure provides isolating the antibody.

[36022]  In vet another embodiment, the disclosare provides a cysteine substituted
antibody, wherein the substituted cysteine is connected through a linker to a conjugated
moiety. In one aspect, the conjugated moiety is selecied from the group consisting of: drug,

radionucleotide, fluorophore, biotin, RNA | antibiotic, protein and a detectable moiety.

[G0023]  in another aspect, the conjugated moicty is a drug, hictin (BMCC or HPDP) or
fluorophore (Alexad88). In vet another aspect, the drug 1s selected from the group consisting
of: a benzodiazepine derivative (including but not hmited to a pyrrolo benzodiazepineg, an
indolino benzodiazepine or an isoquinolidino benzodiazepine), which can be in monomer or
dimer form (e.g., a heterodimer or homodimer, such as pyrrolobenzodiazepine (PBD) dimer,
mdolinobenzodiazepine dimer, isoquinohidinobenzodiazepine dimer (including but not
bimited to D202 ag described below), a dolastatin, an auristatin, maytansinoid, tebulysin,
cryptophyein, alpha-amanitin, trichothene, SN-38, duocarmyvein, CC1063, calichcamincin, an
enediyne antibioatic, taxane, doxorubicin denvatives, anthracveline and stercoisomers,

azanofide, 1sosteres, analogs or derivatives thereof.

[06024]  in a further aspect, the linker is covalently bonded to the drug. In another aspect,
the hinker is attached 1o the antibody through a reaction between a thiol and a thiol reactive
group, ¢.g., maleimide, halide and sulfonvl. In vet another aspect, the hinker 13 connected via
a disulfide bond to the drug. In a further aspect, the disulfide bond is a pyridyl disulfide

moiety. In a further aspect, the linker is cleavable in the microenvironment of the target.

106025] I a further aspect, the conjugated moiety is a detectable moiety. In a further
aspect the detectable moiety 15 a fluorophore such as A48% or a biotin (¢.g., BMCC-biotin or

HPDP-biotin}.

[B6026]  In a further embodiment, the disclosure provides compositions comprising the
cysteine substituted antibodies and an adjuvant. In one aspect the adjuvant is
pharmaceutically acceptable carrier or diluent.

[66027]  in a further embodiment, the disclosure provides a method of detecting the
presence of a cell of interest, comprnising contacting a cell with at least an effective amount of
a cysteine-substituted antibody capable of binding the cell, and detecting binding of the

antibody to the cell, wherein said binding indicates the cell of interest. In one aspect, the cell

G-
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of mterest is a cell expressing CLL-1. In ancther aspect, the cysteine-substituted antibody is

conjugated to a detectable moicty.

[B8028]  In a further embodiment, the disclosure provides a method of diagnosing a disease
comprising: (i} contacting a biological sample from an ndividual with at least an effective
amount of a cysteine substituted antibody capable of binding to diseased cells, and (11}
detecting binding of the antibody to a diseased cell, wherein binding mdicated the presence of
the discase. In one aspect, the substitated cysteine antibody ({CYSMAB) is conjugated to a
detectable motety. In another aspect, the discase is cancer, and the antibody bonding to a
tumor associated antigen or a cancer stem cell associated antigen. In vet another aspect, the
discase 1s a myeloproliferative disorder. In a further aspect, the myeloproliferative disorder is
selected form the group consisting of AML, CML, CMML, multiple myeloma,
plasmacytoma and myelofibrosis. In a further aspect, the tumor associated antigen or cancer
stem cell antigen s CLL-~1, GPR114, ILIRAP, TIM-3, CD19, CD20, CD22, ROR],
mesothelin, CD33, CD123/4L3Ra, c-Met, PSMA, prostatic acid phosphatase (PAP), CEA,
CA-125, Muc-1, AFP, Glyeolipid F77, EGFRvIH, GD-2, NY-ESO-1 TCR, tyrosinase,
TRPVgp75, gpl00/pmel-17, Mclan-A/MART-1, Her2/men, WT1, EphA3, telomerase, HPY
E6, HPV E7, EBNAL, BAGE, GAGE and MAGE A3 TCRSLITRK6, ENPP3, Nectin-4,
Ch27, SLC44A4, CALX, Cnpto, CD30, MUC16, GPNMB, BCMA, Trop-2, Tissue Factor
(TF), CanAg, EGFR, av-integrin, CD37, Folate Receptor, CD138, CEACAMS, D36,
CD70, CD74, GCC, 5T4, CD79%, Steapl, Napi2b, Lewis Y Antigen, LIV, ¢-RET,
DLL3EFNA4, or Endosialin/CD248.

[G0029]  in a further embodiment, the disclosure provides a method of mhibiting cell
division comprising contacting a cell with at least an effoctive amount of a cysteine
substituted conjugate (Y SMAB) capable of binding to the cell and which is conjugated to a
drug that is cvtotoxic to the cell. fn one aspect, mhibition of cell division results in cell death.
I another aspect, the cell 1s a tumor or cancer stem cell and the antibody binds to a tumor
associated antigen or cancer stem cell antigen. In another aspect, the tumor or cancer stem
cells are from a myeloproliferative disorder. I vet another aspect, the myeloproliferative
disorder is selected from the group consisting of AML, CML, CMML, multiple myeloma,
plasmacytoma and myclofibrosis. In a further aspect, the tumor associated antigen or cancer
stem cell antigen is CLL-1, GPR114, ILIRAP, TIM-3, D19, CD20, D22, RORI,
mesothelin, CD33, CD123/1L3Ra, ¢-Met, PSMA, prostatic acid phosphatase (PAP), CEA,
CA-~125, Muc-1, AFP, Glvecolipid F77, EGFRvHI, GD-2, NY-ESO-1 TCR, tvrosinase,
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TRPU/gpT75, gp100/pmel-17, Melan-A/MART-1, Her2/nmeu, W1, EphA3, telomerase, HPY
E6, HPY E7 EBNAL BAGE, GAGE and MAGE A3 TCRSLITRKS, ENPP3, Nectin-4,
CD27, SLC44A4, CALX, Cnpto, CD30, MUCT6, GPNME, BCMA, Trop-2, Tissue Factor
(TF), CanAg, EGFR, av-integnin, CD37, Folate Receptor, CD138, CEACAMS, (D56,
CD70, CD74, GCC, 514, CD79%, Steapl, Napi2b, Lewis Y Antigen, LIV, ¢-RET,

DLL3 EFNA4, or Endosialin/CD248.

{08033  In a further embodiment, the disclosure provides a method of treating cancer
comprising administering 1o a patient a therapeutically effective amount of a ¢ysteine
substituted antibody conjugate (¢.g., an antibody-drug conjugate (ADC) gencrated using
cysieine substituted antibody}, wherein the antibody conjugate is capable of binding a tumor
associated antigen or cancer stem cell antigen. In one aspect, the canceris a
myeloproliferative disorder. In ancther aspect, the myeloproliferative disorder s selected
form the group consisting of AML, CML, CMML, multiple mycloma, plasmacytoma and
myelofibrosis. In vet another further aspect, the tumor associated anfigen or cancer stem cell
antigen 13 CLL-1, GPR 114, ILIRAP, TIM-3, CDH 9, (D20, CD22Z, RORI, mesothelin, CD33,
CD1253/1L3Ra, o-Met, PSMA, prostatic acid phosphatase (PAP), CEA, CA-125, Muc-1, AFP,
Glyeolipnd F77, EGFRVIL, GD-2, NY-ESQ-1 TCR, tyrosinase, TRPI/gp75, gpl00/pmel-17,
Melan-A/MART-1, Her2/neu, WTL, EphAS, telomerase, HPY E6, HPY E7 EBNAI1, BAGE,
GAGE and MAGE A3 TCRSLITRKS, ENPP3 Nectin-d, CD27, SLC44A4, CATX, Crpto,
CD30, MUC16, GPNMB, BCMA, Trop-2, Tissue Factor (TF), CanAg, EGFR, av-integrin,
CD37, Folate Receptor, CDI38, CEACAMS, CD36, CD70, CD74, GCC, 574, CD79%,
Steapl, NapiZb, Lewis Y Antigen, LIV, ¢-RET, DLL3 EFNA4, or Endosialm/(CD248.
[B0031] Also provided is an antibody conjugate comprising a cvsteine-substituted
immunoglobulin polypeptide comprising a substituied anmuno acid residue at $156 under
Kabat numbering (157 under EU nambering) in the antibody heavy chain {the antibody
portion having a heavy chain and a light chain) linked via the cysteine to an
mdolinchenzodiazepine dimer or isoquinolidinobenzodiazeping dimer (including but not
limited to D202 as described below). In some embodiments, the indolinobenzodiazepine
dimer or isoquinolidinobenzodiazepine dimer (including but not himited to D202 as described
below) is attached to the antibody through a inker and the linker is connected via disulfide
bond to the drug. In some embodiments, the disulfide bond 15 a pyndyl disulfide moicty. fn

some embodiments, the hinker 1s cleavable in the microenvironment of the target.
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[06032] Also provided is a composition comprising an antibody conjugate comprising a
cysteine-substituied tmmunoglobulin polypeptide comprising a substituted aming acid
residue at 5156 under Kabat numbering {137 under EU numbering) in the antibody heavy
chain linked via the cysteine to an mdolinobenzodiazepine dimer or
isoquinolidinobenzodiazepine dimer (inchuiding but not limited to D202 as described below)
and an adjovant. In some embodiments, the composition is pharmaceutically acceptable.
160033]  Also provided is a maethod of inhibiting cell division comprising contacting a cell
with at least an effective amouont of an antibody conjugate comprising a cysteine-substituted
immunoglobulin polypeptide comprising a substituted amine acid residoe at 8156 under
Kabat numbering (157 vonder EU numabering) in the antibody heavy chain finked via the
cysteine to an indolinchenzodiazepine dimer or isoquinohidinobenzodiazepine dimer
(including but not linuted to D202 as described below). In some embodiments, the inhibition
of cell division results in cell death. In some embodiments, the cell is a tumor or cancer stem
cell, and the antibody binds to a tumor associated antigen or cancer stem cell antigen. In
some embodiments, the tumor or cancer stem cells are from a myveloproliferative disorder. In
some embodiments, the myeloproliferative disorder is selected from the group consisting of:
AMIL, CML, CMML, multiple mycloma, plamacytoma myelofibrosis. In some embodiments,
the tumor associated antigen or cancer stem cell antigen 1s CLL-1, GPR114, ILIRAP, TIM-3,
CD19, CD20, CB22, ROR1, mesothelin, CP33, CD123/1L3Ra, ¢-Met, PSMA, prostatic acid
phosphatase (PAP), CEA, CA-125, Muc-1, AFP, Glycolipid F77, EGFRvIIL, GD-2, NY-
ESG-1 TCR, tyrosinase, TRPVgp73, gpi00/pmel-17, Melan-A/MART-1, HerZ/neu, WTE,
EphA3, telomerase, HPV E6, HPV E7, EBNAI, BAGE, GAGE and MAGE A3
TCRSLITRKS, ENPP3, Nectin-4, CD27, SLC44A4, CATX, Cripto, CD30, MUCI6,
GPNMB, BCMA, Trop-2, Tissue Factor {TF), CanAg, EGFR, av-integrin, CD37, Folate
Receptor, CD138, CEACAMS, CD36, CD70, CD74, GCC, 5T4, CD79b, Steapt, NapiZb,
Lewis Y Antigen, LIV, ¢-RET, DLL3 EFNAA4, or Endosialin/CD248.

106834]  Also provided is a method of treating cancer comprising administering {0 a patient
a therapeutically effective amount of an an antibody conjugate comprising a cysteine-
substituted immunoglobulin polvpeptide comprising a substituted ammno acid residue at 5156
under Kabat numbering (157 under EU numbering} in the antibody heavy chain linked via the
cvsteine to an indohinobenzodiazepine dimer or isogquinslidinobenzodiazepine dimer
{includmg but not imited to D202 as described below) wherein the antibody conjugaie 1s
capable of binding a tumor associated antigen or cancer stem cell antigen. In some

embodiments, the cancer is a myeloproliferative disorder. In some embodiments, the

“9-
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myeloproliferative disorder is selected from the group consisting of AML, CML, CMML,
mulitiple myeloma, plasmacytoma and myelofibrosis. In some embodiments, the tumor
associated antigen or cancer stem cell antigen 1s CLL-1, GPR114, IL1RAP, TIM-3, CD19,
CD20, CD22, ROR 1, mesothelin, CD33, CD123/1L3Ra, c-Met, PSMA, prostatic acid
phosphatase (PAP), CEA, CA-125, Muc-1, AFP, Glycohipid F77, EGFRVHE GD-2, NY-
ESG-1 TCR, tyrosinase, TRPVgp735, gpl00/pmel-17, Melan-A/MART-1, HerZ/neu, WT1,
EphA3, telomerase, HPV E6, HPY E7, EBNAI, BAGE, GAGE and MAGE A3
TCRSLITRKS, ENPP3, Nectin-4, CD27, SLC44A4, CALX, Crnpto, UD30, MUCIS6,
GPNME, BCMA, Trop-2, Tissue Factor {TF), CanAg, EGFR, av-integrin, {D37, Folate
Receptor, CD138, CEACAMS, CD56, CD70, CD74, GCC, 574, CDY79, Steapl, NapiZh,
Lewis Y Antigen, LIV, ¢-RET, DLL3, EFNA4, or Endosialin/CD248,

106835]  Other objects of the disclosure may be apparent to one skilled in the art upon

reading the following specification and claims.

BRIEF DESCRIPTION OF THE BRAWINGS

[36036]  FIEG.1 shows 3 distinct ELISA assay comparing the specificity of the antibody-
fluorophore conjugates {AFCs) of the disclosure. Format 1 1s a direct ELISA wherein the
CLL-1 extra cellular domain (ECD) fixed, to which the AFC binds, and is then detected by
the anti-fluorophore antibody (rabbit anti-A488) and detection reagent (anti-rabbit Fo-HRP).
Format 2 is an ELISA wherein the anti-fluorophore antibody (anti-A488 Ab) is bound, and
the AFC and biotinvlated CLL-1 ECD are sandwiched between the detection reagent (SA-
HRP). Format 3 1s an altemative ELISA were anti-CLL-~1 Ab 1s immobilized and sandwiches

CLL-1 ECD and AFC and the anti- A488 Ab and the detection reagent (anti-rabbit Fc-HRP).

160037) FIG. 2A-28 displays the assay ELISA specificity assav format 1. FIG. 2A shows
similar specificity of the assay for labeled AFC and WT anti-fluorophore antibody, relative to
IgG, trastuzumab, naked HuM31, and control labeled IgG. The results show similar
specitficity between labeled HoM3 1 and W'T. FIG. 28 depicts the effect of interforence with

human plasma and PBS.

106638] FIG. 3 15 a cartoon showing the format of the stability ELISA assay. In thig
format, AFC is sandwiched between mmmobihized CLL-1 ECD and detection reagent. {(SA-
HRP).

[6803%] FIGs. 4A-4E shows an alignment of the HuM31 heavy chain antibody constant

chain with other IgG1, IgG2, 1gG3 and 1gG4 sotypes with residues identified with Kabat, EU

-10~
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Index and sequential mumbering. Light Chain Sequences (FIG. 4A): M31 (SEQ B NG.7T),
HoM31 (SEQ I3 NGO:8), kappa (SEQ 1D NG9} and lambda (SEQ ID NOG:10}. Heavy Chain
Sequences (FIG. 4B): M3 1 (SEQ 1D NG: 1) and HuM31 (SEQ ID NO:12).

[36040] FIG. 5 ilustrates fhuorescence~to-antibody (FAR} ratios for various antibody

conjugates.
[06041] FIG. 6 tlustrates drug-to-antibody (DAR) ratios for vanous antibody conjugates.

60042 FIG. 7 provides resulis of the conjugation, including amino acid residue and

fluorophore-io-antibody ratio (“FAR”) for various antibody conjugates.

106043] FIG. & provides results of the conjugation, including aming acid residue and

fluorophore-to-antibody ratio {(“FAR”) for various antibody conjugates.

[08044] FIG. 9 provides resulis of the conjugation, imcluding amimo acid residue and

fluorophore-to-antibody ratio (“FAR”) for various antibody conjugates.

[36045]  FIG. 10 provides results of the conjugation, including amino acid residoe and

Huorophore-to-antibody ratic {("FAR”) for various antibody conjugates.
[66046] FIG. 11 illusirates stability for various antibody conjugates.

600477 FIG.12A-C provide graphs of FACS Binding data for C6-CY SMAB-ADCs.
Circle, C6-S136C-D202; square, C6-A118C-D202; tnangle, C6-G316C-D202; open circle,
Co-V266C-D202; open square, C6-8239C-D202; open trangle, C0-D202.

DETAILED DESCRIPTION OF THE INVENTION

[60048] This application is not lumited to particular methodologies or the specific
compositions described, as such may vary. It is also 1o be understood that the ferminology
used herein s for the purpose of descnbing particular embodiments only, and s not intended
to be himiting, since the scope of the present application will be limited only by the appended

claims and their cquivalents.

[06049]  Unless defined otherwise, all technical and scientific terms used herein have the
same meaning as commonly understood by one of ordinary skill in the art to which this
disclosure belongs. Suggested methods and matenals are described, hereafier, although any
methods and materials similar or equivalent to those described herein can be used in the

practice or testing of the present application.

-11~
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IR Definitions

[B0056]  An “immunoglobulin®, as used herein, refers to an immunoglobulin polypeptide or
an antibody.

0051 The torm "Bamunogiobudin polvpepide” refers 10 a polypeptide substantally
enceded by an mmownoglobulio gene.

60052} Thetorm “antibody” refers fo a protein having antigen binding activity and an
aming acid sequence from or derived from the framowork region of an immunoglobubn
cncoding gene of an animwal prodecing antibodies. The toro includes but 18 not bmited to
polvelonal or monocional antibodies of the isotvpe classes IgA, Igd, IgE. lgG, and IgMd,
derived from human or other oammalian cells, mncluding natural or genetically modified
forms such as humanized, human, single-chain, chimenc, synthetic, recombimant, hybrid,
mutated, grafted, and o vitro gengrated antibodics. The torm encompasses conjugates,
mchuding but not limited to fusion protens codaming an invovnogicbuln maicty {e g..
chimeric or bispecific antibodies or scFv's), and fragments, such as Fab, F{ab'2, Fv, sckv,

Fd, single domain {(dAk) and other compositions.

[B08053]  The term “cysfeine substituted immunoglobulin,” as used herein, refers to a

cysteine substituted immunoglobolin polypeptide or cysteine substituted antibody.

[06034]  The torm “cysteine substituted immunoglobulin polypeptide” as used herein refers
1o a polypeptide comprising at least one non-naturally occurring constant region
mmmunoglobuhin amino acid residue that has been substituted with cysteine. A non-naturally
occurring substitution is one that is not isotypic. In one embodiment, the substituted residucs
are heavy chain constant regions residues V266(C, H285C, R301C, V303, T307C, G316C,
Y436 and L441C. In another embodiment the constant region is of isotype IgG1, I2G2,

12G3 or IgG4.

[66055] ¢ term “‘cysteine substituted antibody” ("CYSMABT) refers to an antibody

comprising a cysteine substituted immunoglobulin polypeptide.

[608056]  The terms “immunoglobulin conjugare” as used herein, refer to an
immunoglobulin polvpeptide or an antibody or “anfibody conjugate " that 1s conjugated to a
functional moiety.

60057 ¢ terms “immunoglobulin drug conjugate” as used herein, refers to an

[

mmunoglobulin polypeptide or antibody Canttbody drug conjugare” (“ADC™)), that 15
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conjugated to a functional moiety, such as a drug moiety or a radiolabel or a detection

reagent.

[38058] The term “Cysteine substituted immunoglobulin drug conjugate” or refers to a
cysteing substituted immunoglobulin polypeptide or cysteine substituted antibody
(“CYS5AAB”) that has been conjugated to a drug moiety, ¢.g., cysteine substituted antibody

drug conjugate ("CYSMAB ADC™).

[B005S]  An cxemplary antibody immunoglobulin structural unit comprises a tetramer.
Each tetramer 1s composed of two identical pairs of polvpeptide chains, cach pair having one
“hght” (about 25 kD) and one “heavy” chain (about 50-70 kI3}. The N-ternunus of each cham
defines a variable region of about 100 to 110 or more amino acids primarily responsible for
antigen recognition. The terms variable hight chain (VL) and vanable heavy chain (VH) refer
to these light and heavv chains respectively. The variable region contains the antigen-binding
region of the antibody {or its functional equivalent) and 15 most cnitical in specificity and

affinity of binding. See Paul, Fundamental Immunology (2003).

[30066]  Antibodies can exist as intact immunoglobuling or as any of a number of well-
characterized fragments that include specific antigen-binding activity. For the sake of clarity,
a tetrameric antibody with heavy and light chains is referred to herein as an “intact
mmmunoglobulin,” and can be naturally occurring, polvelonal, monoclonal, or recombinantly
produced. Fragments can be produced by digestion with various peptidases. Pepsin digests an
antibody below the disuifide linkages in the hinge region to produce F{aby?2, a dimer of Fab
which itself is a hight chain joined to VH-CHI by a disulfide bond. The F(ab}'2 may be
reduced under mild conditions to break the disulfide linkage mn the hinge region, thereby
converting the F{ab)'2 dimer into an Fab’ monomer. The Fab' monomer is essentially Fab
with part of the hinge region. While various antibody fragments are defined in terms of the
digestion of an intact antibody, one of skill will appreciate that such fragments may be
synthesized de novo either chenmuicallv or by using recombinant DNA methodology. Thus, the
term antibody, as used herein, also includes antibody fragments either produced by the
modification of whole antibodies. or those svnthesized de novo using recombinant DNA
methodologics or those identified using phage display libraries {(sce, ¢.g., McCafferty et al,

Nature 348:352-354 (1990)).

[06061]  As used herein, the term “Fv” refers to a monovalent or bi-valent variable region

fragment, and can encompass only the vanable regions (e.g., VL and/or VH), as well as

~13~
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longer fragments, ¢.g., an Fab, Fab' or F(ab")2, which alse includes CL and/or CHY. Unless
otherwise specified, the term “Fc” refers to a heavy chain monomer or dimer comprising

CH?2 and CH3 regions.

[B6862] A single chain Fv {scFv} refers to a polypeptide comprising a VL and VH joined

W

by a linker, ¢.g., a peptide hnker. ScFvs can also be used to form tandem {or di-valent) scFvs
or diabodies. Production and properties of tandem scFvs and diabodies are deseribed, e g, m
Asang ef af (20117 Biol Chem. 2861812, Kenanova ef of. (2010} Prorf Fag Design Sel

23:789; Asanc et al. (2008} Proi fing Design Sl 21597,

[B8063]  The torm “mwonoclona! anfibody” as used herein refers to a clonal preparation of
10 antbodies with a single binding specificity and affinnty for a given epiiops on ap antigen. A
£3

polyolonal antibody” refers (o a preparation of antibodics that are raised against a single

£

antigen, but with differont binding specificitios and affintics

[B8864]  As used hewin, “variahle region” or “Veregion” refers to an antibody variable

region domain comprnsing the segmenis of Framework |, CHBRY, Framework 2, CHBRY, and
15 Framoework 3, inchuding CDR3 and Framework 4, which scgments are added to the V-

segment a3 a consequence of rearrangement of the heavy chain and Hight chan Veregion

genes dunng B-cell differentiation.

[66063]  The torm "framewaork” or "FR" as used herem refers o vanable domam residues
other than hyvpervariable region (HVR) residues. The FR of a variable domain generally

20 consists of four FR dowwins: FRI, FRZ, FRE, and FR4. Accordingly, the HVE and FR
sequences generally appear m the followmsg sequence 1o VH {or VL) FRI-HVRE{L1)-FR2-

HYRZ(L2-FRE-HVR3(L3FRA.

[0066)  As used herein, “complementariry-defermining region (CDRY rofers to the three

hypervariable regions i each chain that micrropt the four “framowork” regions estabhishe

o
[

by the light and heavy chain variable regions. The CDRs are primarily vesponaible for
binding to an opiope of an antigen. The CDRs of each chain are tvpically referred 10 as
CDRL, CDRY, and CDR3, numbered sequentially startng from the N-tervunus, and are also
typically identified by the chain in which the particudar CDR 13 located. Thus, a Yy CDR3
focated o the variable domain of the heavy chain of the antibody i which it is found,

30 whereas a ¥V CDRI is the CDRI frowg the vaniable domain of the light chain of the antibody

in which i 18 found.

~14~
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(86667 The amino acid sequences of the CORs and framework regions can be determined
asing various well known definttions in the art, e.g.. Kabat, Chothia, infernational
ImMunotene Tics database (MG and AbM {sece, oz, Jobuson et al, supra; Chothia &
Lesk, (19873 J Adol Biol 196, 901-917; Chothia et al. (1989) Nature 342, 877-883; Chothia
et ab {19923y J Mol Biol 227, 799-817; Al-Lazikani et al, JJ Aol Biol 1997 273(4) A
helpful guide for locating UDRs using the Kabat systern can be found at the website available
at bivint org uk/abs. Defuutions of antigen combining siies are also described i the
followimg: Ruiz et al. Nucleio deids Res., 28, 219221 (2000}, and Lefrane Nucleic Acids Res.
January 1; 2901):207-9 {2001}, MacCallum et al, J Aol Biol 262 732-745 {1596); and
Martin ¢t al, Proc. Narl Acad Sci. (US4, 86, 9268-9272 (1989, Martin, ot al, Adethinds
Enzymeol, 203 121-133, {1991} Podersen of al, fmmunomerhods, 1, 126, (1992}, and Regs et
al, In Stemberg M. 1 E. {od.}, Protein Structire Prodiction. Gadord University Pross, Oxdord,
141-172 1996y, Exarople UDRs are described as CRR-HY, CDR-H2, COR-H3, CDR-LL,
CBR-L2Z and CDR-L3 of Figure 7 of USZO13/02095 118

[B0068]  The term “hypervariable region”™, “"HVY R when used herein refors to the rogions
of an antihody variable domain which are hypervanable in sequence and/or foon structurally
defined loops. Generally, antibodies compriae six hypervaniable regions; three m the VH (HI,
H2, H3), and three w the VL (L1, L2, L3}, A mumber of hypervariable region delineations are
in use and are encompassad herein. The Kabat Complementarity Dotermining Regions
{C13R s are based on sequence variability and are the most coromonty used {Kabat ot al|
Sequences of Protems of Imounological Interest, 3th Ed. Public Health Service, MNational
Instrtutes of Health, Bethesda, Md. (19911}, whereas Chothlia refers o the location of the
structural oops (Chathia and Lesk {19873 1 Mol Biol, 196:901-2173 The “contact”
hypervariable regions are based on an analysis of the available complex crvstal structures.
The residues from each of these hypervariable regions are noted below. Unless otherwise
dengted, Kabat numbering according to the Kabat Database of aligned sequences of profeias
will be emploved {Wu and Kabat (1870} . Exp. Med. 132:211-230; Johnson and Wa (2600)
MNuc. Acids Res, 28(11214-218). Hypervanable region locations are generally as follows:
amine acids 24-34 GIVR-L1Y, ameno acids 49-56 (HVR-L2Y, amine acids 89-97 (HVR-L3},
amine acids 26-35A (HYER-HI), anino acids 49-05 (HYR-H2?}, and anuno acids 93-102
{(HVR-H3} Hypervanable regions nay also comprise “exiended hyporvanable regions” as
follows: amnnoe acids 24-36 (L 1), and aming acids 46-536 {123 mthe VL. The vaniable domain

residues are numberad according to Kabat ot al | supra for cach of these definitions. An
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“altered hypervariable region™ for the purposes herein 18 a hypervariable region comprising
ong of more {.2. one 1o aboud 16) amino acid substitution{s} therein. An “unmodified
hyporvanable region” for the purposcs horein 1s a hvpervaniable region having the same
amino acid sequence as a non-huroan antibody from which o was derived, 1o, one which

Iacks one or more annno acid substitutions thersin,

(66069 The torm “chimeric antibody” as used herem refors 1o an aniibody in which {a} the
constant region, or & portion thercof, s altered, replaced or exchanged 2o that the antigen
binding site {vanable region, TR, or portion thereof} is hinked to a constant region of a
different or altered clase, effector function and/or species; or (b} the vanable region, ora
portion thereof, s alfercd, replaced or exchanged with a vanable region baving a different or
altered antigen specificity fe.g., CDR and framework regions from different specics).
Chimernic antibodies can nclude variable region fragments, e.g., a recombinant antibody
compré sing two Fab or Fv rogions or an sckv. A chimenc can also, ag indicated above,
clude an Fo region from a differend source than the attached Fv regions. In some cases, the
chimeric antibody imeludes ehimerism withm the Fv region. An example of sach a chirpernice
ardibody would be 2 humanized antibody where the FRs and T Bs are fom differont

[OUTCOS.

[G078] The torm “Humanized antibodies” as used heren refers to antibodies m which the
antigen binding foops, 1.e., CDRs, obiained from the Y and Vo regions of a non-human
antibody are grafied to 2 buman framework sequence. Humamzation, 1.6, substitution of non-
human CDR sequences for the corresponding sequences of a human antibody, can be
performed followmng the methods desentbed 1o, 2., U8 Pat MNos, 5,543,806, 5,569,825,
B33 4355 661 016; Ricchmann ot al, e 330323-327 (1988}, Marks ¢t al,
io/Fechnology 10:779-T83 {1992} Morrison, Noture 368:812-13 (1994}, Fishwild et ad,

A

tﬁ

Nature Biotechnology 14:845-51 {1996}, Transgenic mice, or other organisias such as other
maromals, may also be used to oxprese hwwanized or human antibodies, as disciosed i U5

Pat. Mo, 6,673,986,

[B8671]  The torms “specific for,” “specifically binds,” and like torms refir to a molecule
{e.g., antibody or antibody fragroent) that binds to a target with at least 2-fold greater affinty
than non-target compounds, c.g., at least any of 4-fold, 3-fold, 6-fold, 7-fold, B-fold, 9-fold,
1-fold, 20-foid, Z5-fold, 5(}—1’01{1, or 160-fold greater affimity . For example, an andibody that

specifically binds a primsary target will typically bind the pomary target with at least 2 2-fold

~16-
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greater affinity than a non-primary anttbody target (&g, an aniibody from a different species

fhad

or of a difforent isotvpe, or a non-antibody targei}.

{08721 The term “Ainds” with respect to an antibody target {¢.g.. antigen, analvie,
wnmane complex) typically idicates that an antibody binds a majority of the antibody targets
int 3 pure popdation {assuming appropnate molar ratinsy. For example, an antibody that binds
a given antibody target typically binds to st least % of the antibody targets i a solution (o g,
at feast any of 75, 80, 35, 00, 91, 92, 93,94, 95 96, 97, 95,99, or 100%}. One of skill will
nizg that some vanabitity will arise depending on the rocthod and/or threshold of

LNy

:,':
determining binding.

{00731 The terms “abel” “deteciable moiedy.” and like terms refer i a composition
detectable by speciroscopic, photochamical, biochenucal, immunochemical, chenical, or
other physical means. For example, usefisl labels include Huorescerd dyes, luminescent
agents, radioisotopes {e.g . P, "H), electron-dense reagents, enzyvmes (6.2, a8 commonly
ased inan ELISA}Y, biotin, digoxigenin, or hapions and profeins or other enditics which can be
made detectable, e g, by meorporating a radiolabel into a2 peptide or antibody specifically
reactive with a target analvie. Any method known m the art for conjugating an antibody to
the label may be amploved, ¢.2., using methods deseribed i Hemmanson, Bioconjugare
Fechnigues 1996, Academic Pross, Inc., San Bicgo. The torm “ag™ can be used
synorrymausty with the fere “label” but generally wefors to an affinity-based maoiety, ez, a

“His tag™ for punfication, or a “streptavidin tag” that interacts with biotin.

[B0074]  The torm “labeled” molecule (22, nucleic acid, protoin, or antibody ) as used
herein 1 one that 18 bound, either covalently, through a boker or a chenncal bond, or non-
covalently, through womie, van der Waals, electrostatic, or hydrogen bonds to a label such that
the presence of the molessle may be detected by detocting the presence of the label bound o
the molecule,

7yoo0

[B6673]  The term “( “fype lectin-Like molecule I (CLL-1}7 also known as CLECIZA
DBCAL-Z, and MICL, 15 a type U membrane protein (FTIM domaig—TM domain-stalk
domain-tecun-bke domain). The extracellular domain of CLE-1 18 lighly glycosviated, and it
18 expressed exclusively i colls of myelod Hneage. CLL-1 15 also expressed on AML, MBS,
and UML celis, CLL-1 expression can be used to distinguish botween normal hematopaictic

stem: colls (HSCs), which do not express CLE-1, and leukomic sters ceils {L.8Cs), where it is
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expressed. L5Cs are CD34+ cells n foukemia patients that lead o production of cancer cells

and recurrence of cancer. See Bakker et al. (2004 Concer Hes. 64:8443.

[8876]  The nucleotide and amino acid sequences of CLL-1 are known for many species.
For example, the human sequences can be foond as SEQ 1D NG:2 i US2013/0295118 and
Genbank accession number AF247788 1 and Uniprot accession namber Q3QGZ9 (SEQ 1D
NG:2). For the human CLL~1 protein shown as SEQ 1D NO:2, the extracellular domain
comprises approximately amine acids 65-2635, the transmembrane domain comprises
approximately amino acids 44-64, and the cyvtoplasmic domain comprises approximately
amino acids 1-43. The stalk domain of human CLL-1 spans amino acids 65-139, and the C

lectin domain spans amino acids 140-249,

G077 The torm “ULL-7 associaied disorder” as used herein refers to conditions and
diseases correlated with nonepathogenic lovels (o g, elovated or reduced col surface
expression of {LL-1} as compared to CLL-T expreasion in a standard control {o.2., a normal,
non-discase, non-cancer colly. Elevated CLL-1 lovels are assootated with cancer cels, in
particular, loukemias such as AML (aonte mvelogenous leukemia), MDS (myelodysplastic
syndrome}, and CML (chronic myvelogenous leukemia), and in hematopoietic CS8Cs (e.g.,

LSCs).

W78 The “cancer stem cell” hvpothesis proposes that only a small portion of a tumor is
represented by the “cancer stem cell,” which allows the tmmor to proliferate and self-renew,
and eventually differentinte mito the phenotvpically diverse and heterogeneous tumor cell
population {Bietkvig ¢f af . Nat Rev. Cancer, 5:899-904, 70053, Cancer stom celis can be
wsolated from any type of cancers, ¢.g., teukemias, breast, colon and brain cancers, colon
cancers. Cancer siem cells are charactenzed by their ability to selfirenow and proliferate, and
recapitulate through difforentiation from the parental tumor. Exemplary cancer stem cell
antigens molude C133, Brot-1, Notch, Sonic hedgohog, and Wit Additionally, oxemplary
molecular markers of neural cancer stem cells mclude CDOG, CD44, CXCRA, Mestin,
Musashi- (Mwi1}, maternal embryonic lencine zipper kinase (MELK), GLIL, PTCHI, Brn-
1, phosphoserine phosphatase (PEP), Spail, OCT4, BORPL, MOMT, Bel-Z, FLIP, BCL-XE,

XIAP, clAPL ¢flAP2, NAIP, and survivin. One vsefid cancer stem coll antigen s CLL-T

00751 The tom “oyteforie” rofers 1o the inlubiory effcet that an agent has on acoll ¢

necrosis {a loss of membrane udegrity and rapid death as a result of cell byais); decreased
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viability {wherein cells stop proliferating) and apopfosis {a genctic program of controlled ecll
death).
008G Cytotoxcity can also be montiored using the 3-¢4, S-Dhmethvi-Z-thiazobvi)-2, 3-
diphenvi-2H-tetrazohiom bromide MTT) or MTS assav. This assay measures the reducing
potential of the colf using a colorimeinic reaction. Viable colfe will reduce the MTS reagent
1o a colored formazan product. A similar redox-based assay has also been developed using
the fluorescent dye, resazarin. In addition fo using dyves to mdicate the redox potential of celis
in order o morator their viability, researchers have developed assavs that use adenocsine
triphosphate (ATP) content as a marker of vigbilty., Such ATP-based assavs include
biclununescent assays m which ATP 1s the hnnting reagent for the luciferase reaction (e.g.
CellTiter-Glo Luminescent Cell Viability assay, Promega). Cyiotoxicity can also be
measured by the sulforhodaming B {SRB) assay, WST assay and chronogeruc assay. A label-
free approach to follow the ovictoxic response of adherent antioal cells mn real-time s bases

1 electric impedance measurements when the celis are grown on gold-film clectrodes. This
technology s reforned to as electne cell-substrate vopedance sensing (ECISY Label-frec real-
time tochniques provide the kinetics of the cyvintoxic response rather than just a snapshot ke

many colorimetric endpoint assays.

W08 Theterms “CLE-S specific antibody.” “anti-CLL-1 antibody,” “CLE-1 antibody,”
and “anii-CLE- 17 are used synonvioously horein o refor fo an antibody that specifically
binds to CLL-1, mehuding vanously glveoayiated forms of CLE-1. The CLL-1 antibodies
described herem specifically bind the CLL-1 polypepiide expressed. 2.5, on the surface of
cartan cancer cells, but not to hematopoienc stem cells (HSCUs). Ag discussed m mowe dotad
below, the present anti-CLEL-1 antibodics can bind CLL-1 oxpressing cells, bind a larger
percentage of AML cells compared to other AML-targeting antibodics, inhibat AML cell
proliferation, and mediate their destruction. Examples of andt-CLL antibodies suitabie for use
as cysieine substituted antibodies {CYSMABg) of flus disclosure are described
USZ013/0295118, published Nov. 7, 2013, An anti-CLL~1 antibody can have CDRs as

disclosed in that publication, m particelar, CORs for antibodies M31 and M26.

(G808 The torm “diferenticlly expressed” or “difi

ally regulated” yofors generally
t0 a protem or nuckeic acid biomarker that is overexprossed (ppregolated) or under-expressed
{downregulated} in ane sample compared to at Icast one other sample. In the contoxt of the
present disclosure, the term gencrally refers to overexpression of CLE~1 on a cancer colf

{e.z., an AML celt or AML C5C) compared 1o a nomal, non-cancer cell
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[B6083] For example, the terms “overexpressed or “upregulated” mterchangeably refer to
a protein or nucleic acid, generally a biomarker, that is transoribed or franslated at a
detoctably greater than coutrol tevel, The tero inchudes overexpression due 1o transcription.,

post transeriptional processing, transiation, posi-transiational processing, cethular localization

(]

{e.g.. organclie, cyvioplasm, nucleus, cell surface), and RMNA and protein stability.
Overexpression can be detected using conventional techmgees for detecting bionarkers,
whether mRMNA (1o, RT-PCR, hvbnidization) or protein (1o, flow cyitometry, immaging,
ELISA, mnmumobhistochemical technigues). Overexpression can be at loast any of 10%, 20%,

30%, 40%, 5309, 60%, 70%, 80%, 90% or more in comparison io a normal celf

10 [BG084] The term “confro!” sample or valoe as used heroin refers (o a sample that serves as
areference, usually a known reference, for comparison to a test sample. For example, g test
sample can be taken from a test condition, e g, 10 the presence of a test compound, and
sompared to samples from known conditions, ¢ g, 10 the absence of the tost compound

{negative control}, or in the presence of a known compound (positive control}. In the confext

[
(v

of the present disclosure. an exampie of a negative condrol wouldd be a biclogical sample from
a known healthy (non-cancer} individuoal, and an example of a positive control would be a
mological sample from a known AML patient. A control can also represent an average value
or a range gathered from a number of teats or resulis. Une of skall in the art will recognize
that controls ean be designed for assessmerd of any pontder of parameters. For example, a
20 countrol can be devised to compare therapeutic benefit based on pharmacological data {e.g,
halfhife) or therapeutic measures {e.2., companson of benefit and/or side effectsy. Controls
can be designed for in vitro applications. One of skall i the art will understand which
cowrirols are valuable m a given situation and be able 1o analvze data based on comparntsons o
control values, Controls are also valuable for determining the significance of daia. For
25 example, ifvalues for a given parameter are widely variant in controls, variation in test

samples wilf not be considered as significant.

[66083]  Thetorm “diagnesis” refers 1o a relative probability that a subject has g disorder
such as cancer. Smlarty, the tevm “progrosis” refers to a relative probability that a certain
future cutcome may occur in the subject. For example, 1o the coutent of the prosent

30 disclosure, prognosis can refer to the hkelibood that an individual will develop cancer, have
recurrence, or the Blkely seventy of the disease (e g, severty of symptoms, rate of finctional
decline, survival, cte ). The forms are vot intended to be absoluie, as will be approctated by

any one of skill in the Held of medical diagnostics.
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[B6086]  “Biopsy” or “binlogicad sample from o subject” as used hergin refers (o a sampic
obtained from a subioct having, or suspected of having a disease, ¢.g., a CLL-1 associated
disarder. The sample can also be a blood sample or blood fraction, e 2., white blood celi
fraction, serum, or plasma. In some cmbodiments, the sample mav be a tissue biopsy, such as
needle blopsy, fine needle opsy, surgical biopsy, eto. The sample can comprise a ssus
sample barboring a lesion or suspecied leston, although the biological sample may be also be
derived from another site, 0.8, a site of suspected metasiasis, a lymph node, or from the
blood. In some cases, the biological sample may also be from a region adiacent to the lesion

or suspecied lesion.

[B8O87] A “biclogical sample” can be obtamed from a subject, c.g., a biopsy, from an
animal, such as an andmal model, or from cultured cells, .o, a cell hne or cells removed
from a subjoct and grown 1o cubture for sheervation. Bislogical samplos mehude tissuos and

hodidy fluids, e.g., blood, blood fractions, lymph, saliva, urime, foogs, ¢,

[66088] The EU numbering scheme refers o the number of the US antibody (Edelman ef
al., Proc. Natl. Acad. Sci. USA 63: 73-85 (1969}). The Kabat Coroplomentanty Deierouning
RBegions {CDRs) are based on sequence vanabihity and are the most commonly used (Kabat o1
of. Sequences of Proteins of Immnmological Interest, 5th Ed. Public Health Service, Mational
Institutes of Health, Bethesda, MD (39913 As used herein, EU number refers o the
sonstant chain nomenclature of the antibodies desenibed heremn, while Kabat 1s used 1o derive

the CBRs and HYRs of the variable regions,

[GQGBY  "Operably {inked" wefors o a juxiaposition of two or more components, wherein
the components so desenbed are i 3 relationship pormitting them to function m their
wtended manper. For example, a prometer s operably linked o g coding sequence f 1t acts
in ois to control or modulate the transcription of the linked sequence. Generally, bot not
necessarily, the BNA sequences that are "operably linked" arc contiguous and, where
necgasary (o jom fwo protem coding regions or in the case of a seorctory leader, contignous
and 1n reading frame. However, although an operably linked promoter s gonerally localed

upstream of the coding sequence, it is not necessarily contiguous with it

B60%6] The torm "promoles” as used herein refors o a polynucleotide sequencs that
sontrols franseripiion of a geno or sequence to which ¢ is operably linked. A promoter

chudes signals for RNA polvmerase binding and transcuption mination. Fhe promoters
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ased will be functional 1n the cell type of the host cell in which expression of the selecied

sequence is contemplated.

[8081]  The torm "veoror," as used herein, 15 intonded fo refer 1o a nucleic acid molocuic
capable of transporting ancther nocleic acid to which 1t hag been linked. One (ype of vector i
a "plasoud”, which refers to a circular double stranded DINA loop indo which additional DNA
segments may be hgated. Another type of veotor 1s a phage vector. Ancther type of voctor is
& viral veotor, wherein additional DNA segmenis mayv be Hgated into the viral genome.
Certain vectors ars capable of autonormous replication i a host cell into which they are
miroduced (¢, bacterial vestors having 2 bactenal origm of replication and episomal
mammalian veciors), Other vectors {o.g., non-episonial mammalian vectors) can be miograted
o the genome of a host cell upon introduction into the host ocll, and thereby are replicated
along with the host gesome. Moreover, cortain vectors are capable of directing the expression
of gemes to which they are operatively linked. Such vectors are reforred 1o herein as

"recombinant exprosmon vectors” {or simply, "expression veciors” ),

(8092 The torm "host cel!™ {or "recombinant hosy cell”), as used herein, is tutended to
refer t0 a cell that has been gonetically alicred, or 1s capable of being genetically altered by
wtroduction of an exogenous polynucleotide, such as with 3 recombinant plasnud or vector,
it should be understond that such terms refer not only 1o the particular subject cell but also to

its progeny.

[GO093]  Theterms “herapy,” “reatment,” and Yamelioration” refer to any redoction in the
severity of svmptoms. In the case of treating cancer {e.g.. AML), treatment can refer o, 2.,
reducing fumor size, mmnber of cancer cells, growth rate, metastatic actvity, reducing cell
death of non-cancer cells, reduced nausea and other chemotherapy or radictherapy side
offects, etc. The torms “treat” and “prevent” are not intonded to be absobute torms. Treatment
and provention can refor io any delay in onsel, arselioration of sympioms, UnpOVERent in
patient survival, ncrease n survival time or rate, ete. Treatment and prevention can be
complete (undetectabls fovels of neoplastic cellsy or partial, such that fower neoplastic colls
are found m a paticet thas would bave occurred without the presest invention. The effect of
troatment can be compared to an individual or pool of individuals not receiving the freatmeent,
or to the same patient prior 1o treatment or at a different time during treatment. In some
aspects, the severnty of disgase is reduced by at least 10%. as compared, e. g, 1o the individual

hetore adounistranion or 10 a condrol individual not undorgoing treatment. In some aspecis
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the severity of disease 18 reduced by at least 23%, 50%, 75%, 80%, or 80%, or i some cases,

10 longer detectable using standard diagnosiic iechnigues,

[00%4]  An "effective amount” of an agent, e.g., apharmaceutical formulation, refers to an
amount eﬁéctﬁve, at dosages and for pericds of time necessary, 1o achiove the demred cellular
response, therapoutic or prophviactis resulf. For example, in a method for inhibiting cell
profiforation, an effoctive amount of 3 cysteme substifuted mununoglobulin dag conjugate
{e.g., CYSMAR ADC) s a concentration which noticeably aftenuates, mbhibits, or provents

cell division i a cell refative to a control cell.

[608095]  The phrase “therapentically effective amonnt” means an amount of a compound of
the present invention that {1} treals or prevents the particudar dissase, condition or digorder,
{1t} attenoates, ameHorates or liminates one of morg symptoms of the particelar disease
condition, or disorder, or {4t} provents or delays the onset of one or more sympions of the
particelar disease, condition or disorder described herein. In one embodiment, the therapeatic
cffective amount i3 an amount sufficient to decrease or alleviate the sympioms of a disorder
responsive to the modudation of CLL-1. In the case of cancer, the therapeutically effective
amount of the drug may reduce the number of cancer colls; reduce the tumor size; mhibit
{1.e., slow to some extent and preferably stop) cancer cell infiltration nto peripheral organs;
inhidit (1.e., slow to some extent and preferably stop) turmor metastasis; inhibit, {0 some
extont, Wwmor growth, and/or rehicve to some oxtont one of more of the eympioms associated
with the cancer. To the exient the drug may prevent growth and/or kill exasting cancer cells, it
may be oviostatic and/or oyvtotoxdc. For cancer therapy, efficacy can, for example, be
measwrod by assessing the toe o discase progression {TFP) and/or detorouning the rospanse
rate {BR}. In one embodiment, the thorapeute effective amount is an amount sufficient to
decrease or alleviate the symptoms of a disorder reaponsive 1 the modulation of CLL-1. In
the case of immunclogical disorders, the therapeutic ¢ffective amount is an amount sufficient
1o decrease o atleviate an allergic disarder, the symptome of an autoimmune and/or

mlamnatory disease, or the sympions of an acute mHlammatory reaction. fn some

cmbodiments, a therapeutically effective amount is an amouant of a chemical entity descabed
berein setficient to significantly decrease the activity or munber of mveloproliferative cancer

gtern cells.

I0026]  As used herein, the torm “pharmaceuficadly coecepioiie” 15 used svnonymously
with physialogically accepiable and pharmacologically accoptable. A phammacentical

composition will generally comprise agents for bufforing and preservation i storage, and can
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melude buffers and carrers for appropriate dehivery, depending on the route of

admirgstration.

[B8087]  The phrase “plarmacentically accepioble salt” as usod heromn, refers (o
pharmaceutically aceepiable organie or inorganic sakts of an ADC. Exemplary salts incinde,
bart are not limited. to sulfate, citrate. acetate, oxalate, chlonide, bronude, wodide, nitrate,
bisutfate, phosphate, acid phosphate, isonicotinate, factate, salicyiate, acid cirate, tarivate,
oleate, tannate, pantothenate, bitartrate, ascorbate, succinate, maleate, gentisinate, fumarate,
sluconate, glucuronats, saccharate, formate, benzoate, glutamate, methangsulfonats,
cthanesulfonaie, benzonesuifonaie, p-toluencsulfonate. and pamoate o, 11 -methyiene-bis-
{Z-hyvdroxy-3-naphthoate}) salts. A pharmaceutically acceptable salt may mvobve the
mctusion of another molecule sach as an acotate lon, 2 succinate ton or other counterion. The
counterion may Be any organic or morganic moeicty that stabilizes the charge on the
compovned. Furthermore, a pharmacoutically acceptable salt may have more than one charged
atom 1n its siracture. Instances where multiple charged atoms are part of the pharmaceutically
acceptable salt can have muoltiple counter ions. Hence, a pharmaceutically acceptable salt can

have one or more chareed atoms and/or one or more counternon.

[6898] “Pharmaceniicollv acceptable solvate” refers 10 an association of one or more
solvent moleciudes and an ADC. Examples of solvents that form pharmaceutically acceptable
solvates moclude, but are not limited to, water, isopropancl, ethanad, methanch, DMS0, ethyl

acctate, acetic acid, and sthanolamine.

[Be89%]  “Carriers” as used herein include pharmaceutically acceptable carriers, excipients,
or stabilizers which are nomtoxic to the cell or mammal being exposed thereto at the dosages
and concenirations emploved. (ten the physiologically acceptable carmmer s an aqueous pH
buffered sodution. Exaroples of phvsiologically acceptable carriers inclode buffers such as
phosphate, citrate, and other organic acuds) andloxidants meluding ascorbic acid; low
molecular weight (loss than about 10 residues) polypepide; proteins, such as serum albumin,
gelating or mmonoglobuling; hydrophilic polvmers such as polyvinvipyrrohdons: aming
acils such as glveine, glutarsine, asparaging, argisiie or lysing; monosaccharides,
disacchandes, and other carbobrvdrates including glucose, mannose, or dextnng, chelating
agents such as EDTA; sugar aloohols such as mannitol or sorbitol; salt-forming countenons
such as sodino and/or nonwonic surfactants such as TWEEN®, polvathyvicne giycol (PEGH.
and PLURONICS®, The torms “dose” and “dosare” are used interchangeably herem. A dose

refers to the amount of active mgredient given 1o an mmdividoal at cach advunistrapon, For the
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present mvention, the dose can refer lo the concentration of the antibody or associated
comaponents, g, the amount of therapoutic agent or dosage of radiolabel. The dose will vary
depending on a rumber of factors, including treguency of adeunistration; size and tolorance
ot the mndividaal; severnity of the condiion; nsk of side offects; the rouie of advunistration;
and the umaging modality of the detectable mosety (1 present}. One of alall in the art will
recognize that the doss can be modified depending on the above factors or based on
therapeutic progress. The term “dosage form” refers to the panicular format of the
phanmaceutical, and depends on the route of admanistration. For example, a dosage form can
be i a liquad, ¢

, 4 saline solution for injection.

3
[BB0IGH]  “Subject)” “patient” “indivichal” and ke torms are used mierchangeably and
refer to, except where indicated, mammals such as humans and non-human primates, as well
as rabbits, rats, mice, goats, pigs, and other marmmalian species. The term does not
necessarily indicaie that the subject has been diagnosed with a particular disease. The torm
“patient” refors to a subjoct under modical supervision. A patient can be an mdividual that is
secking treatment, ronitoring. adpustroent or modification of an oxisting therapeutic regiman,
cte. A “cancer pationt” or “AML patiord” can refor to an mdividual that has been diagnosed
with cancer, 18 currently following a therapeutic regimen, or 1s at nisk of recurrence, e, affor
gurgery to remove a tomor. In some embodiments, the cancer patient has been diagnosed with
cancer and 18 a candidate for therapy. Cancer patients can include individuals that have not
recetved freatroent, are cwrrently roceiving treatment, have had surgery, and thoss that have

discontinued treatment.

[Be8161]  In the context of preating cancer, a subjoct m need of treatment can refor o an
wmdividizal that has cancer or a pre~cancerous condifion, has had cancer and s at nisk of
recurrence, 18 suspected of having cancer, 18 undergoing standard treatment for cancer, such

as radictherapy or chomotherapy, ete.

(6601821 “Cancer”, “tumoer,” and like forms melude precancerous, neoplastic, and
cancerous cells, and can refer to a solid tumor, or a non-solid cancer (see, eg., BEdge et al.
AJCC Cancer Staging Mavual (7% ed. 2009, Cibas and Ducatman Cyrology: Diagnostic
principles and clivival corvelaies (3% od 20090, Cancer includes both bonign and maligoant

neoplasms {abnormal growth).

[GB66103]  The teom “cancer” can refer to loukemias, carcinomas, sarcomas,

adenocarcinomas, ymphomas, sobid and lyrophoid cancers, cie. Examples of difforent types
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of cancer include, but are not mited to, acote myelogenous loukemia (AML}, chronic
mvelogenous levkemia (CML), B-cell lvmphoma, non-Hodgkin's lymphoma, Burkint's
tvraphoma, Smalt Cell lymphoma, Large Coll tvrophoma, reonoovtic loukemia, nyvelogenous
leukemia, acute bvmphooyiic leukenua, multiple mvelomas, tung cancer {e.z., non-small cell
tang cancer or NASCL{), ovartan cancer, prostate cancer, colorectal cancer, Bver cancer {i.e.,
hepatocarcinoma), renal cancer (1., renal cell carcinoma), bladder cancer, broast cancer,
thyroid cancer, pleural cancor, pancreatic cancer, vlerine cancer, cervical cancer, testicular
cancer, anal cancer, pancreatic cancer, bile dact cancer, gastrointestinal carcinoid tumoss,
caophageal cancer, galf bladder cancer, appeondix cancer, small intestine cancer, stomach

{zastric) ca cancer of the central nervous svstem, skin cancer, chonocarcmomna; head and

neck cancer, ostiecgenie sarcoma, fibrosarcoma, neuroblastoma, ghoma, and melanoma.

[E0184] A “cancer fargef” or “cancer marker” 13 a molecule that is differgntially
exprassed oF processed in cancer, ¢.g., on & caneer cell or i the cancer milicu. Exemplary
cancer targets are coll surface protems such as CLL-1 {alse, ¢.g., colt adhesion molecules and
recoptors), intraceilular receptors, hormones, and molecules such as proteases that are
secreted by cells oo the cancer mtligu, Markers for specific cancers are knowr o the arnt,
e.g., C043S for AML, CD34+CD38- for AMEL CSCs, MUCT expression on colon and
solorecial cancers, bombesin receptors in lung cancer, and prosiate specific membrane
antigen {PSMA) on prostate cancer.

[BEH185]  In some embodimenis, the cancer target can be associated with a certain type of
cancer cell, e.g.. AML, lcukeomia, myeloma, Ivmphorsa, non-small cell lung cavcer cells,
prostate cancer, colorectal cancer, breast cancer or ovanan cancer. A coll type specific target
s tvpically expressed af fevels at least 2 fold greater i that colf tvpe than s g reforence
population of cells. In some embodiments, the cell typs specific marker 1§ present at levels at
castany of 3,4, 5,6, 7,8, 9, 10, 28, 50, 100, or 1000 foid bigher than its averags exprossion
in a referonce popufation. Thus. the target can be detocied or mcasured to distinguish the celi
fype or types of interest from other cells. For example, AML cancer targets include CLL-

LyvEa, LILRAL and CD180.

[Be8186] A cancer stem cell {TRC)Y 18 a cell found m a tumor or Mood cancer that can give
rise to the ceils that make op the bulk of the cancer. The C5C can also be selfrenswing,
sirnilar to a normal (non-cancor) stem cell. T5Cs can thus mediate rmotastasis by migrating io
a nob-taraor tissus 1n ag mdividual and stariing a “new” tumor, C8Cs make up a very spal]

percentage of any miven cancer, depending on the stage that the cancer 1 detected. For
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example, the average frequency of US{s in a sample of AML cells 1 bebevad to be about
110,604, Hematopotetic £8Cs can be identified as {1334+, sinular fo nommal hemaiopoictic

gtem cells (HSCs).

WEBIG7]  Conservatively modified varianis” gppliss 10 both amins acid and nucleic acd
sequenees. With respect to particuiar nucleic acid sequences, conservatively modified
variants refers to those nuclee acids which encode wentical ammo acid sequences. Because
of the degeneracy of the genelic code, a large number of functionally identical nucleic acida
encods most proteins. For instance, the codons GUA, GCT, GUG and GUU all encode the
amino acid alamune. Thus, at every position where an alanine s specified by a codon, the
codon can be altered 1o another of the corresponding codons described without slicring the
encaded polvpeptide. Such nucleie acid variations are “sifent variations,” which are one
specics of conservatively modified variations. Every nucleic actd sequence herein which
encndes a polvpeptide also describes silent vanations of the nucieis acid. One of skl will
recogmze that m cortain confoxis cach codon n a nuclete acid {oxcept AUG, whaich 1s
ordinarity the only codon for methioning, and TOG, which s ordinanly the only codon for
trvptophany can be modified to yield a functionally wontical molecule. Accordingly, siient
varigtions of a nucleie acid which encodes a polypeptide are voplicit m a desenbed sequence

with respect to the expression product, but not with respect to actual probe seguences.

0661681 The torm “recombinant” when used with reference, e.g., 1o a coll, or nucleic acid,
protein, or vector, indicaics that the coll, nucleic acid, protein or vector, has been modified by
the introdection of a heterologous nucleic acid or protein or the alicration of a native nucleig
acul or protetn, or that the cell is denved from a cell so moditied. Thus, for example,
recombinant oclls expross genes that are not found within the native (non-recombinant} form
of the cell or express nabve genes that are otherwise abnormally expressed, under exprossed
or ot exprossed at abl

67

(6601891 The torm “hefervlogous.” with reference 1o a polynucleoude or polypeptide,
imdicates that the polvnuciestide or polypeptide comprises two or more subsequences that are
not found in the same relationship to cach other 1o natuore. For instance, a heterologous
pobvoucleatide or poivpeptide ts typically weombinantly produced, baving two or morw
seguences from unrelated genes arranged to make a new fimetiopal unit, e.g.. a promoter
from ong source and a coding region from ancther source. Simidardy, a heterclogous protein
mdicates that the protein comprises two or more subsequences that are not found in the same

relationship to cach other in natare {e.g., a fusion protein}.

Y
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[GO0E10] A "ol reactive reagent 13 a reagent having a moiety that reacts with a thiol to
form a covalent bond. Thisl reactive reagents can have a group selected from balude,
maleimide and sulfonvl, Non-limiting examples include biotin-PEG-palctmide ({(+)-biotinvi-
S-malemmidopropionamidyl-3, 6-dioxacctamedianine, Oda ef of (2001} Narure Bivtechnalogy
19:379-382, Prerce Bictechnology, Inc. s Biotin-BMUC, PEG-Todoacety! Biotn, lodoacatyi-
LC-Biotin, and Bioctin-HPDP {(Pierce Bictechnology, Inc.}, and No-{3-
malcimidvipropionyibiocyim {MPB, Molecular Probes, Eugene, ORY. Other commercial
soprees for otinviabon, bifonctional and multifunctional hinker reagents include Molecolar

Probes, Eugone, Ureg

=3

and Sigma, 5t Louis, Mo,

i Polvnudentides Encoding Cysicine Substituted bmunoglebulins {e.g.,

CYSMAR)

[660111] Also provided are polynucleotides {e.g., DNA) encoding the cysteine substituted
immunoglobuling described herein, or constant domains thereof having the cysteine
substitution. Polvnucleotides encoding cysteine substituted immunoglobulins can be
prepared by sife-directed mutagenesis on polynucleotides encoding immunoglobulin
polypeptides. Kits for performing site directed mustagenesis are commercially available from
a variety of sources. These mclude, for example, Phusion available from Life Technologies,
QuikChange, available from Agilent Technologies, and Q3, available from New England
Biolabs. In general, site directed mutagenesis mvolves primer extension of a target
mmunoglobalin-encoding polynucleotide using a primer that includes a mutant inserting a

cys codon at the desired site.

[360112] Also provided are expression cassettes comprising a promoter operably linked to a
polymicleotide encoding the cysteine substituted immunoglobulins described herein, ora
constant domains thercof having the cysteine substitution. In some embodiments, the
promoter is heterologous, 1.¢., not found in nature operably-linked to the coding sequence. In
some embodiments, vectors {inchuding but not limited to expression vectors or shattle
vectors) comprising a polynucleotide encoding the cysteine substituted immuncglobuling
described herem, or a constant domains thereof having the cysieine substitution. Also
provided are cells comprising, and optionally expressing, a polynucleotide encoding the
cysteine substituted tmmunoglobuling described herein, or 3 constant domains thereof having

the cysteine substitution. Exemplary cclls mclude prokarvotic cells, including but not limited
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to I coli, and eukaryotic cells, including but not imited to mammalian (¢.g., human,

hamster, rat, mouse, ¢ic.), fungal {c.g., veast), or plant cells.

ii}. Method of Making Antibodies

[G00113]  For proparation of the prosently desentbed immmunoglobulins, ¢.g., recombinant,
monoctonal, or polyvclonal antibodies, many techmgues known i the art can be used {see,
., Koblar & Milstein, Novure 256:495-497 {1975}, Kozbor et al | Immunciogy Today 4. 72

{ E,'L)X.’S); Cole gt al., pp. 77-96 in Monoclonal Antibodies and Cancer Therapy, Alan R Liss,
Inc. {19835}, Coligan, Curvend Profocols in Tmmmnciory (199 1) Harlow & Lane, dnfibodies,
A Laboratory Manncd {1988, and Goding, Moenoclonad Antibodies: Principles and Practice
{2d od. 1986}, The genes eocading the heavy and hight chains of an antibody of interest can
be cloned from a ool o.g.. the gones encoding a monocional antibody can be cloved frm a
hybridoma and used o produce a recombmnant monoclonal antibody. Gene Ubranes encoding
beavy and bght chains of monoclonal antibodics can aiso be made from hybridoma or plasma
celis. Randors combinations of the beavy and light chain gene products gencrate a farge pool
of antibodies with &ifforent antigenic specificity {see, ¢.g., Kuby, Immunclogi 3% ed, 19973,
Technigoes for the prodaction of single chain anitbodies or recombinant antibodics (1.5, Pat.
N 4,946 778, UK. Pai. Mo, 4,816,367} can be adapted 1o produce antibodics o polypeptides
of this disclosure. Also, transgenic nuce, or other organdsms such as other maromals, can be
used 10 expross humanized or human sntibodies (see, c.g.. U5 Pat MNos. 5,345 807,
5,345,806, 5,369,825, 5,625,126, 5,633,425, 5,661,016, Masks et al., Bio/Technologvi:779-
83 {1992y, Lonberg ot al | Narfure 3058:856-859 {1994, Morrison, Narure 368:812-13
{1994y, Fishwild et al., Noture Biorechnology 14:845-51 (1996} Meuberger, Nanwre
Bictechnelogy 14826 (1996}, and Lonberg & Huszar, fntern. Rev. Immunol. 13:65-93
(19951 Alteroatively, phage display techoology can be used to identify antibodies and
heteromenc Fab fragmc:nts that specifically bind o selocted antigens {see, ¢ g, MeCaffory ot
ab., Nature 348:552-5334 (1990, Marks ot 8l |, Biotechnology 10:779-783 (1992Y), Anibodies
can also be made bispecific, 1.2, able to recognize two different antigens {see, ¢.g., WO

O3/08829, Traunccker et al | AMRO . 1{(13655-36539 {1991} and Suresh ot 3, Methods
Encymology V21210 (1986} Antibodies can also be heteroconjugaies, ¢.g.. two covalontly
joined antibodies, or inpnunotoxing {see, e.g., U5 Pat. No. 4,676 980, WO 91/00368;, WO
92/200373; and EP (3089},
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[B60114] Antibodies can be produced usimg any number of expression aystems, including
prokaryotic and eokaryofic expression sysiems. In some embodimonts, the expression systent
is a mammalian ccll expression, such as a hvbnidoma, or a3 CHO coli expression systom.
Many such systems are widely available from commercial supphiers. In embodiments
which an antibody comprises both a Vyand Vi region, the Vg and Vi regions may be
expressed using a stugle vector, e.g.. it a di-Cistrorge exgression unit, oF under the contro] of
different promecters. In other erabodimaents, the Vipand Vi region mayv be expressed usmg
separate vectors. A Vyor Yy region as descenibed heretn may optionally comprise ¢

methionine at the N-termings.

[B080118]  An anttbody of the disclosure can also be produced 1 vanous formats, including
as a Fab, aFab’ a Flab"),, aschy, or a dAb. The antibody fragments can be obtaned by a
varicty of methods, includiog, digestion of an miact antibody with an cnzyme, such as pepsin
{to gonerate {Fab"y: fragments) or papain (o gensgrate Fab fragments), or do nova svothesis.
Antibody fragments can also be synthesized using recombimant DNA methodology, I some
cmbodiments, the CLL-1 antibody comywises F{ab'y, fragments that specifically bind CLL-1
An antibody of the disclosure can also melude a human constant region. bee, c.g.,
Fundamental Immunology (Paul ed, 4d ed. 1999y, Burd, et al, Science 242:423 {1988}, and

Huston, et al, Proc. Narl Acad. 5oi. USA 853879 {1988}

0661161 Methods for humandzing non-huran antibodies (1.o., using CDRs from non-
huwran antibodies) are aleo known in the art. Generably | 3 bumanized antibody has one or
more aming actd residacs from a source which is non-human, These nos-luman amine acid
residues are offen referred o as import residues. which are tvpically taken frorn an mopont
variable domaim. Humanization can be essentially performed following the method of Winder
and co-workers (see, .., Jones et al., Nature 321.522.525 (1986}, Raechmann et al., Nofure
332:3Z3-327 {1988}, Verhooven et al | Seience 239:1534-1536 {1988} and Presta, Curr. Op.
Struct. Biod 2:593-5396 (19923), by substituting rodent CORs or DR sequences for the
corresponding seqguences of a luman antibody. Such humanized antibodies are chimeric
anttbodizg (1.5, Pat. No. 4,316,567, wherein substantially {oss than an mfact human variable
domain has been substituted by the corresponding sequence from a non-buman species. In
praclics, humanized antibodics are typically lwman anttbodics m which some TR residues
and possibly some FR residues are substitutoed by residues from analogous sites in rodent

aniibodies.

~3(}~



(]

10

20

WO 2017/011803 PCT/US2016/042645

[BG1ET]  In some cases, the antibody or antibody fragment can be conjugated to another
molecule, ¢.g, polyethvlene glveol (PEGviation) or serwwe albunun, to provide an extendad
half-life ur vive. Examples of PEGviation of antibody fragments are provided m Koight ot al.
Flarelers 15408, 2004 {for aboramab); Pedley et al | Br. J Cancer 70:1126, 1994 (for an
anti-CEA antibodyy, Chapman ot al ) Nowre Biofech 17780, 1999, and Humphrovs, et al,
FProtewn fng Des 200 227 2007y, The antibody or antibody fragment can also be labeled, or

conjugated 1o a therapentic agont as doscribed below.

IV.  Preparation of Cysteine Substituted Immunoglobulin {e.g., CYSMAB) Drug

Conjugates

[000118] Antibody-Dinug Conjugaies prepared from the oysteine substituted
immunoglobulins (CYSMABs) of the disclosure may be prepared by several routes,
employing organic chemistry reactions, conditions, and reagents known to those skilled m the
art, including: (1) reaction of a ¢ysteing group of a cysicine engineered antibody with a linker
reagent, to form antibody-linker tntermediate Ab-1, via a covalent bond, followed by reaction
with an activated drug moiety D; and (2) reaction of a nucleophilic group of a drug moiety
with a linker reagent, to form drug-linker mtermediate D-L, via a covalent bond, followed by
reaction with a cysteine group of a cysteine engincered antibody {CYSMAB). Conjugation
methods (1) and {2) may be emploved with a variety of cysteine engineered antibodies

(CYSMABs), drug moieties, and linkers to prepare the antibody-drug conjugates (ADCs).

[G00119] Antibody cysteine thiol groups are nucleophilic and capable of reacting to form
covalent bonds with clectrophilic groups on hinker reagents and drug-linker intermediates
including: {1} active esters such as NHS esters, HOBt esters, haloformates, and acid halides;
(it} atkyl and benzy! halides, such as haloacetamides; (111} aldehydes, ketones, carboxyl, and
maleimide groups; and (iv) disulfides, ncluding pyndyl disulfides, via sulfide exchange.
MNucleophilic groups on a drug moiety include, but are not limited to: amine, thiol, hvdroxyl,
hydramide, oxime, hvdrazime, thiosemicarbazone, hvdrazine carboxylate, and arvihydrazide
groups capable of reacting to form covalent bonds with electrophilic groups on hinker

moieties and hinker reagents.

160128 Cysteine enginecred antibodies may be made reactive for conjugation with linker
reagents by treatment with a reducing agent such as DTT (Cleland's reagent, dithiothrettol} or

TCEP (tris(2-carboxyethyDphosphme hyvdrochlonde; Getz et al (1999) Anal. Biochem. Vol
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273:.73-80; Soltec Ventures, Beverly, Magss ), followed by reoxidation, ¢.g., with DHAA {0

reform inter-chain and intra-chain disulfide bonds (Example 2).
A, Linkers

10661211 “Linker”, “Linker Unit”, or “link™ means a chemical mowety comprising a
5 covalent bond or a cham of atoms that covalently attaches an antibody o 3 drig moiety. In

various embodiments, a haker e specified as L. A “Linker” {13 is g bifunctional or
mwuitifunciional motety which can be used to link one or roore Drug moictics (D) and an
antibody wut {ADb) to form anubody-drug conjugates {ADCs). Antthody-drug conpugatos
{ADCs) can be convemently prepared using 2 Linker having reactive funchionality for

10 hinding o the Drug and to the Antibody. A cvsiens thiol of a cysteine enginsercd antibody
{{UY SMARB) can form a bond with an clectrophilic functional group of & Iinker reagent, a doug

moicty or dmg-hinker istemmediate.

[680122] in ong aspect, & Linker has a reactive site, which has an electrophilic group that is

reactive 1o a nucleophilic cvsteine present on an antibody. The cvsteine thiol of the antibody
15 1sreactive with an electrophilic group on a Linker and forms a covalent bond to a Linker.

Useful electrophilic groups include, but are not limited to, maletmide and haloacctamide

groups.

[660123] Linkers include a divalent radical such as an alkyldivl, an arviene, a heteroaryiene,
moigties such as: —{(CRy (LR, ), repeating units of alkyloxy (¢.g. polvethylenoxy, PEG,

20 polymethyvlencoxy) and alkvliamine (e.g. polvethyieneamino, Jetfamine™); and diacid ester
and amides including succinate, succinamide, diglveolate, malonate, and caproamide.
1060124] Cysteine enginecred antibodies {CYSMABs) react with linker reagents or drug-
linker intermediates, with clectrophilic functional groups such as maleimide or a-halo

carbonyl, according to the conjugation method at page 766 of Klussman, et al (2004),

o
[

Bioconjugate Chemistry 15(4).765-773.

[380125] The linker may be composed of one or more linker components. Exemplary inker
components inclode 6-maleimidocaproyt (“"MO™), maleimidopropanoy] (“MP7), valine-
citrulline (Fval-cit” or “vc”), alanine-phenyialanine {“ala-phe” or “af™}, p-
aminobenzyloxycarbonyl ("PAB”), N-succimmidyl 4-(2-pyridylthio) pentanoate ("SPP”7), N-
30 sucommidyl 4~-(N-malemmidomethvl} cyclohexane-1 carboxylate ("SMCC”), N-Succinimidyl

{4-10do-acetyl} ammobenzoate (“"SIAB7), ethyvleneoxy —CH2CH20-— as one or more
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repeating units (“EQ” or “PEQ”). Additional linker components are known in the art and

some are described herein.

[B80126] In another embodiment, a Linker has a reactive functional group, which has a
nucleophilic group that is reactive to an electrophilic groap present on an antibody. Useful
clectrophilic groups on an antibody include, but are not limited to, aldehyde and ketone
carbonvi groups. The heteroatom of a nucleophilic group of a Linker can react with an
clectrophilic group on an antibody and form a covalent bond to an antibody unit. Useful
nucleophilic groups on a Linker include, but are not imited to, hydrazide, oxime, amino,
hydrazine, thiosemicarbazone, hydrazine carboxylate, and arvihvdrazide. The clectrophilic

group on an antibody provides a convenient site for aitachment to a Linker.

1068127] Typically, peptide-type Linkers can be prepared by forming a peptide bond
hetween two or more anuno acids and/or peptide fragments. Such peptide bonds can be
prepared, for example, according to the liquid phase synthesis method (E. Schroder and K.
Litbke (1965) “The Peptides™, volume 1, pp 76-136, Academic Press), which is well known
in the field of peptide chemistry. Linker intermediates may be assembled with any
combination or sequence of reactions including spacer, stretcher, and amino acid units. The
spacer, stretcher, and aming acid units may employ reactive functional groups which are
clectrophilic, nucleophilic, or free radical i nature. Reactive functional groups include, but
are not limited to carboxvls, hydroxyls, para-nitrophenylcarbonate, isothiocyanate, and

leaving groups, such as Q-mesyl, O-tosyl, 1, —Br, —F or maleinide.

[G00128] In another embodiment, the Linker mav be substituted with groups, which
modulated solubility or reactivity. For example, a charged substituent such as sulfonate (—
SO3 ~} or anwnonium, may merease water solubility of the reagent and facilitate the coupling
reaction of the linker reagent with the antibody or the drug moiety, or facilitate the coupling
reaction of Ab-L (antibody-linker intermediate) with D, or D-L (drug-linker intermediate)

with Ab, depending on the synthetic route employed to prepare the ADC,

[680129] An cxemplary phe-lys{Mtr, mono-4-methoxytrityl}dipeptide linker reagent
comprising a maleimide moiety and a PAB sclf-immolative moiety can be prepared
according to Pubowchik, et al. (1997} Tetrabedron Letiors, 38525760,

B. Linker Reagents
[060136] Conjugates of the antibody and avristatin may be made using a variety of

bifunctional linker reagents such as N-succinimidyl-3-(Z-pyridyidithiojpropionate {(SPDP),
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succimmidyl-4-(N-maleimidomethyleyclohexane- I-carboxyvlate (SMCC), iminothiolane
(I}, bifunctional derivatives of imidoesters (such as dimethy! adipimidate HCD, active esters
(such as disuccinimidyl suberate), aldechydes (such as glutaraldehvde), bis-azido compounds
{such as bis{p-azidobenzoyhexanediamine}, bis-diazonium derivatives (such as bis-(p-
diazomumbenzovli-ethvlenediamine), dusocyanates (such as toluene 2 6-diisccyanate), and

hig-active fluorine compounds (such as 1,5-difluoro-2 4-dinitrobenzene}.

[060131] Linker reagents useful for the antibody drug conjugates {ADCs) of the disclosure
nchude, but are not imited to: BMPEO, BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS,
MPBH, SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS,
sulfo-MBS, sulto-SIAB, sulfo-SMCC, and sulfo-SMPB, and SVSB (succinimidyi-{4-
vinylsulfonelbenzoate), and including bis-maleimide reagents: DTME, BMB, BMDB, BMH,
BMOE, 1 8-bis-malcimidodiethyleneglyveol (BM{(PEQ)2), and 1,11-bis-
maleimidotricthyleneglyeol (BM{PEQ)3), which are commercially available from Picrce
Biotechnology, Inc., ThermoScientific, Rockford, 11, and other reagent suppliers. Bis-
malemmide reagents allow the attachment of a free thiol group of a cysteine residue of an
antibody to a thiol-containing drug moicty, label, or hinker intermediate, in a sequential or
concurrent tashion. Other functional groups besides malewmide, which are reactive with a
thiol group of an antibody, nemornubicin metabolite and analog drug motety, or linker
intermediate include iodoacetamide, bromoacetamide, vinyl pyadine, disulfide, pyndyl

disulfide, isocvanate, and isothiocyanate.

V. Methods of Use

[B80132] Cysteine substituted immunogiobuling of this disclosure are useful, among other
things, in the preparation cysteine substituted immunoglobulin conjugates, including

molecules conjugated to detectable moicties or drugs, such as cytotoxic agents.

A, Treatment of disease

[B00133] Cysteine substituted immunoglobulin drag conjugates (¢.g., CYSMAB ADCs) arc
useful in the treatment of any disease treatable by targeting a cell to which such a conjugate
binds. This includes any form of cancer.

[060134] Cysteine substituted tmmunoglobulin drug conjugates may be used to treat various
diseases or disorders, ¢.g. characterized by the overexpression of a tumor antigen. Exemplary
conditions or hyperproliferative disorders inclade benign or malignant tumors; leukemia and

bymaphoid malignancies. Others include neoronal, ghial, astrocytal, hypothalamic, glandular,
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macrophagal, epithelial, stromal, blastocochic, inflammatory, angiogenic and mmmunologic,

including autcimmune, disorders.

[B80135] Cysteine substituted immunogiobulin drug conjugates can be further tested in
tamor-bearing higher primates and human chnical trials. Human chnical trials can be
designed similar to the clinical tnals testing the cfficacy of the anti-HERZ monoclonal
antibody HERCEPTIN® in patients with HER? overexpressing metastatic breast cancers that
had received extensive prior anti-cancer therapy as reported by Baselga et al. (1996) 1. Chin,
Oncol. 14:737-744. The chinical trial may be designed o evaluate the efficacy of an ADC in
combinations with known therapeutic regimens, such as radiation and/or chemotherapy

wnvolving known chemotherapeutic and/or cviotoxic agents.

1068136] Generally, the disease or disorder to be treated s a hyperprohiferative disease such
as cancer. Examples of cancer to be treated herein include, but are not imited to, carcinoma,
tymphoma, blastoma, sarcoma, and leukemia or lyvmphoid malignancies. More particular
examples of such cancers include squamous cell cancer (¢.g. epithelial squamous cell cancer),
tung cancer including smali-cell lung cancer, non-small cell fung cancer, adenocarcinoma of
the lung and squamous carcinoma of the lung, cancer of the peritoneum, hepatocellular
cancer, gastric or stomach cancer mcluding gastromtestinal cancer, pancreatic canger,
glioblastoma, cervical cancer, ovarian cancer, hiver cancer, bladder cancer, hepatoma, breast
cancer, colon cancer, rectal cancer, colorectal cancer, endometrial or uterine carcinoma,
salivary gland carcinoma, kidney or renal cancer, prostate cancer, vulval cancer, thyvroid
cancer, hepatic carcinoma, anal carcinoma, penile carcinoma, as well as head and neck

cancer.

[360137] The cancer may compnise HER2-expressing cells, such that the ADC of the
present invention are able to bind o the cancer celis. To determine ExbB2 expression in the
cancer, various diagnostic/prognostic assays are available. fn one embodiment, ErbB2
overexpression may be analvzed by IHC, ¢.g. using the HERCEPTEST (Dako}. Paraffin
embedded tissue sections from a tumor biopsy may be subjected to the THC assay and
accorded a ErbB2 protein staining intensity critena as follows: Score 0, no staining is
obscrved or membrane staining is observed in less than 10% of tumor cells; Score I+, a
faint/barely perceptible membrane staining is detected in more than 10% of the tumor cells,
the cells are only stained in part of their membrane; Score 2+, a weak to moderate complete
membrane staining is observed in more than 10% of the tumor cclis; Score 3+, a moderate to

strong complete membrane staining 1s observed m more than 10% of the tumor cells. Those
L)
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tumors with O or 1+ scores for ErbB2 overexpression assessment may be characterized as not
overexpressing ErbB2, whereas those tamors with 2+ or 3+ scores may be characterized as

overcxpressing ErbB2.

[360138] Alternatively, or additionally, FISH assays such as the INFORM™ (Ventana Co,
Ariz )} or PATHVISION™ (Vysis, H.) mayv be carned out on formalin-fixed, paraffin-

embedded tumor tissue {o determine the extent (if any) of ErbB2 overexpression m the tumor.

[680139] Autormmune discases for which the ADC compounds may be used in treatment
include rheumatologic disorders (such as, for example, theumatoid arthritis, Sjégren's
syndrome, scleroderma, fupus such as SLE and lupus nephnitis,
polymyositis/dermatomyositis, cryoglobulinemia, anti-phospholipid antibody syndrome, and
psoriatic arthritis), osteoarthritis, autcimmune gastrointestinal and biver disorders {such as, for
example, inflammatory bowel diseases (¢.g., ulcerative colitis and Crohn's discase),
autoimmane gastritis and pernicious anemia, autoinmune hepatitis, primary biliary cirrhosis,
primary sclerosing cholangitis, and celiac discase). vasculitis (such ag, for example, ANCA-
associated vasculitis, including Churg-Strauss vasculitis, Wegener's granulomatosis, and
polyarteriitis), autoimmune newrological disorders (such as, for example, multiple sclerosis,
opsoclonus myoclonus syndrome, myasthenia gravis, neuromyelitis optica, Parkinson's
disease, Alzheimer's disease, and autoimmune polyaeuropathies), renal disorders {such as, for
exaraple, glomerulonephritis, Goodpasture's syndrome, and Berger's disease), autoimimune
dermatoclogic disorders (such as, for example, psoriasis, urticana, hives, pemphigus vulgaris,
bullous pemphigoid, and cutancous lupus erythematosus), hematologic disorders {such as, for
cxample, thrombocytopenic purpura, thrombotic thrombocytopenic purpura, post-transfusion
purpura, and autoimmune hemolytic anenna), atherosclerosis, uvettis, autoimmune hearing
diseases (such as, for example, inner ear disease and hearing loss), Beheet's disease,
Raynaud's syndrome, organ transplant, and autoimmune endocrine disorders (such as, for
exaraple, diabetic-related autoimmune diseases such as insulin-dependent diabetes mellitus
(IDDM), Addison's disease, and autoimmune thyroid disease {¢.g., Graves' discase and
thyroiditis}). More preferred such discases include, for example, rheumatoid arthritis,
aleerative colitis, ANCA-associated vascualitis, lupus, multiple sclerosis, Sjogren's syndrome,

IDDM, permicious anemia, thyroiditis, and glomerulonephritis.

1060148] The presently described cystene substituted immuonoglobulin conjugates can also
be used to detect and treat CLL-1 associated disorders, 1.¢., discases correlated with clevated

or reduced cell surface expression of CLL-~1 as compared to CLL-~1 expression in a standard
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control (e.g., a normal, non-disease, non-cancer cell). CLL-1 expression is normally himited
to myeloid hincage cells, ¢.g., dendritic cells, granulocytes, and monocytes 1o the peripheral
blood and spleen. Elevated CLL-1 levels are associated with cancer, in particular, in
hematopoietic CSCs {¢.g., LSCs), and i myeloproliferative disorders, meluding leukemias
such as AML (acute myelogenous or myeloproliferative lsukemia), MDS (myelodysplastic
syndrome}, myelofibrosis, CMML {chronic myelomonocyiic leukemia), multiple myeloma,
plasmacytoma, and CML (chronic myelogenous or myeloproliferative loukenuia). See Bakker
ct al. (2004 Cancer Res. 64:8443; Van Rhenen et al. (200673 Blood 110:2639-66; Zhao ot al.
(2010} Haematologica (2010} 95:71; Van Rbenen et al. {2007) Leukemia 21:1700; and
Herrmann et al. {2012)Haematologica 97:219.

1600141] AML colls can be characterized and distinguished from other cells by detecting
cell surface marker expression. Aside from being CLL-1+, AML cells can be CD33+ (though
some are CD33—), CD45+, and CHw52+ AML blasts (including L.5Cs) are typically
CD34+CD38~. H5Cs and LSCs can be characterized by expression of CD34, but the former
do not express CLL-1. MDS cells can be charactenzed by expression of CDS, CD7 (D13,
and CP34. CML cclls can be characterized by expression of 7-ADD, CD33, CD34, and
CD38.

1060142] Myelodysplastic Syndromes (MDS) include a group of closely-related blood
formation disorders, in which the bone marrow shows qualitative and quantitative changes
suggestive of a preleskemie process, but having a chronic course that does not necessarnily
terninate as acute leukemia. A variety of tooms, including preleukenua, refractory angmia,
refractory dysmyelopoietic anemia, smoldering or subacute leukemia, dysmyelopotetic
syndrome (DMPS), and myelodysplasia, have all been used to describe MBS, These
conditions are all characterized by a cellular marrow with impaired mataration
{dvsmyelopoicsis) and a reduction in the number of blood cells. BDMPS is characterized by
presence of megablastoids, megarkaryocyie dysplasia, and an increase in number of abnormal
blast cells, reflective of enhanced granulocyte maturation process. Patients with DMPS show
chromosomal abnormalities similar to those found 10 acute myeloid leukemia and progress to
acute myeloid leukemia in a certain fraction of afflicted paticnts.

1660143] Chronic myeloproliferative disorders are a collection of conditions characterized
by increased mumber of mature and immature grancloovtes, ervthrocyies, and platelets.
Chronic myeloproliferative disorders can transition to other forms within this group, with a

tendency to terminate in acute myeloid leukemia. Specific diseases within this group include
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polveythemia vera, chronic myeloid leukemia, agnogenic myeloid leukemia, gssential

thrombocythemia, and chronic neutrophilic levkemia.

[300144] Myelofibrosis 1s characterized by scarnng of the bone marrow that results m
reduced number of red and white blood cells, and platelets. Myelofibrotic scarring can result

from leckemia, but can have other causes, such as thrombooviosis or adverse drug effects.
B. CBC, ADBUC, and ADC Assays

[B00145] 'The offectiveness of the cvsicine substituted imvounoglobulin drug conpugates
{e.g., CYSMAR ADCs) of the disclosure can be evaluated m by comploment depondent
evtofoweity (ODCS, Antibody dependent cell-mediated ovtotoxacity {(ADCC) assays of cells
that express a target antigen, such as CLL-1. Exemplary cells that express CLL-1 include cell
lines that express heterologous, recombinant CLL-1 (e.g., human CLL-1); buman AML cell
hines such as HL6O, THPI, TF1-alpha, U937, and OCI AML-5 (the first four of which are
available from ATCC): pnmary cells from one or more AML patients {c.g., PBMC or
engratied tumor cells); human CML cell lines such as K562 and KUR12 (available from

ATCC); and primary cells from one or more CML or MDS patients.

1060146] An antibody is described as having CDC activity and mediating CDC f it resulis
in complement dependent killing of cells that express the antibody target. CDC assays arc
known in the art, and are described, ¢.g2., in Gazzano-Santoro et al. (1997} J. Immunol.
Methods 202:163; idusogie et al. (Z000) J. Immunol. 164:4178; and in Example 6 below.
CDC ks and services are commercially available, ¢.g. from GeneScript® and Cell

Technology Inc.

1060147] o brief, the assay is typically carried out in vitro, and includes antibody binding to
a cell expressing the antibody target on 1is surface. Complement components, including
C1g,22 which binds 1o the Ch region of the antibody, are added. The complement
components then interact to kill the targeted cell. UDC is measured after a period of
incubation of generally between 4 and 24 bours, for example, by determining the release of
wntracellular enzyme or granules known to be present in the targeted ccll, by comparing the
starting and ending target cell population, ctc.

[660148] An antibody is described as having ADCC activity and mediating ADCC if it
results in killing of antibody-bound cells (e.g., CLL-1 expressing cells) by effector cells.
Effector cells are typically natural killer cells, but can also be macrophages, neutrophils, or

cosinophils.
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1600149] Genetically engineered effector cell hines have also been developed for use in
ADCL assays (see, e.g.. Schoueriger et al. (2011) Mol Immuncl. 48:1512y. ADCC assays are
known in the art, and are described, ¢.g., in Perussia and Loza (2000)Methods in Mol. Biol.
121:179; Bretaudeau and Bonnaudet (2011) BMC Proceedings S(Suppl 8):P63; ADCC kits
and services are commercially available, ¢.g. from GeneSeript® and Promega®, and in the

Example below.

[600150] In brief the assay s typically carried out in vitro, and includes antibody binding to
a cell expressing the antibody target on #ts surface. Effoctor cells are added that recognize
antibody-bound cells, typicallv through an Fo receptor such as CD 16, The effector cells kill
the antibody-bound cell, ¢ g., by releasing cviotoxins that cause apoptosis. Cell death 1s

detected by release of a detectable element within the target cells (e.g., Cr531) or by detection

P

of an element involved in the cell mediated toxicity (¢.g., activation of NFAT signaling in

cffector cellg).

[B88151] An antibody is described as having antibody-drug conjugate (ADC) activity (or
mediating ADC) if the antibody, when conjugated with a cyiotoxic agent (drug), resulis in
kalling (inhibiting survival) a cell that expresses the target of the antibody, n this case, CLL-
1. Appropriate cytotoxic agents are known in the art, ¢ g., saporin, doxorubicin, davnomycin,
vinca-alkaloids, taxoids, tubulin agents (e.g., Maytansin, aunstatin}, and DNA agents {e.3,
calichcamicin, duocarmycin, pyrrolobenzodiazepine dimers), etc. ADC assays are known in

the art, e.g., as descnibed in Gerber ez af. {2009) 3:247, and n the Examples below.
. Diagnostic AppHeations

68152 The cysipims substituted immunoglobobn conpugates can thos be ysed for i vitre
and in vivo diagnostic assays to detect cancer celfs. This includes antibodies specific to CLL-
1 deseribed horein spectficatly bind CLL-}-expressing colls ("CLL-1 antibody™ — for this
section only) for detection of CLL-1-expressing cells {¢.g., AME cells and AML C5Cs} For
example, a sample {g.g., blood sample or tissue biopsy) can be obtaimed from a palient and
contacted with a CLL~1 antibody, and the prosence of 2 CLL-T-expwessing cell in the paticnt
sample can be determined by detecting antibody binding, Antibody binding can be detocied
directly {o.g., whers the antibody tseifts Iabeled) or by wing a second detection agent, such
as a seoondary antibody. The detectable label can be associated with an antibody of the

disclosure. cither directly, or indirectly, ¢.g.. via a chelator or inker.
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[B63133]  In some embodimenis, the CLL-1 antibody i contacted with a biological sample
from an individual having or suspectod of having a CLL-1 associated disorder. and antibody
binding to a cell in the sample is determined, wheremn higher or lower than noomal antibody

binding indicates that the individual has a CLL-1 assomated disorder. In some embodiments,

(]

the biological sample 19 a blood sample or blood fraction {s.g., senm, plasma, platelets, red
flood colis, white Mood cells, PBMCUs). In some embodiments, the biological sample is a
tissue sample (hopsvy, o.g., from a suspected tumor site, or from a tissue that is known to be

affecied, ¢.g., to determine the boundanes of a known temor,

[G00154] Biopsies are fypically performed o obtain saroples from tissues, 1o, non-fluid cell
10 types. The biopsy technique apphiod will depond on the tssue tvpe 10 be ovaluated {c.g.,

breast, shin, colon, prostate, kidney, lung

&

bladder, lymph node, liver, bone marrow, airway
or fung}. Inthe case of a cancer the techuigue will also depend on the size and tyvpe of the
tumor {o.g., solid, suspended, or blood), among other factors. Representative biopsy

techniques include, but are not bimited to, excisional biopsy, incisional biopsy, needle biopsy,

[
(v

surgical biopsy, and bone marrow bicpsy. An “excisional biopsy” refers to the removal of an
entire tumor mass with a small margin of normal tissue surrounding 1. Ao “incisional
biopsy” refers to the removal of a wedge of tissue that mcludes a cross-sectional diameter of
the tumor. A diagnosis or prognosts made by endoscopy or fluoroscopy can require a “core-
needie biopsy” of the tumor mass, or a “fine-needle aspiration biopsy” which generally

20 obtains a suspension of cells from within the tumor mass. Biopsy techniques are discussed,
for example, in Harmson’s Principles of Internal Medicine, Kasper, et al, eds., 16th ed., 2003,

Chapter 70, and throughout Part V.

[B00155]  Anv method of detecting antibody binding to a cell in a sample can be used for the
present diagnostic assays. Methods of detecting antibody binding are well known in the art,

25 e.g. flow cyvtometry, fluorescent microscopy, ELISAs, etc. In some embodiments, the
method comprises preparing the biclogical saraple for detection prior to the determining step.
For example, a subpopulation of cells (e.g., white blood cells, CD34+ cells, CD45+ cells,
ctc.} can be separated from the rest of the sample from the individual {¢.g., other blood
components) or cells i a tissue can be suspended for easier detection.

30 [#08156] In some embodiments, the percentage of CLL-1-expressing cells in the sample i
determined and compared to a control, e.g., a sample from an individual or group of
individuals that are known to have a CLL-~1 associated disorder {positive control} or from an

individual or group of individuals that are known not to have a CLL~1 associated disorder
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(normal, healthy, non-discase, or negative control). In some embodiments, the control s a
standard range of CLL-1 cxpression cstablished for a given tissue. A higher or lower than
nommal percentage of CLL-1 expressing cells, or higher or lower expression level, indicates

that the individual bas a CLL-~1 associated disorder.

1068157] o some embodiments, a labeled CLL-1 antibody can be provided {administered)
to an mdividual to determine the applicability of an intended therapy. For example, a labeled
antibody may be used to detect CLL-1 density within a discased area, where the density is
typically hugh relative to non-diseased tissue. A labeled antibody can also indicate that the
discased arca is accessible for therapy. Patients can thus be selected for therapy based on
wmaging results. Anatomical charactenization, such as determuning the precise boundaries of a
cancer, can be accomplished using standard tmaging technigues {c.g., CT scanning, MRI,

PET scanning, etc.}.

[B64138] In some embodiments, labeled CLE-1 antibodies as described herein can be
further associated with a therapeutic compound, ¢.g., to form a “therancstic” composition.
For example, an CLL-1 antibody can be linked (directly or indirectly) to both a detectable
label and a therapeutic agent, ¢.g., a cviotoxic agent to kil CLL-1-expressing cancer cells. In
some embodiments, a labeled CLE-1 antibody 1s used for diagnosis and/or localization of a
CLL-1 expressing cancer cell, and the CLL-1 expressing cancer cell is then targeted with a
separate therapeutic CLL-1 specific antibody. In some embodiments, the diagnostic CLL-1
specific antibody is one that 1s not internalized into CLL-1-ecxpressing cells at a high rate or
percentage. In some embodiments, the therapeutic CLL-1 antibedy is internalized into CLL-

i-expressing cells at a high rate or percentage.
1. Labels

1600139] A diagnostic agent comprising an antibody capable of binding a target of intercst
can include any diagnostic agent known in the art, as provided, for example, in the following
references: Amstrong et al., Diagnostic Imaging, Sth Ed., Blackwell Publishing (2004},
Torchilin, V. P.. Ed., Targeted Delivery of Imaging Agents, CRC Press (1995};
Valiabhajosula, 8., Molecular Imaging: Radiopharmaceuticals tor PET and SPECT, Springer
(2009}, A diagnostic agent can be detected by a variety of ways, including as an agent
providing and/or enhancing a detectable signal. Detectable signals include, but are not himited
o, gamma-~-emitting, radioactive, echogenic, optical, fluorescent, absorptive, magnetic, or

tomography signals. Technigues for imaging the diagnostic agent can include, but are not
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hinnted to, single photon emission computed tomography (SPECT), magnetic resonance
tmaging {MRI}, optical imaging, positron emission tomography (PET), computed
tomography (C1), x-ray imaging, gamma ray imaging, and the like. The torms “detectable

agent,” “detectable motety,” “label,” “imaging agent,” and hike terms are used svnonyvmously

herein.

[660168] In some embodiments, the label can include optical agents such as fluorescent
agents, phosphorescent agents, chemiluminescent agents, and the like. Namerous agents (..,
dyes, probes, labels, or indicators) are known in the art and can be used in the present
disclosure. {See, ¢.g., Invitrogen, The Handbook—A Guide to Fluorescent Probes and
Labeling Technologies, Tenth Edition (2003)). Fluorescent agents can include a vanety of
organic and/or inorgantc small molecules or a variety of flucrescent proteins and derivatives
thereof For example, fluorescent agents can include but are not limited to cyanines,
phthalocyanines, porphynins, indocyanines, thodamines, phenoxazines, phenylxanthenes,
phenothiazines, phenoselenazines, fluoresceins, benzoporphyrins, squaraines, dipyvrrolo
pyrimidones, tetracenes, quinolines, pyrazings, corans, croconiums, acridones,
phenanthridines, rhodamines, acridines, anthraguinones, chalcogenopyrylium analogues,
chlorins, naphthalocyanines, methine dyes, mdolentum dyes, azo compounds, azulenes,
azaazulenes, triphenyl methane dves, indoles, benzoindeles, indocarbocvanines,
benzoimndocarbocyanines, and BODIPY ™ denvatives. Fluorescent dyes are discussed, for

example. in U.S. Pat. No. 4,452,720, U.S. Pat. No. 5,227,487, and U.S. Pat. No. 5,543,295,

[680161] The label can also be a radioisotope, 2.g.. radionuchides that emit gamma rays,
posttrons, beta and alpha particles, and X-ravs. Suitable radiomuclides melude but are not
himited to 225Ac, 72As, 21 1AL, 118, 128Ba, 21281, 75Br, 77Br, 14C, 109Cd, 2Cu, 64Cu,
67Cu, 18F, 67Ga, 68Ga, 3H, 166Ho, 1231 1241, 1251, 1301 131, 111in, 177La, 13N, 150,
32P 33P, 212Pb, 103Pd,186Re, 188Re, 47Sc, 1535m, 898r, 99mTe, 88Y and 90Y . In some
embodiments, radicactive agents can include 11Hn-DTPA 99mTc(CO)3-DTPA,

S Tc(CO)3-ENPyv2, 62/64/67Cu-TETA, 99mTc(CO)3-IDA, and 99mTe(CO}3-triamines
{cyclic or hinear). In some embodiments, the agents can mchide DOTA and its varous
analogs with 111n, 1770Ly, 1538m, 62/64/67Cy, or67/68Ga. In some embodiments, a
nanoparticle can be labeled by incorporation of lipids attached to chelates, such as DTPA-
lipid, as provided in the following references: Phillips ot al., Wiley Interdisciplinary Reviews:
Nanomedicine and Nanobiotechnology, 1{1}: 69-83 (2008}, Torchilin, V. P. & Weissig, V.,

Eds. Liposomes 2nd Ed.: Oxford Univ. Press (2003); Elbayoumi, T. A, & Torchilin, V. P,
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Eur. J. Nucl. Med. Mol Imaging. 33:1196-1205 (2006); Mougin-Diegraef, M. etal, Int'1 ]

Pharmaceutics 344:110-117 (2007}

[B80162] In some embodiments, the diagnostic agent can be associated with a secondary
binding ligand or {o an enzyme (an enzyme tag) that will generate a colored product upon

5 c¢outact with a chromogenic substrate. Examples of suitable enzymes include urcase, alkaline
phosphatase, (horseradish) hvdrogen peroxidase and glucose oxadase. Secondary binding

ligands mehude, e.g., biotin and avidin or streptavidin compounds as known in the art.

(3831631 In some embodiments, the labeloed antibody can be furnther associated to a
composiiion that improves stability m vive, ¢.g. PEG or a nanopariicle such as 2 liposome, as

10 described in more detml below.
Z. Methods of Labeling

[B8164] Tochoigues for conjugating detectable and therapootic agents &0 anttbodies are
well known {sec, e.g., Amon ¢t al, “Monoclonal Antibodies Far Imowinotargeting OF Drugs
In Cancer Therapy”, 1 Monoclonal Antibodies And Cancer Thorapy, Rewsteld er gl {eds},
15 pp. 243-36 {Alan R. Liss, Inc. 19835}, Hellstrom et al, “Antibodics For Drug Belivery™
Controdled Drug Delivery {Zad Ed ), Robinson et al. {eds ), pp. 623-33 (Marcel Debker, Inc.
1987y, Thorpe, “Artibody Carriors OF Cyviotoxic Agents In Cancer Therapy: A Roview” i
Monoclonal Anthodies "84 Biological And Chmcal Applications, Pmcehera ot al. {eds.}, pp.
475-506 (1983}, and Thorpe ot al., “The Preparation And CUvistoxic Properties OF Andibody-

20 Toxan Compugates”, Immunol. Rev., 62:119-58 (19423

1660165] Typcally, the antibody is attached to detectable moiety in an area that does not
interfere with binding to the epitope. Thus in some cases, the detectable moicty is attached to
the constant region, or outside the CDRs in the variable region. One of skill in the art will

recognize that the detectable moiety can be located clsewhere on the antibody, and the

o
[

position of the detectable moiety can be adjusted accordingly. In some embodiments, the
ability of the antibody to associate with the cpitope is compared before and after attachment
to the detectable moiety to ensure that the attachment does not unduly disrupt binding.
[3:0166] In some embodiments. the andibody can be associated with an additional targeting
moicty. Far exarople, an antibody fragreent, peptide, or aptamer that binds a different site on
30 the target molecule or target cell can be conpugated o the annbody 1o optimize target binding,

£.g., 1o a cancer cell.
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B. Therapentic Applications

[B00167] CLL-1-expressing cells such as AML cells can be targeted using the cysteine
substituted CLL-1 ADC antibodics descnbed herein (“CLL-1 Antibodies™ — for thus section
only}. CLL-1 expression is elevated on AML cells and C5Cs (e.g., AML CS8Cs}. CLL-1 15
not significantly expressed on normal CD34+ hematopoietic stem celis (HSCs), thus C5Cs
can be distingwished from HSCs using the present CLL-1 antibodies. High affinity CLEL-1
antibodies that recognize a CLL-1 epitope common to AML cells, and thus able to
aniversally bind to AML cells, 1s particulardy valuable, as AML has a very high rate of
recurrence. As noted above, a therapeutic composition comprising CLL-1 antibody can
further include a detectable label to form a theranostic composition, e.g., for detection and
localization of CLL-1 expressing cells, and monitoring of therapeutic effect. Sequences of
antibodies that bind CLL-1 are described in USSN 62/259,100, filed November 24, 2015
{(Jiang et al., “Humanized Anti-") and in US 2013/02951 18 published November 7, 2013

(hang et al., “Antibodies Specific For CLL-1), incorporated by reference in their entirety.

[600168] Anubodies that bind tarzets other than CLL-T can also be used 1n the cvsicine-
substituted antibody and antsbody conpugates desoribed herein, In some embodiments, the
anfibody targets can be selected from GPRE4, CLL-1, ILIRAP, TIM-Z, CD19, CD20,
22, RORI, mesothelin, U533, CDIZ3/AL3Ra, o-Met, PSMA prostatic acid phosphatase
{(PAP, CHA, CA~125, Muc~1, AFP, Giveobipid F77, EGFRvIH, G2, NY-ESO-1 TCR,
tyrosinase, TRPVep7S, gp100/pmel-17, Melan-A/MART-1, HerZ/men, WT1, EphAas,
telomerase, HPY BS, HPY E7. EBNAL BAGE, GAGE and MAGE A3 TCRSLITRKS,
ENPPI, Mectin-d, 1327, SLOH AL, CAYX, Copto, T30, MUC L6, GPNMB, BCMA, Trop-
2, Tissue Factor (TF), CanAg, EGFR, ov-integrin, U537, Folate Recoptor, CIN3E,
CEACAMS, C36, D70, Ch74, GOO, §T4, CD79%, Steapt, NapiZh, Lewis Y Antigen,
LIV, ¢-RET, DLL3 EFNA4, or Endosialin/ {13248,

[660169] As demonstrated herein, the present CLL-1 antibodies can mhibit cancer cell
growth (proliferation and/or engraftment) and thus can be considered chemotherapeutic
agents alone. The following disclosure provides examples of chemotherapeutic and cviotoxic

agents that can be linked to CLL-1 antibody for additional effect on CLL-1-expressing celis.

601 7¢] A chemotherapeutic (anti-cancer) agent can be any agent capable of reducing
cancer growth, inferfering with cancer cell replication, directly or indirectly killing cancer

cells, reducing metastasis, reducing tumor blood supply, ete. Chemotherapeutic agents thus
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melude eytotoxic agents. Cytotoxic agents include but are not limited to saporin, taxanes,
vinca alkaloids, anthracycling, and platimim-based agents. Classes of chemotherapeutic
agents melude but are not himited to alkviating agents, antimetabolites, ¢.g., methotrexate,

plant atkaloids, ¢.g., vincristing, and antibiotics, ¢.g., doxorubicin as well as miscellaneous

(]

drugs that do not fall in to a particular class such as hvdroxvurca. Platinum-based drags,

excraplified by cisplatin and oxaliplatin, represent a major class of chemotherapeutics. These

drugs bind to DNA and interfere with replication. Taxanes, exemplified by taxol, represent

another major class of chemotherapeutics. These compounds act by interfering with

cvioskeletal and spindle formation to inhibit cell division, and thereby prevent growth of

10 rapidly dividing cancer cells. Other chemotherapeutic drugs include hormonal therapy. Drug
maoiehies can melnde oviotoxic agents, such as a monomeric or dimeric benzodiazepine
derivative (see, e.g., U.S Patent Application No 15/048 865, which is incorporated for
reference). dolastatins, auristatins, mayviansinoid, dolastatin, tubulysin, cryptophvein,
pyrrolobenzodiazepine (PBD) dimer, indohinobenzodiazepine dimer,

15 isoquinolidinobenzodiazepine dimer {(including but not himited to D202 as described below),

alpha-amanitin, trichothene, SN-38, duocarmycin, CC10635, calicheanincin, an enedivne

antibioatic, taxane, doxorubicin derivatives, anthracveline and stercoisomers, azanofide,

isosteres, analogs or denvatives thereof,

[068171] More than one therapeutic agent can be combined, either in the same composition,
20 or o separate compositions. The therapeutic agent(s) can also be combined with additional

therapeutic agents as appropriate for the particular individual. Common therapeutic agents

provided to cancer patients inchide medications to address pain, nausea, anemia, infection,

inflaromation, and other symptoms conunonly experienced by cancer paticnts.

[360172] Antibodies can be attached to a therapeuatic agent, detectable agent, or nanocarrier

25 using a vanety of known cross-linking agents. Methods for covalent or non-covalent
attachment of polypeptides are well known in the art. Such methods may mclude, but are not
himited to, use of chemical cross-linkers, photoactivated cross-imkers and/or bifunctional
cross-linking reagents. Exemplary methods for cross-linking molecules are disclosed in US.
Pat. No. 5,603,872 and U.5. Pat. No. 5,401,511, Non-limiting examples of cross-linking

30 reagents include ghitaraldehvde, bifunctional oxirane, cthylene glyeol diglyeidyl ether,
carbodiinmides such as 1-ethyl-3-(3-dimethylaminopropyl} carbodiimide or

dicvelohexylcarbodiimide, bisimidates, dinitrobenzene, N-hyvdroxysuccmimide ester of
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suberic acid, disuccinimidy! tartarate, dimethyl-3,3-dithio-bispropionmimidate, azidoglyoxal,

N-succinimidyl-3-(2-pyridyldithioypropionate and 4-(bromoadminoethyi)-2-nitrophenylazide.

[B80173] In some embodiments, the CLL~1 antibody s associated with a nanocarrier. For
antibodies conjugated to nanocarners (e.g., liposomes), a certain number of antibodies will be
present on the surface, 1.e., at a given surface density. In some embodiments, the nanocarrier
will have at least 5 antibodies per nanocarrier, ¢.g., at least 10, 30, 40, 30, 75, 100 or higher
antibodies per nanocarrier. One of skill in the art will understand that surface density
represents an average range, as the number of antibodies per nanocarrier will not be

absolutely uniform for all members of the population.

[360174] Nanocarriers mclude vesicles such as liposomes and micelles, as well as
polymeric nanoparticles, etc. Nanocarriers are useful for delivery of therapeutic and
diagnostic agents, but can be particularly useful for shielding cvtotoxic agents used to treat
cancer. The nanocarrier can comprise lipds (e.g., phospholipids), hyvdrophilic polvmers,
hydrophobic polvmers, amphipathic compounds, cross-linked polymers, and a polymeric
matrix (see, ¢.g., WO2009/110939). Depending on the application, the nanocarner can be

designed to have a particular size, half-hite, shelf lite, and leakage rate.

1068175] Preparation of nanocarriers, such as an antibody targeted liposome, polymeric
nanoparticle, or extended shelf-life liposome, 1s described, e.g., in U5, Pat. Nos. 6,465,188,

7,122,202, 7462603 and 7550441,

[B60176] In some embodiments, the antibody 1s linked to a stabilizing moicty such as PEG,
or a liposome or other nanocarnier. U5, Pat. Nos. 4,732,863 and 7,892,554 and
Chattopadhyay et al. (2010) Mol Pharm 7:2194 describe methods for attaching the selected
antibody to PEG, PEG derivatives, and nanoparticles (¢.g., liposomes). Liposomes containing
phosphatidvi-cthanolamine {PE) can be prepared by established procedures as described
herein. The inclusion of PE provides an active functional site on the liposomal surface for

attachment.

[300177] The antibody conjugate can also be formulated to provide more than one active
compound, e.g., additional chemotherapeutic or cytotoxic agents, cytokines, or growth
inhibitory agents. The active ingredients may also prepared as sustained-release preparations
{c.g., semi-permeable matrices of solid hydrophobic polymers {¢.g., polyesters, hvdrogels
(for example, polv (Z-hvdroxyethvl-methacrviate), or poly (vinvlaleohol}), polyvlactides. The

antibodies and immunoconjugates can be entrapped in a nanoparticle prepared, for example,
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by coacervation technigues or by mterfacial polymenzation, for example,
hydroxymethylcelivlose or gelatin mucrocapsules and poly-(methylmethacylate)
microcapsules, respectively, in colloidal drug delivery systems {for example, liposomes,
albumin microspheres, microemulsions, nano-particles and nanocapsules) or in

macroemulsions.

[666178) ¢ CLEL-1 antibodies described herein can kill CLL-1-expressing cells alone, or
i combination with a cytotoxic agent. In some embodiments, the method of treatment
comprises administering to an mdividual an effective amount of a therapeutic CLL-1
antibody or CLL-1 antibody conjugate, ¢.g., a CLL-1 antibody attached to a therapeutic
agent. In some embodiments, the mndividual has been diagnosed with cancer, e.g., AML. In
some embodiments, the individual is receiving or has received cancer therapy, €.g., surgery,
radiotherapy, or chemotherapy . In some embodiments, the individual has been diagnosed, but

the cancer is 1D TENUSSION.

[680179] In some embodiments, the method further comprises mouifonng the individual for
progression of the cancer. In some embodiments, the dose of the CLL-1 antibody or CLL-1

antibody conjugate for cach administration is determined based on the therapeutic progress of
the mdivideal, ¢.g., where a higher dose of chemotherapeutic is administered if the individual

ig not responding sufficiently to therapy.

[660188] In some embodiments, the disclosure can include an antibody or antibody-targete
composition and a physiclogically {i.¢., pharmaceatically) acceptable carrier. The term
“carrier” refers to a typically mert substance used as a diluent or vehicle for a diagnostic or
therapeutic agent. The term also encompasses a typically inert substance that imparts
cohestve qualities to the composition. Physiologically acceptable carriers can be liquid, e.g.,
physioclogical saline, phosphate buffer, normal buffered saline (135-150 mM NaCl), water,
buffered water, 0.4% saline, 0.3% ghvcine, glycoproteins to provide enhanced stability {e.g.,
albumin, lipoprotein, globulin, etc.), and the bike. Since physiologically acceptable carriers
are determined n part by the particular composition being administered as well as by the
particolar method used to adounister the composition, there are a wide variety of suitable
formulations of pharmaceutical compositions of the present disclosure (See, ¢.g., Remingion's

Pharmaceutical Sciences, 17th ed., 1989}

1600181] The compositions of the present disclosure may be sterilized by conventional,

well-known sterilization techmiques or may be produced under sterile conditions. Agueous
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solutions can be packaged for use or filtered under aseptic conditions and lyophilized, the
tvophilized preparation being combined with a sterile agueous solution prior to
administration. The compositions can contain pharmaceutically acceptable auxiliary
substances as required to approximate physiological conditions, such as pH adjusting and
buffering agents, tonicity adjusting agents, wetting agents, and the like, ¢.g., sodium acetate,
sodium lactate, sodivm chlonde, potassium chloride, calcium chioride, sorbitan monolaurate,
and tricthanolamine oleate. Sugars can also be included for stabilizing the compaositions, such

as a stabibizer for lvophilized antibody compositions.

[660182] Dosage forms can be prepared for mucosal (¢.g., nasal, sublingual, vaginal,
buccal, or rectal}, parenteral (¢.g., subcutancous, intravenous, inframuscular, or intraarierial
injection, either bolus or infusion), oral, or transdermal administration (o a patient. Examples
of dosage forms include, but are not limited to: dispersions; suppositories, omntments;
cataplasms {poultices); pastes; powders; dressings; creams; plasters; solutions; patches;
acrosols (¢.g., nasal sprays or inhalers); gels; liquid dosage forms suitable for oral or mucosal
administration to a patient, including suspensions {e.g., aqueous or non-aqueous liguud
suspensions, oil-in~water emulsions, or a water-in-oil liguid emulsions), solutions, and chixars;
tiguid dosage forms suitable for parenteral admimistration to a patient; and sterile sohids (e.g.,
crystalline or amorphous solids) that can be reconstituted to provide liquid dosage forms

suttable for parenteral administration to a patient.

[060183] Injectable (o.g., intravenous) compositions can comprise a solution of the antibody
or antibody-targeted composition suspended in an acceptable carrier, such as an aquesus
carrier. Any of a variety of agueous carricrs can be used, ¢.g., water, buffered water, 8.4%
saline, 0.9% isotonic saline, 0.3% glvcine, 5% dextrose, and the hike, and may include
glycoprotemns for enhanced stability, such as albumin, Hipoprotein, globulin, cte. Often,
normal buffered saling (135-150 mM NaCl)y will be used. The compositions can contain
phamaceuticallv acceptable auxiliary substances to approximate physiological conditions,
such as pH adjusting and buffering agents, tonicity adjusting agents, wetting agenis, e.g.,
sodium acetate, sodium lactate, sodium chloride, potassium chlonide, calcinm chlonde,
sorbitan monolaurate, tricthanolaming oleate, etc. In some embodiments, the antibody-

targeted composition can be tormulated in a kit for intravenous administration.

1060184] Formulations suitable for parenteral administration, such as, for example, by
intraarticular {in the joints), intravenous, intramuscular, intratumoral, intradermal,

intraperitoneal, and subcutaneous routes, inclhude agueous and non-aqueous, 1sotonic sterile
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imjection solations, which can contain antioxadants, buffers, bactenostats, and solutes that
render the formulation isotonic with the blood of the mtended recipient, and aqueous and
non-aqueous sterile suspensions that can include suspending agents, solubilizers, thickening

agents, stabilizers, and preservatives.

[360185] The pharmaceutical preparation can be packaged or prepared in unit dosage form.
In such form, the preparation is subdivided nto umif doses contaiming appropriate quantities
of the active component, ¢.g., according to the dose of the therapeutic agent or concentration
of antibody. The unit dosage form can be a packaged preparation, the package containing
discrete guantities of preparation, in unit-dose or multi-dose sealed containers, such as
ampoules and vials. The composition can, if desired, also contain other compatible

therapeutic agents.

[660186] The antibody {or antibody-targeted composition) can be administered by injection
or infusion through any suitable route including but not Emited to intravenous, subcutaneous,
intramuscular or intraperitoneal routes. An example of administration of a pharmaceutical
composition inchudes storing the antibody at 10 mg/ml. in sterile isotonic agueous saline
solution for injection at 4° ., and diluting it m either 100 k. or 200 mE 0.9% sodium
chloride for injection prior to administration to the patient. The antibody is administered by
intravenous infusion over the course of T hour at a dose of between 0.2 and 10 mg/kg. In
other embodiments, the antibody is administered by intravenous infusion over a peniod of
between 15 mimutes and 2 hours. In still other embodiments, the administration procedure is

via sub-cutancous bolus injection.

[380187] The dose of antibody 13 chosen n order to provide effective therapy for the patient
and 1s in the range of less than 0.1 mg/kg body weight to about 25 mg/kg body weight or m
the range 1 mg-2 g per patient. In some cases, the dose is in the range 1-100 mg/ke, or
approximately 50 mg-8000 mg/patient. The dose may be repeated at an appropriate frequency
which may be n the range once per day to once every three months, depending on the
pharmacokinetics of the antibody (e.g., half-life of the antibody in the circulation) and the
pharmacodynamic response (¢.2., the duration of the therapeutic effect of the antibody). In
some embodiments, the in vivo half-life of between about 7 and about 25 days and antibody

dosing 1s repeated between once per week and once every 3 months.

1600188] Admmistration can be periodic. Depending on the route of administration, the

dose can be administered, e.g., once every 1, 3,5, 7, 10, 14, 21, or 28 days or longer (¢ .g.,
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once every 2, 3, 4, or 6 months}. In some cases, administration is more frequent, g, 2 or 3
times per day. The patient can be monitored to adjust the dosage and frequency of
administration depending on therapeutic progress and any adverse side effects, as will be

recognized by one of skill in the art.

[060189] Thus in some embodiments, additional administration is dependent on patient
progress, e.g., the patient 1s monitored between adminstrations. For example, after the first
administration or round of administrations, the patient can be monitored for rate of tamor
growth, recurrence (e.g., in the case of a post-surgical patient), or general discase-related

symptoms such as weakngess, pain, nausea, ¢ic.

[360196] For the treatment of cancer, an antibody or antibody-targeted composition {¢.g.,
including a therapeutic and/or diagnostic agent) can be administered at the mitial dosage of
about 0.001 mg/kg to about 1000 mg/kg daily and adjusted over time. A daily dose range of
about 0.01 mg/ke to about 5300 mg/kg, or about 0.1 mg/kg to about 200 mg/kg, or about 1
me/kg to about 100 mg/kg, about 5 to about 10 mg/kg, or about 10 mg/kg to about 50 mg/kg,
can be used. The in vivo xenograft results described herein indicate that a dose between 5-20

mg antibody/kg bodyv weight is effective for dramatic reduction of tumor growth.

1060191] The dosage is varied depending upon the requirements of the patient, the severity
of the condition being treated, and the targeted composition being employed. For example,
dosages can be empirically determined considering the tvpe and stage of cancer diagnosed in
a particular patient. The dose administered to a patient, in the context of the present
disclosure, should be sufficient to affect a beneficial therapeutic response in the patient over
time. The size of the dose will also be determined by the existence, nature, and extent of any
adverse side-effects that accompany the adminustration of a particular targeted composttion in

a particular patient, as will be recognized by the skilled practitioner.

[660192] ft s understood that the examples and embodiments described herein are for
tthustrative purposes only and that various modifications or changes i light thercof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent
applications cited herein are hereby incorporated by reference in their entireties for all

PUIPOSES.

[600193] All publications and patent applications mentioned m this specification are herein

expressly mcorporated by reference in their entirety to the same extent as if each individual
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publication or patent apphication were specifically and individually indicated to be

incorporated by reference.

[300184] From the foregoing it will be appreciated that, although specific embodiments of
the Invention have been deseribed herein for purposes of illustration, various modifications
5 may be made without deviating from the spinit and scope of the invention. Accordingly, the

nvention is not himited except as by the appended claims,

[680195] The following examples are offered by way of illustration and not by way of

fimitation.
Vi EXAMPLES

10 668156 A cysteine residue was engineered at sclected position (HU numbering) of
CLL-1 antibody (HuM31) heavy chain to produce corresponding CYSMAR variant using
CuickChange [T Site-Directed Mutagenesis Kit {Agilent). Authenticity of the cysteine
substitution was verified by DNA sequencing. CYSMAB light and heavy chain construct
were transiently transfected into HEK-293 cells. Expressed CYSMAB varnant was purified

15 using MabSclectsuRe beads and further characterized with various CLL-1 functional assays.

Example 1 - Conjugation

[080197] To demonstrate conjugation at selected residues of the heavy chain constant
region, antibody-fluorophore conjugates were created. The folowing procedure was used:
Purified HuM31 or CYSMAB vanants (1.5mg ecach) were dialvzed agamnst PBS overnight at

20 4 °C. Antibodies were incubated with 200ul. of MabSelectsuRe beads at room temperature
for 1 hour. After washing beads three times with ZmL PBS each time, antibodics were
reduced in Z2mM DTT at RT overnight in 150mM NaCl-50mM Tris, pH 8.0 buffer. Beads
were washed three times then antibodies were re-oxidized in ImM Dehydroascorbic acid
(DHAA ) at room temperature for three hours. Antibodies were washed three times and

25 comugated with 10 molar excess Alexad88-C5-maleimide at room temperature for two hours.
Beads were washed three times and Alexad88 conjugated antibodies were eluted with 500ubL
of 0.1M Glycine, pH 2.7. The antibody concentration and Alexad48% conjugation efficiency

{mumber of Alexad88 per antibody) was determined by using NanoDrop 2000

[600198] To demonstrate that the conjugation was not variable with the date or amount of

30 fluorophore, the conjugation procedure was repeated on different dates, and with different
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concentrations. The results (Figure 5 and Figure 6, respectively) show that the neither the

conjugation ratio {¢.g., BAR, FAR) vary appreciably in the procedure.

[B80199] The results of the conjugation, including amino acid residue and fluorophore-to-

antibody ratic ("FAR™} are reported in Figures 7-9.

[660286] Figure 7 shows of 45 total conjugations, 21 (47%) displayed high conjugation
(2}, 7 (16%) medium {1-2) and 17 (38%%) low (<1).

000201 Figure 8 shows of 20 total conjugates, 10 (50% display high conjugation (>2), 1

(5%} medium (1-2} and 9 (45%) low (<1}

Example 2 - Specificity ELESA

1600202] Figure 11 An ELISA assay specifically to detect Alexa 488 (A488) comjugated o
HuM31 (HuM31-A488 AF() was developed. Three different formats of ELISA were
designed to detect the A488 conjugated to HuM3 1 1 human plasma. Unconjugated HuM31,
HuM31-A488 and Ig(G-A488 were tested in these three ELISA methods. The results showed
ELISA format #1 has best signal to noise ratio. And format #2 and 43 showed higher

backeground binding. Format #1 ELISA was moved forward to detect HuM31-A488,

1600203] Figure 2a0 Specificity of the ELISA assay. Format #1 ELISA method was used
to specifically detect HuM31-A488 and site-specific CYSMAB-A488 conjugates instead of
control samples (relative to IgG (Isotype control), fgG-A488 AFC, trastuzumab and
unconjugated HuM31) used. The result demonstrated that this ELISA method only detected
HuM31-A488 and site-specific CY SMAB-A488 conjugates. In contrast controls: isotype
human IgG, trastozumab, HoM31 or IgG-A488 conjugates showed no binding.

1600204] Figure 2b: Testing human plasma interference m the ELISA assay. Under the
optimal ELISA conditions, the presence of 1% human plasma only marginally enhanced the
binding of HuM3 1-A488 conjugate to anti-A488 anttbody. Therefore the ELISA method can

be used to analvze antibody conjugate samples that had prior exposure to human plasma.

Example 3 - Stability of HuM31-A488 Coniueate (AFC)

[660235] The stability 1in human plasma of the AFCs of the disclosure was tested by
tncubation 1 human plasma. AFC (50 pg/mL} was spiked nto pooled human plasma or 0.5%
BSA in PBS. Each sample was then incubated at 37°C with 5% C0O», and then transferred to
-80°C at 0, 24, 48, 72 and 96 hour time points. The samples were diluted 1:53000 1n sample

Diiuent (PBS buffer containing 0.5% BSA, 0.05% Tween 20, 3mM EDTA, 0.35M Na(l,
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(.25% CHAPS and 0.2% BGG). The samples at various fime points were then assayed by the

ELISA.

[380266] ELISA procedure; CLL-1 extra cellular domain proten in PBS (1 ug/mb) was
coated on 96-well plate and tncubated overnight at 4 °C. Plate then washed three times with
0.1% Tween 26 PBS followed by 1 hour of blocking with 17 B5SA 10 0.1% Tween 20 PBS
at room temperature. After six times washes with 0.1% Tween 20 in PBS, senal diluted
Alexad88 conjugated human M31 and its controls were added to the plate and incubated for |
hour at room temperature. Then plate was washed with 0.1% Tween 20 in PBS. Rabbit anti-
Alexa 488 secondary antibody {1 ug/mb) was added to the plate and incubated for 1 hour at
RT. After six times washes with 0.19% Tween 20 PBS plate was detected by HRP conjugated
goat anti-rabbit Fe polyclonal antibody at 1:50,000 dilution. The percent (%) values were

then evaluated by comparing the OD vahie of each time point to time 0.
[600207] The stability of tested samples after 5 days are shown in Figures 9 and 10

1060208] Figures 9 and 10 show that samples 58, 64, 73, 81, 86, and 206 have stability

>85% after 5 days of incubation.

Example 4 -~ Stabilitv of HuM31-Biotin conjugates

[660209] HuM31-Biotin conjugates were generated by conjugating CYSMABs with HPDP-
biotin and BMCC-biotin.

[0602106] Purificd human M31 or CYSMAB variants (1.5mg cach) were dialyzed against
PBS ovemight at 4 °C. Antibodies were incubated with 200 pl of MabSelectsuRe beads at
room termperature for 1 hour. After washing beads three times with 2ml. PBS cach time,
antibodies were reduced in 2mM PTT at RT overnight in 1530mM Na(Cl-50mM Tris, pH 8.0
buffer. Beads were washed three times then antibodies were re-oxadized in 1mM DHAA at
room temperature for three hours. Antibodics were washed three times and conjugated with
10 molar excess HPDP-biotin or BMCC biotin at room temperature for two hours. Beads
were washed three times and biotin conjugated antibodies were eluted with 500ul of 0. 1M
Glyeime, pH 2.7, The antibody concentration and biotin conjugation efficiency was

determined by using NanoDrop 2000 and ELISA based assay, respectively.

[360211] An ELISA assay was developed to determine stability of ADCs in buman plasma.

CLL-1 extra cellular domain (1ug/mL) in PBS was coated on 96-well plate and incubated

overnight at 4 °C. ELISA plate was washed three times with washing buffer (0.1% Tween 20
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i PBS) followed by 1 hour of blocking with 1% BSA in 0.19 Tween 20 in PBS at room
temperature. After washing the plate six times with washing buffer, senally difuted HuM31-
Biotin and s corresponding control samples were added to the plate and mcubated for | bour
at room temperature. The plate was washed six time with washing buffer followed by
detection using streptavidin-HRP conjugate (used at 1:100,000 dilution).

1600212] The stability of the HPDP and BMCC hinked antibody conjugates after day S are

reported in Figure 11

The Stability of Biotin-BMOCC Conjugate Samples in Human Plasma:

1660213] Figure 11 shows that samples V266, V303, T307, 3316, Y436, L441, H2835,

R301, 3295 have stability > 80% after 5 days of incubation.

Example 5 - Affinity Testing

[G00214]  The binding affinity for the cysieine-substituted CLL-1 TYSMARBs can be tosted
for comparative binding affinity to thetr naked, uncomugated counterparts. Bretly,
biotinviated CLL-1 {25 ug/mb) is loaded onto streptavidin scasor tips for 2 hours gt 22 °C.
Ab-Ag dissocation curves were generated at three different concenirations for cach antibody
with eithor Fortebio or BlAcore analysis {10, 39, and 90 ug/mb) using a global 1.1 curve

fiting.

Example 6 - Binding to AML Cell Lines and AML Patient Samples

(6602151 The cvsteme-substituted CYSMABs can be tesied for comparative binding o
recombinant 293 cells expreasing human CLL-1, and two AML cell Hings, HLGO and OCE
AR5, The percentage of five cells with anttbody inding can be detected by any saitable
means, ¢.g.. FACS, The binding consistency, 1.2, vverpatient varabitity, can also be

evaluated.

Example 7 -- Antibodv-Brug Coniugate (ADC) Assays

[600216] Antibodv-Drag Conjugate (ADC) assays can be carried out on a suitable AML
cell lings (o, HLAO and OCT AME-3}, as well as recombinant 293 cells cuprossing CLL-1
Briefly, celis are incubated with various conconirations of ADUs for 72-120 hours at 37 °C.
Cell viability 15 determmned by Cell Tier-Gio (Promega) lununescent cell viability assay 1o

deternpune 150 valoes.
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Example 8 -~ In Vive Inhibition of AML Tumor Growth

[B00217) The CLE~-1 CYSMARB ADCs can be gvaluated for s vive efficacy. Sutable
gtudies include both (1) subcutancous (5O pemor engrafiment and growth model sobizimg the
CLL-1 positive HLAD AML human celt line m mice, and (2} an orthotopic (bone marrow,
blood, splecn and lymph node) tumor engrafiment and outgrowth model utihizing the CLL-1

positive HL60 or OCT AML-5 human AML cell line.

[080218] An established ST HLG0O study can be carried out as follows. Amimals {(nu/nu
mice) were inoculated with of 3x10° or 10’HLG0 cells. Tumor-bearing mice were
randomized to a mean tumor volume of 100-150 rant” in cach group (8 animals/group). CLL-
1 CYSMAB ADC, or an IgG control ADC, 1s administered 1.p. at a dose of 3-200 pg/animal.

Mean tumor volumes were plotied over a time {post-dose}.

[660219] The OCI AML-S cell orthotopic studics can be carried out as follows.
Trmmoedeticiont MSG mice are split ido 5 groups of 8 animals/group. CLE-1 CYSMAR
ADRC, oran IgG comirel ADC, are admuustored 1 .p. at a dose of 5-200 ug/arumal at post {dav-
6} imtravenous inoculation of 33 1% or 1Y GCT AML-S cells. Aniroals then receive additional
antibody doses once per week for the next 2 weeka. The study terminaies 4 weeks after

admunistration of the OCI AML-S cells.

Example & - Specificity for AML Stem Cells in ADC Assays

[G00220] The speoifictty of the CLL-1 CYSMAB ADCs prepared according to the
disclosure can be togted for specific killing m an ADC assay. Pomary pationt AML colls or
normal D34 positive hematopoieiic stem cells are isolated from the bone marrow of haman
subjects, and are seaded indo a soft agar colony formation assay {100,000 cells/plate). The
colis are ther incubated tnthe presence CLL-1 CYSMAR ADCe 14 days. The ADC can
cause selective, specific mbibition of AML stem cell clonogenic growth, while normal H5Cs
should not be affected. The effect of the compugation can be compared to the naked parent

ardibody. The negative covtrols are untreated or troated with an vorelated IgG-ADC

Example 18 — Stability of various drug conjugates

[060221] A variety of amabgdv—dmg conﬂwaﬁ s were made as follows:
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All of the conjugates were made with an anti-CLL-1 antibody having the followimng variable

regions: light chain variable region sequence comprising:
DIGMTOQSPSSLSASVGDRVTLTCRATQELSGYLSWLQOQEPGKAIKRLIVAASTLDSGY
PSRFSGNRAGTDYTLTISSLOQPEDFATYYCLOYAIYPYTFGQGTKLEIK (SEQ 1D
NG:19) and a heavy chain variable region sequence comprising:
EVOLYVQSGAEVEKPGASVKMSCKASGYTFTSYFIHWVRQAPGOGLEWIGFINPYND
GSKYAQKFQGRATLTSDKSTSTVYMELSSLRSEDTAVYYCTRDDGYYGYAMDYWG
QGTLVTVSS (SEQ ID NO:20). The antibodies were conjugated to the indicated cysteine

substitution via a cysteing reactive linker to an isoquinolidincbenzodiazepine dimer as

follows:
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{designated “D2027).

[000222] A humanized, cys-substituted anti-CLL1 antibodics in PBS were exchanged into
borate buffer (S0 mM, pH 8.5, ImM diethyiene tianmine pentaacetic acid (DTPA)} via 2
cycles of molecular weight cut-off filtration (MWCO) using a Millipore, 15 mL, 30kDa
device. To the new solution of the antibodies (5.0 mg/ml., borate buffer (50 mM, pH 8.5,
ImM DTPA)) was added a solution of Dithiothreitol (DTT) (33 ul, 30.0 equuv., 530 mM)j and

the resultant solution was shaken gently overnight.

[060223] Complete reduction of the interchain disulfide bridges and removal of the
substituted cysteine cystene/glutathione adducts were confirmed by rp-LUMS as described

earticr (Junutula et al., 2008, Nature Biotech, 26, 925-932). DTT was then removed from the
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solution via 3 cycles of molecular weight cut-off filtration {MWCO) using a Millipore,
15mL, 30 kDa device, using PBS as the exchange buffer. To a 5 mg/mi solution of the fully
reduced antibody was added a solution of dehvdro ascorbic acid (dhAA) (33 ul, 50.0 equiv,,
50 mM). The resultant solution was shaken gently for 3 hrs. The re-oxidation was monitored
via rp-LCMS. Once the re-oxidation was decmed complete, the reaction misture was diluted
up to 50% v/v with propyiene glveol and D202 was added as a solution m DMSO (10.0
equiv., 10 mM in DMSO).

[680224] The reaction was allowed to stir at ambient temperature for 1 hr. The mixture was
then treated with activated charcoal for | hr at ambient temperature. The activated charcoal
was then removed via filtration. The conjugate was then exchanged into PBS via multiple
cycles of molecular weight cut-off filtration (MWCO) using Mallipore, 15mL, 30 kDa

devices. The solution was then subjected to a sterile filtration to yield the desired conjugate.

[060225] Starting at 30 ug/mL, C6-CYSMARB-D202 ABDCs and C0-D202 were subjected to
8-puint, 6-fold serial dilutions using cell binding buffer (PBS, with 2% fetal bovine serum}.
HL60, OCI-AMLS and OCH-AMLS-CLLY knockout cells were washed by staining media and
incubated with 5% normal mouse serum on ice for 30 minutes to block Foy receptors. The
cells were then dispensed into 96-well plate in a density of 0.1¢® cells per well and medium
was removed by centrifugation. The cell plates were incubated with 100 pb ADC sample
dilutions for 30 minutes on icc followed by three times washing and further stained with
Alexa-488 conjugated Goat antt human Ig( as secondary antibody for 30 minutes on ice. The
celis were then washed three times and resuspended in 160 ub cell binding buffer using
propidium iodide as cell viability dye. The ADC binding to the ccll samples were analvzed by
flow cviometry and data analysis by Flowjo. The MFI {Geom. Mean) of FITC signal were

plotted using Graphpad Prizm 6. See, FIG. 12A-C.

1600226] Stability of the conjugates was determined as follows. On day 0, dilute €6-
CYSMARB-D202 ADC samples in human plasma to 200mg/mL. Perform 9-point, 6-fold
senal dilution using human plasma as a diluent . Seal the sample dilution plate and incubate
at 37 °C ia the CO» incubator for 5 days as a sample D5, Prepare Sample D3, D1 and DO by
repeating this plasma duution and 37 °C incubation procedure ondav 2, 4 and 5. Onday 5,
set up cell killing assay by adding SmL of sample DO, D1, D3 and D3 mto 85mL of OCl-
AMLZ and HL60 celis, incobate at 37 °C for 5 days and quantify the cell viability by Cell-

Tier-Glo.
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[860227] Co6-CYSMAB-D202 ADC sample dilutions were carried out in 96-well plates
asing human plasma as diluent and incubated at 37 "C m the CO; incubator for plasma
stability study. 9-point, 6-fold senial dilutions, starting at 200 ug/ml. ADC, were performed
on dav 0, 2, 4, and day 5 and the sealed sample dilution plates plus no ADC, plasma only
control, were incubated at 37 “C, 5% COs incubator for 5, 3, 1 and 0 davs, respectively, as
sample D3, D3, B1 and DO. In day 5, OCI-AML2 and HLAO cells were seeded in 96-well
plates at a density of 2,000 cells in 95 pl. Alpba-MEM and IMDM ccll culture media,
supplemented with 20% fetal bovine serum (FBS) and treated with 5 puL samples from DO,
D1, D3, D5 sample dilution plates in triplicates. The assay plates were then incubated at 37
*C, 5% CO, mcubator for 5 days. Live cells {(percent of viable cells) were assaved using
CellTiter-Glo kit (Promega) and the luminescence measured by a plate reader (Molecular
Device Spetramax M3}, The results were expressed i percentage of viable cells relative to
no ADC plasma only control cells. Individual dose response corves and nhibitory drug

concentrations (ICse) were derived by nonlinear regression using Graphpad Prizm 6.

1800228] Stability Test of C6-CYSMAB-D202 ADCs on AML2, HL60 Cell Killing is

exemplified in the following tables:

ARMLZ
{C50 ug/mlb DO D1 D3 D5
S5156C 0.0018 0.0012 0.0011 0.0058
AT18C 0.0017 0.0010 {.0028 0.0043
G316C 0.0037 0.0019 0.0084 0.0128
V26860 {.0041 0.0028 0.0043 0.0070
52380 (.0021 0.0009 0.0008 0.0021
MLEO
50
ugimi. 20 D1 D3 25
S186C 0.0072 0,007 $.0088 0.0308
AT{BC 00100 00118 .0245 Q.0808
G380 .0258 0.0315 3.1153 0A77e
VaB8G 0.0154 0.0115 0.0200 0.0384
§239C | 00087 | 00047 | 00043 | 00120
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WHATIS CLAIMED IS:

1. A cysteine-substituted immunoglobulin polvpeptide comprising a substituted
amino acid residue selected from the group consisting oft V2660, G316C, H285C, R301C,
V303C, T307C, Y436C and L441C under EU numbering.

2. The polypeptide of Claim 1, wherein the immunoglobulin polvpeptides are

derived from human IgG heavy chain constant regions.

3. The polypeptide of Claim 2, wherein the lgG s an isotype selected trom the
group consisting of IgG1, IgG2, 1gG3 or IgG4.

4. The polypeptide of Claim 3, wherein the 1sotype 1s IgGl.

3. A nucleic acid molecule comprising a nucleotide sequence encoding a

cysieing-substitute

6. d mmmunoglobulin polypeptide coraprising a substituted amino acid residue
selected from the group consisting oft V266C, G316, H285C, R301C, V303C, T307C,
Y436C and 1441C under EU numbering.

7. The nucleic acid molecule of Claim 5 further comprising an expression control

sequence operably linked with the nucleotide sequence.
8. The nucleic acid molecule of Claim 6, comprised in an expression vector.

9. A recombinant cell comprising a nucleic acid molecule comprising a
nucleotide sequence encoding a ovsteing-substituted inmummoglobulin polypeptide comprising
a substituted amino acid residue selected from the group consisting of: V266C, G316(,

H285C, R301C, V303, T307C, Y436(C and 144 1C under EU numbenng.

HLiX A process for making a cvsieine-substituted polypeptide comprising culturing
recombinant cell comprising a nucleic acid molecule comprising a nucleotide sequence
encoding a cysteine-substituted immunoglobulin polypeptide comprising a substituted amino
acid residue selected from the group consisting of: V266C, G316C, H285C, R301C, V303C,

307C, Y436C and L441C under EU numbenng.
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1. A cysteine-substituted antibody comprising a cysteine-substituted
mnmunoglobulin polypeptide comprising a substituted amine acid residue selected from the
group consisting oft V266C, G316, H285C, R301C, V303, T307C, Y436  and L4411

a heavy chain constant region under EU numbering.

12, The antibody of Claim 10, wherein the heavy cham constant region 1s derived

from a human IgG 1sotype sclected from the group consisting of: IgGl, 1gG2, Ie(G3 and fg(G4.

13,  The antibody of Claim 10 comprising an immunoglobulin light chain selected

from the group consisting of kappa and lambda.
14.  The antibody of Claim 12, wheremn the light chain is kappa.

15,  The antibody of Claim 10 that binds to CLL-1, GPR114, ILIRAP, TIM-3,
CD19, CD20, Cb22, ROR, mesothelin, CD33, CD123/1L3Ra, c-Met, PSMA, prostatic acid
phosphatase (PAP), CEA, CA-125, Muc-1, AFP, Glycobipid F77, EGFRvHE GD-2, NY-
ESG-1 TCR, tyrosinase, TRPVgp73, gpi00/pmel-17, Melan-A/MART-1, HerZ/neu, WTL,
EphA3, telomerase, HPV E6, HPV E7, EBNAL, BAGE, GAGE and MAGE A3
TCRSLITRKSG, ENPP3, Nectin-4, CD27, SLC44A4, CAIX, Chpto, CD30, MUCHS6,
GPNME, BCMA, Trop-2, Tissue Factor {TF), CanAg, EGFR, av-integrin, {D37, Folate
Receptor, CD138, CEACAMS, CD56, CD70, CD74, GCC, 574, CDY79, Steapl, NapiZh,
Lewis Y Antigen, LIV, ¢-RET, DLL3,EFNAA4, or Endosialin/CD248.

i6.  'The antibody of Claim 14, comprising a variable light chain and a variable
heavy chain, wherein:

{a) the variable light chain comprises a CDR-L1, CDR-~L2 and CDR-L3, further

wherein:
CDR-L1 is ESVDSYGNSF (SEQ 1D NO:1)
CDR-L2 is LAS (SEQ ID N(:2)
CDR-L3 is QONNYDPWT (SEQ ID NG:3), and

(b} the variable heavy chain comprises a CDR-H1, CBR-H2 and CDR-H3, further

wherein:

COR-HI is GYTFTSYV (SEQ ID NO:4)

50~
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17,

CDR-H2 15 INPYNDGT (5EQ ID NQ:3), and

CDR-H3 s ARPIYFDNDYFDY (SEQ ID NO:6); or wherein:

{c} the variable Hght chain further comprises a CDR-L1, CDR-L2 and CDR-L3,

further wherein:
CDR-L1 s RATQELSGYLS (SEGQIDND:13)
CDR-LZ is AASTLDS {SEQ ID NO:14)

CDR-L3 is LOYAIYPYT (SEQ ID NO:15), and

{d} the variable heavy chain further compnsing a CDR-HI, CDR-HZ and CDR-

H3, further wherein:
CDR-H1 s GYTFTSYFIH (SEQ ID NO:16)
CDR-H2 1s FINPYNDGSK (SEQ ID NG:17), and

CDR-H3 s DDGYYGYAMDY (SEQ ID NO:18)

A nucleic acid molecunle comprising a nucleotide sequence encoding the

antibody of Claims 10-17.

18,

The nucleic acid molecule of Claim 17 operably linked with an expression

control SCQuUCnCe.

9.

vector.

26.

21.

of Claim 1.

22,

23,

The nucleic acid molecule of Claim 18 further comprising an expression

A recombinant cell compusing a nucleic acid molecule of claim 19

A process for making an antibody comprising culturing the recombinant ccli

The process of claim 1 further comprising isolating the antibody.

An antibody conjugate comprising the antibody of any of Claims 1-4 or 10-

15, conjugated from the substituted anuno acid residue (cysteine) in the antibody through a

linker to a moiety selected from the group consisting of drug, radionucleotide, fluorophore,

biotin, RNA, antibiotic, protein and a detectable moiety.

~G1~
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24.  The antibody conjugate of Claim 1, which is conjugated to a drug.

25, The antibody conjugate of Claim 1, whercin the drug 1s selected from the
group consisting of. a monomeric or dimeric benzodiazepine denvative, maytansinoid,
auristatin, dolastatin, twbulysin, cryptophyain, pyrrolobenzodiazepine (PBD) dimer,
mdolinchenzodiazepine dimer, isoquinolidinobenzodiazepine dimer, alpha-amanitin,
trichothene, SN-38, duocarmycin, CC1063, calicheamincin, an enedivne antibioatic, taxane,
doxorubicin derivatives, anthracycline, azanofide and stercoisomers, isosteres, analogs or

derivatives thereof.

26. ¢ antibody conjugate of Claim 1, whercin the drug 1s an

1soquinolidinobenzodiazepine dimer.

27.  The antibody conjugate of any of Claims 22-25, wheremn the linker is

covalently bonded to the drug.

28.  The antibody conjugate of any of Claims 22-25, wherein the linker is attached
to the antibody through a reaction between a thiol and a thiol reactive group selected from

malemmide, halide and sulfonyl.

29, The antibody conjugate of any of Claims 23-25, wherein the linker is

connected via disaifide bond to the drug.

30,  The antibody conjugate of Claim 28, wherein the disulfide bond 1s a pyridyl

disulfide moiety.

31. ¢ antibody conjugate of any of Claims 22-25, wherein the linker i3

cleavable in the microenvironment of the target.

32.  The antibody conjugate of Claim 22, which is conjugated to a detectable

moiety.

33.  The antibody conjugate of Claim 31, wherein the detectable moiety is selected

form the group consisting of A488, BMCC-biotin and HPDP-biotin.

34. A composition comprising the antibody or conjugated antibody of any of

Clavms 10-32 and an adjuvant.
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35, The composition of Claim 1, which is pharmaceutically acceptable.

36, A method of detecting a cell of interest comprising:
(a) contacting a cell with an effective amount of an antibody of any of claims
1-4 or 10-15 capabie of binding the cell, and
(b} detecting binding of the antibody to the cell,

wherein said binding indicates the cell of interest.
37.  The method of Claim 1, wherein the cell of interest expresses CLL-1.

38.  The method of Claim 1, wherein the antibody is conjugated to a detectable

moiety.

39. A mcthod of diagnosing a disease comprising:
(a) contacting a biclogical sample from an individnal with an effective amount
of an antibody of any of claims 1-4 or 10-13 capable of binding to discased celis; and
(b} detecting binding of the antibody to a discase cell,

wherein binding mdicates the presence of the discase.

406,  The method of Claim 1, wherein the antibody is conjugated to a detectable

moiety.

41.  The method of Claim 1, wherein the discase is cancer and the antibodv binds

to a tumor associated antigen or a cancer stem cell assoeiated antigen.

42.  The method of Claim 1, wherem the tumor associated antigen or cancer stem

cell associated antigen 1s CLL-1.
43.  The method of Claim 1, wherein the disease 1s a myeloproliferative disorder.

44,  The method of Claim 42, wherem the myeloproliferative disorder 1s selected
from the group consisting of. AML, CML, CMML, multiple myeloma, plasmacytoma and

myelofibrosis.

45, A method of inhibiting cell division comprising contacting a cell with at least
an effective amount of an antibody conjugate of any of claims 22-32 capable of binding the

cell and which is conjugated to a drug that 1s cytotoxic to the cell.

-3~
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46, The method of Claim 1, wheremn the inhibition of cell division results in cell

death.

47. The method of Claim 1 wherein the cell is a tumor or cancer stem cell, and the

antibody binds to & tumor associated antigen or cancer stem cel antigen,

48. The method of Claim 1, wherein the tumor or cancer stem cells are from a

myeloproliferative disorder.

49, The method of Claim 1, wherein the myeloproliferative disorder is selected
from the group consisting oft AML, CML, CMML, muluple myeloma, plamacytoma

myelofibrosis.

56.  The method of Claim 1, wherein the tumor associated antigen or cancer stem

cell antigen 1s CLL-1.

51, A method of treating cancer comprising administering 1o a patient a
therapeutically effective amount of an antibody conjugate of any of ¢claims 22-32 wherein the
antibody conjugate is capable of binding a tumor associated antigen or cancer stem cell

antigen.

1933

2. The method of Claim 1, wherein the cancer is a myeloproliferative disorder.

53.  The method of Claim 1, wherein the myeloprohiferative disorder is selected
from the group consisting of: AML, CML, CMML., multiple myeloma, plasmacvtoma and

myelofibrosis.

54.  The method of Claim 1, wheremn the tumor associated antigen or cancer stem

cell antigen is CLL-1.

83, An antibody conjugate comprising a cvsteine-substituted immunoglobulin
polypeptide comprising a substituted amino acid residue at $156 (under Kabat numbering} in
the heavy chain linked via the cysteine to a monomeric or dimeric benzodiazepine derivative,
maytansinoid, auristatin, dolastatin, tubulvsin, cryptophyein, pyrrolobenzodiazepine (PBD)
dimer, indolinobenzodiazepine dimer, isoguinolidinobenzodiazepine dimer, alpha-amanitin,

trichothene, SN-38 duocarmycin, CC1063, calicheaminein, an enedivne antibioatic, taxang,
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doxorubicin derivatives, anthracycline, azanofide and stercoisomers, isosteres, analogs or

derivatives thereof.

56.  The antibody conjugate of claim 54, wherein the indolinobenzodiazepine
dimer or isoquinolidinobenzodiazepine dimer is attached to the antibody through a linker and

the hinker is connected via disulfide bond to the drug.

57.  The antibody comjugate of Claun 54, wherein the disulfide bond is a pyridvl

disulfide moiety.

58.  The antibody conjugate of Claim 34, wherein the linker is cleavable in the

microenvironment of the target.

59, A composition comprnising the antibody or conjugated antibody of any of

Claims 34-57 and an adjuvant.
60.  The composttion of Claim 58, which is pharmaceutically acceptable.

61. A method of inhibiting cell division comprising contacting a cell with at least

an effective amount of an antibody conjugate of any of claims 54-37.

62. The method of Claim 60, wherem the mhibition of ¢cell division results m cell

death.

63, The method of Claim 60 wherein the cell s a tumor or cancer stem oell, and

the antibody binds to a tumor associated antigen or cancer stem cell antigen.

64, The method of Claim 62, wherein the tumor or cancer stem cells are from a

myeloproliferative disorder.

65, The method of Claim 63, wherein the myeloproliferative disorder 18 selected
from the group consisting oft AML, CML, CMML, multple myeloma, plamacytoma

myelofibrosis.

66.  The method of Claim 62, wherein the tumor associated antigen or cancer stem

cell antigen 1s CLL-1.

67. A method of treating cancer comprising administering 1o a patient a

therapeutically effective amount of an antibody conjugate of any of claims 54-57 wherein the

~G5~
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antibody conjugate 1s capable of binding a tumor associated antigen or cancer stem cell

antigen.
68, The method of Claim 66, wherein the cancer 1s a myeloproliferative disorder.

68,  The method of Claim 67, wherein the myeloproliferative disorder is selected
from the group consisting of) AMEL, CML, CMML, multiple myeloma, plasmacytoma and

myelofibrosis.

78.  The method of Claim 66, wherein the tumor associated antigen or cancer stem

cell antigen 1s CLL-1.

66~
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