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ABSTRACT

The invention provides anti-FCRH5 antibodies and immunoconjugates and provides uses of
the same for treating cancers and inhibiting proliferation of FCRH5-positive cells.
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ANTE-FCRYUS ANTIBODIES

RELAYED APPLICATIONS
The preseat application claims benefit under 35 UR.C. § 119 of L5, Provisional Patent
Application No. 61/838,534, filed on hune 24, 2013
BEQUENCE LISTING
The tnstant application contains 2 Ssquence Listing in ASCH format. The ASCIH text file was

created on Rune 9, 2014, is named GNE-0413W0 8L txt and is 67,909 bytes in size.

FIELD OF THE INVENTION
Provided herein are anti-FeRHS antibodies {e.g., bispecitic antibodies) and imnumoconjugates

and methods of using the same.

BACKGROUND

The Fe receptor-like § (FcRLS, also known as FeRHS and IRTAZ) belongs to a family of 6
recently identified genes of the immunoglobulin superfamily JgSE). This family of genes is closely
related to the Fo receptors with the conserved genomic structurs, exiraceibilar Ig domain composition
and the ITIM- and ITAM-like signaling rootifs {Davis RS ef al., Bur J Fovmrgsod {20083 35:674--88),
Members of this farnily have also been called IFGPs {from Ig super-family, FeR, gpd2) and SPAPs
{SH2 domain-containing phosphatases anchor proteins), Six memibers of the FeRH/ARTA receptor
family have been described: FeRHI/IRTAS, FeRHZART AL, FeRHI/IRTAZ, FeRHA/IRTAL,
FeRHSARTAZ and FcRE6 (Polson AG ef o, It fmonmel, (2006) 18(93:1363-1373). All FeRW/IRTAs
contain some combination of canonical imynunoreceptor tyrosine-based inhibitory motifs and
Hmminorecsptor tyresinge-based activation motifs-like” signaling metifs. The FCRH ¢PDNAs encode
type | transmembrane glycoproteins with multiple lg-like extracellular domains and cytoplasmis
domains contalning consensus immunoreceptor tyrosine-based activating and/or inhibitory signaling
motifs. The FeRH genes are structurally related, and their protein products share 28-60% extracellular
ideniity with each other. They alse share 15-31% identity with their closest FeR relatives, Thereisa
high degr s of homology batwesn the different FeRHs.

The lgand{s} for FcRHS are unknown, but FoRHS has been implicated in enhanced
proliferation and downstream isotype sxpression during the development of antigen-primed B-cells
{Dement-Brown 1. e af, J Lenkoc Bin! (2012) 91:39-67). The FeRHS locus has three major mRNA
isoforms (FeRHS5g, FcRH3b, and FeRE3¢l The major FeRHS protein isoforms encoded by these

transcripts share a comumon amino ackd sequence until residhee 560, feahwing a conunon signal peptide
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and six extracelivlar Ig-ke domains. FeRH3a represents a3 759 amino acid secreted glycoprotein with
gight lg-like domains followed by 13 unique, predominantly polar amins acids at s C-lerminus.
FeRHS3b diverges from FeRISa at amine acid residus 360 and extends for a short streteh of 32
additional residues, whose hydrophobicity is compatible with itz docking o the plasma membwanevia a
(P anchor, FeRH3e is the longest isoform whose sequencs deviates from FeRHSs ot aming acid 746.
FeRHSEc encodes & 977 as type | transrnerabrane glycoprotein with nine exiracellular Ig-tvpe domains,
harboring eight potential N-linked glveosylation sites, 8 23 amino scid transmembrane, amd a 104
aming scid eviopiasmic domain with three consensus SH2 binding motifs with the ITIM consensus,

The FoRH genes are clustered together in the midst of the classical FeR genes, FovRi, FoyRIiL
FoyRHl, and FoeRY, in the 192123 region of chromosome 1, This reglon contains § of the most
frequent secondary chromosomal sboommalities associated with malignant phenotype in hematopoistic
tumors, especially in mushiple myeloma (Hatrivassiliou Gued @/, fmmunizy (20013 1427789}, FeRHS is
expressed only in the Becell Hneage, starting as carly as pre-Bocells, but doss not attsin 84l expression
unitil the mature B-cell stage. Unlike most knownother B-cellespecific surface proteins {e.g., CD20,
L1319, and CD22), FeRHS continues to be expressed in plasma cells whereas other B-cell-speeific
roarkers are downregulated (Polson AG et @l Hu fnumunel (2006) 18:1383-73). In addition, FcRHS
mRMA is overexpressed in mubtiple mycloma cell loes with 1921 abnormalities as detected by
ohigonucisotide arrays (nous b, dm J Pathol {2004} 165:71-81). The expression patiom indicates that
FeRES could be s target for antibody-based therapies for the treatroent of multiple myeloma. Multiple
myeloma is a malignaney of plasma cells characterized by skeletal lesions, renal failure, anemia, and
hypercalcemia. B is essentially incurable by current therapies. Current diig freatments for smltiple
myelona inelude combinations of the proteosome inhibitor bortezomil (Velcade), the
imuymmnernoduiator lenalidomide (Revlimid), and the stercld dexamethasone,

FeRH5¢ specific antibody-based therapies and detection methods may be particularly
gtficacious as they specifically recognize target call, membrane-associated FeRHS rather thas
antibodiss which recognize both soluble and membrane isoforme of FoRHS. However, only the last Ig-
tike domain of FCRHS (Ig-like domain 93 is unique extracellular region thal differentiates betwesn the
theee major isoforms of FeRHS, and there is significant homelogy between the Ig-bike domains within
FcRHS. Further, the kst Ig-like domain is highly conserved betwesn FoRHI, FoRH2, FeRHS, and
FeRES. Any antibody-based therapy that specifically targeted FoRES would have to have minimal
cross-reactivity with other FeRHs 10 aveid adverse otf-target effects {e.g., FcRH3J is expressed on
normal MK cellst. There is g need in the art for agents that aid in the diagnosis aod treatment of canter,
such as FclH3-associated cancer.

SUMMARY
Provided herein are anti-FeRHS antibodies inchuding bispseific antibodiss, imymunocconjugates,

and methods of using the same. Provided herein are isolated antl-FeRHS antibodies that binds an
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igeform c-specific reglon of the extraceliular domain of FeRH%¢. In some embodiments, the isoform ¢-
specific region comprises {g-like domain 9. In some embodiments, the iscform c-specific region
cotnprises amine acids 743-350 of SEQ ID NG

In some embodiments, the antibody comprises: ) a heavy chain comprising a HVR-HI
cornprising the amine acid sequence of SE [D NG:38, HVR-H2 comprising the amino acid sequence
of SEQ I3 NOn62, and HVER-H3 comprising the amine acid sequence of SEQ ID NO:E8; andiorbya
iight chain comprising 2 HVR-L1 comprising the amdne acbd sequence of SEG 1D NG:2, HVRAL2
corpprising the aming acid ssquence of SEG 1D NO: 14, and HVR-L3 comprising the amino acid
sequenes of SEG D NO26. In some smbodiments, the heavy chain conprising a HVR-HI comprising
the amino acid sequence of SEQ D N30, HVR-H2 comprising the amino acid sequence of SEQ ID
N7, and HVR-HI comprising the anunoe acid sequence of SE 1D NOG:OR,

in some embodiments, the antibody comprises: a) a heavy chain comprising 2 HYR-H1
comprising the aming actd sequence of SEQ 103 NO:38, HVR-H2 comprising the aming seid sequence
of BEQ I NOue3, and HVR-H3 comprising the amino acid sequence of SEQ ID NG:R7; and/or bl a
light chain comprising 8 HYR-L1 comprising the amino scid sequence of SEQ ID NG, HYRAL2
comprising the amino acld seguence of SEQ D NG 15, and HVR-L3 comprising the amine acid
sequence of $EQ D MNO27. In some embodiments, the heavy chaln comprising a HVR-HI comprising
the amano acid sequence of SEG 1D NG5, HVR-HZ comprising the amino acid sequence of SEQ D
MONTS, and HVERAHE comprizing the amine acid sequence of SEG I MO9S,

In some ernbodiments, the antihody comprises: 8} 8 heavy chain comprising s HVR-EHD
comprising the amine acld sequence of SEQ 1D NO:40, HVR-H2 comprising the amino acid sequence
of BE(Q I NO:64, and HYR-H3 comprising the aming acid sequence of SEQ Iy NO:8S; andforb) &
fight chain comprising a HVR-L1 comprising the amine acid sequencs of 3EQ ID NG:4, HVR-LY
comprising the amine acid sequense of 8EQ 1D NO: 16, and HVR-L3 comprising the aming acid
sequence of SEQ I NO:28. In some embodiments, the heavy chain comprising a HYR-HI comprising
the grning acid se@uemce of SEQ ID NOkSZ, HVRAH? comprising the amine acid sequence of SEQ ID
NO:76, and BYR-H3 comprising the arning scid sequence of 3EG D NO: 140,

In some ssnbodiments, the antibody comprises: a) 8 heavy chain comprising a HVR-H
comprising the amino acid sequence of SEG ID WNG:41, HVR-HZ comprising the amine acid sequencs
of SEQ 1D NO6S, and BVE-H3 comprising the amine acid sequence of SEQ ID NG:89; andior b} a
tight chain comprising 2 HYR-L1 comprising the amino acid sequence of SEQ [0 NO:S, HVR-L2
comprising the amine acid sequence of SEQ 1D NO:17, and HVR-L3 comprising the amine acid
sequence of SEQ D NOS, In some embodiments, the hesvy chain comprising o HVRE-HI comprising
the amino acid sequence of SEQ I NOS3, HVR-H? comprising the amine acid sequence of SEQ ID
N(3T7, and HVR-H3 comprising the amine acid sequence of SEQ D NGO 101
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in some embodiments, the antibody comprises: 3) a heavy chain comprising a HVR-H:
comprising the amino acid sequence of SEQ 1D KOnd2, HVR-HZ comprising the amine acid seguence
of SECG ID N(:66, and HVR-H3 comprising the amme acid sequence of 8EQ [D N80, andlor by a
Eght chain conprising s HBVR-L1 comprising the amino acid sequence of SEG ID NG, HVR-L2
comprising the amino acid sequence of SEQ 1D NO1E, and HVR-L3 comprising the amino acid
sequence of SEQ ID NO: In some embodiments, the heavy chain comprising a HVE-HI comprising
the amine acid sequence of BEQ 1D NG54, HYR-H2 comprising the aming acid sequence of SEQ 1D
NOTE, and HVR-H3 comprizing the amdoo acid sequence of BEQ I NO:102.

In some embodiments, the antibody comprises: o) a hesvy chain comprising a HVRGHI
comprising the aming acid sequsncs of SEQ 1D NO43, HVYR-HZ comprising the amino acid sequence
of SEG 3 NGO, and HVE-HY comprising the amino acid sequence of SEQ ID NO:SL; and/or by a
fight chain comprising a HYR-L1 comprizing the amine acid sequence of SEQ ID NG7, HVR.L2
comprising the amino acld sequence of SEQ I NO:19, and HVR-L3 comprising the amine acid
seguence of SEQ D NO31. In some embodiments, the heavy chain comprising a HVR-H1 conprising
the aming asid sequence of SE 0 N33, HVYR-HIZ comprising the amino acid sequence of SEQ ID
WNO: 79, and HYER-H3 comoprising the amine acid sequence of 8B 1D NO:103,

In some embodiments, the antibody comprises: 1) & heavy chain comprising a HVR-H1
comprising the amino acid ssguence of SEQ 1D NG44, HVR-H2 comprising the aminoe acid sequence
of SEQ 13 NO:SE, and HVR-H3 comprising the amino acid sequence of SEG D NOR2; and/orbla
light chain comprising 2 HVR-L1 comprising the amine acid sequence of SEQ 1D NGB, HVYR-LZ
somprising the amino acld seguence of SEG 1D NO 20, and HYER-L3 comprising the amine acid
sequence of 3EQ ID NC32, In some embodiments, the heavy chain comprising 2 HYR-HI comprising
the amino acid ssquence of SEQ 1D NO:Ss, HYR-H2 comprising the amino acid sequence of SEQ 1D
N(:RG, and HVYER-HI comprising the amine acid seguence of SEQ ID NG:104,

In some smbodiments, the antibody comprises: 8} a heavy chain comprising a HVR-H1
corprising the aming scid sequence of SEQ H3 NCR4S, HVRGHZ comprising the amine scid sequence
of SEG I NOw9, and HVYE-H3 comprising the amine acid sequence of SEQ 1D NG:93; andiorb) s
tight chain comprising a HVR-L coonprising the amino acid sequencs of BEQ 1D NG9, HVR-LZ
cormprising the amino acid sequence of SEQ I NG:21, and HYR-L3 comprising the amino acid
sequence of SEG ID K(G:33, In some embodiments, the beavy chain comprising a HVR-HI comprising
the armino acld sequence of SEQ I3 NOST, HVRV-HY comprising the amino acid sequence of SEQ ID
N(RRY, and HYE-H3 comprising the amine acid sequence of SEQ 1D NG: 185,

In soune embodiments, the antibody comprisss: 2} a heavy chain comprising g8 HVR-HI
comprising the amino acid sequence of S8R ID NOw46, HVR-H2 comprising the anunoe acid sequence
of SEQ 1D NOT0, and HVE-H3 comprising the amine seid sequence of SEQ I NG9, and/or by 2
light chain comprising a HVR-L1 comprising the amine acid sequence of SEG ID NGO, HVR-LZ

comprising the amino acid sequence of SEQ 1D NO:22, and HVR-L3 comprising the amino acid
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sequence of SEQ [0 NO34. In some embodiments, the heavy chain comprising s HYR-H1 comprising
the amine acid sequence of SR 1D NG:SE, HVR-H2 comprising the amino acid sequence of BEQ D
W82, and HYR-H3 comprising the amine acid sequence of SEC I NOI06,

I some embodiments, the antibody comprises: a) a hesvy chain comprising a HVR-HI
comprising the amine acid sequence of SEQ I RO 7, HVR-H? comprising the amino acid sequence
of SEG 2 NOTL, and HYR-H3 comprising the aming acid sequence of SEQ T NO:83; and/orbla
tight chain comprising 2 HVR-L1 comprising the amino acid sequence of SEQ ID N1, HVR-LZ
eomprising the amino acid sequence of SEQ 10 NG:23, and HVR-L3 comprising the amino acid
sequance of SEQ D MO8, In some embodiments, the heavy chaln comprising a HVR-HI comprising
the amino acid sequence of 3EQ ID N3¢, HVR-HZ comprising the amino scid sequence of SEQ [
NC83, and HYR-FI comprising the aming acid sequence of SHQ ) NO:H§7.

In sone embodiments, the antibody comprises: a) a heavy chain comprising s HVR-HI1
comnprising the aminoe acid sequence of SEQ ID N(G:48, HVR-H? comprising the amino acid seguencs
of BE I NO72, and HVR-H3 comprising the aming acid sequence of 8EQ 1D NO:88; andlor bl a
light chain comprising o HYR-L1 comprising the amino acid sequence of SEQ ID NG, HVR-L2
cormprising the aminoe acid sequence of SEQ ID NO24, and HVR-L3 comprising the amino acid
sequence of SEQ 1D NO:34. 1o stane embodiments, the heavy chain comprising « HVR-H1 comprising
the amine acid sequence of BEQ ID NCk60, HVR-H2 comprising the amine acid sequence of SEG ID
NGBS, and HVR-HI comprnising the ammo acid sequence of 8EQ 1D NO:108.

In some embodiments, the anttbody conprises: a) a heavy chain comprising a HVR-HI
comprising the amine acid sequence of SEQ 1D NG49, HVR-H2 comprising the amino acid seguencs
of BEQ [0 NGT3, and HYR-H2 comprising the amino acid sequence of SEQ D NG97; andfor bl a
light chiain comprising 2 HVR-L1 comprising the amine acid sequence of SEQ 1D NO:I13, HVRA-L2
comnprising the aming acid sequence of SEQ I NO:2S, and HVYR-L3 comprising the amine acid
sequence of SECG 1 NO:37. In some embodiments, the heavy chain comprising  HVR-HI comprising
the amine acid sequence of SEQ ID NO:61, HVR-H2 comprising the amine acid sequence of SEQ ID
NOHES, and HYR-HS comprising the amine acid sequence of SEQ ID NO:108.

In some embodiments of any of the antibodies, the antibody comprises: a) & VH sequence
having at least 85% sequence identity to the amine acid seguence of S8EQ ID NG and/or a VL
sequense having at least 95% sequence identity to the aming acid sequence of SEQ ID NG: 110 b a
VH sequence having at least 95%% sequence identity to the amine acid sequence of SEQ D NO:TL3
and/or a VL sequence having st least 5% ssquence identity to the amino acid sequence of SEG ID
NONT1E; o) 2 VH sequence having at least 35% sequence identity to the aming acid sequence of SEQ
I3 NO:11S andfor a YL sequence having at least 35% sequence identity to the amine acid sequence of
SEQ D NOe114; d) 8 VH sequence having st least 28% ssquence identity 10 the amino acid sequence
of SEQ Iy MO T andfor a VI sequence having at least 95% sequence identity 1o the amine acid

sequence of SEQ D NO1115; ) a VH sequence having at least 5% sequencs identity to the amino
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acid sequence of SEG I N9 andior a VL sequence having at least 93% sequence iderdity to the
amine acid sequensce of SEQ 1D MNO:118; £) a VH sequsnce having at least 95% sequence identily to the
amine acid sequence of 3B I5 NO:121 anddor 3 VL sequence having at least 85% sequence identity to
the amine acid sequence of SEQ I3 N1 2G; g) s VH soquence having at least 95%6 sequence identity
o the aminoe acid sequence of S3EQ I NO:123 and/or 2 VL sequence having at least 95% sequence
ideniity 1o the amino acid sequence of SEG ID NG:122; 1) a VH sequence having at least 5%
sequence identity 1o the aming acid sequence of SEQ 13 NO:123 and/or a VL sequence having at least
059 sequence idendily to the amino acld sequence of SEQ ID NG:124; 1) a VH ssquence having at least
93% seguence identity to the amino acid sequence of SEQ 1D NO:127 andfor a VL sequence having at
least 85% sequence identity to the amino acid sequence of 8EQ 1D NG: 126, 1) a VH sequence having
at least 95% sequence identity to the amine acid sequence of 8B I NO:129 and/or a VL sequence
having at least 95% sequence identity (o the amine acid sequence of SEQ I NCG:128, K e VH
seguiencs having at least 5% sequence identity to the amino acid sequence of SEQ 1D NO:13 andfor 2
V1 sequence having at least 939 seguence identity to the amino acid sequence of SEQ I NG:130: 1) a
YH sequence having at least 95% sequence identity o the amino acid sequence of SEG 1D NG:133
and/or a VL sequence having at least 5% sequence identily to the aming acid seguencs of SEQ ID

NG 132; or 8 VH sequence having at least 95% sequence identity to the amino acid sequence of SEQ
1D NGI33 andfor 2 VL sequence having st feast 3% seguence identity to the amine acid sequence of
SEG ) NO:134.

in some embodiments of any of the antibodics, the antibody comprises: 8} a VH seguence of
SEQ ID NO: T and/or a VL sequence of SEQ I3 NG, b) & VH sequence of SEG ID NO:113
andfor a VL sequence of SEQ 1D MO112; o) 2 VH sequence of SEQ I3 NO11S and/or a VI sequence
of SEQ I M1 14; d) a VH sequence of SEQ D ROLTY and/or a VL segquence of SEQ ID KOi116;
g} a VH sequence of S5EQ 2 NO:119 andfor 8 VL sequence of SEQ ID NOLTIR; £ a VH sequence of
SEC ID N:121 andior 3 VL sequence of SEQ ID NG 120, g) 2 VH sequence of SEQ ID NCH123
andfor a VL sequence of SEG ID NO:122; b & VH sequence of SEQ 3 NO2S and/or a YV seguence
of SEQ ID NO:1124; 13 a VH sequence of SEQ I MO127 andior a VL sequence of SEQ I3 NOI124; 1)
a VH seguence of SEQ 1D NOU129 andfor a VL sequence of BEQ ID NO128; k) a VH sequence of
SEG ID N3 andior 2 VL sequisnes of SEQ ID NCH130; 1) a VH sequence of SEQ ID WG: 133
andfor a VL sequence of 8EQ D NOR132, or m) a VH sequence of SEQ 1D NO213S andfor a VI
seguence of 8EQ D NG,

In some embodiments of any of the antibodies, the antibody is a monoclonal antibody. In some
embodiments of any of the antibodiss, the antibody is 8 human, humanized, or chimeric antibody. In
some embodiments of any of the anthodies, the annbody is an antibody fragmoent that binds FeRHS In
somie emnbodiments of any of the antibodies, the antibody 15 ap IgGl, 1gG2a or [pG2h antibody.

In some smbodiments of any of the antibodies, the antibody has one or more of the following

characteristics: a} cross reactive with fudl length human and cyne FeRHS, b} does not cross react with

6
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FeRHI, FeRE2Z, FeRH3, and/or FeRH4, ) binds 0 endogenous FeRHS, d) does not cross react with
FeRHSa, aod ¢} dogs not cross react with another [p-like domain of FeRHS,
In some embodiments of any of the antibodies, the antibody s 2 bispecific antibody. In some

sinbodiments, the bispecific antibody binds FoRHS and CD3,

i

In some embodiments, an isclated nucleis acid that encodes an antibody deseribed herein is
provided. In some embodiments, a host cell comprising the nucleie acid is provided. In some
ermbodiments, s method of producing an antibody described herein is provided. In some embodiments,
the method comprises culturing the host cell comprising the muclele acid that encodes an antibody.
In some endbodiments, immmumoconjugates are provided. In some embodiments, an
10 imrnunoconjugste comprises an anti-FoBHS antibody and a eyvtotoxic agent. In some embodiments, the
anti-FelRH3 antibody binds an isoform o-specific region of the extracebiular domain of FoRHSe. In
some smbodiments, the ant-FeBHS aniibodies binds Ig-like domain ¢ of FelkH5¢, In some
embodiments, an immunoconjugate has the formula Ab-{L-I3p, wherein: (a) Ab is an antibody
deseribad herein; () L s a linker; (2} D is a drug selecied from a maviansinoid, an auristatin, 8

153 calicheamicin, & pyrrolobenzodiazeping, and a nemorebicin derivative; and (4} p rangss from 1-8. In

some embodiments, I is an auristatin. In sorne such embodiments, T has formula U

3 7 2 B
SUDSNYSY
g \\'\N/ \\. | d \;/ \(:\/ \\N . r//\ ey T/’ N S {, e, Y/‘N\ﬁ“iﬁ
2 6 ROR ps ogs g S B,

wheretn &' and R® are sach methyl, B and RY are each isopropyl, R® iz H, B is sec-butyl, each R® is
20 independenily selected from CHs, O-CH,, OH, and H; 8° is H; and B 5 -C(R¥)-CRBparvl. In some

smbodiments, 3 is MMAR having the simcture:

. e s A
"R Y S g Z TR
"‘j .. ~ ,Nu f’ii"\ N ------- p g /j\\ - N\' o 1\\1/ Q}‘\

?‘\j e ;‘,‘E‘,« Ny" \g"/’\\\‘f‘// I \” \éf
6 6o 0. © o

In some smbodimenis, I3 is a pyrrolobenzndiazepine of Formula A

Y
; L
Rlig .5313 [ QR”
e B - .}\ X R - N h“"‘-(/

H% // ™. //{,’/ e \R”/ ~ ,/ T e \\ "

g \.rffi_
TN i Py
13 N PN A ol s

AL e SN e Sl
th \\_::/e' \‘} i’ \\:; Pl r?
b R1U RU Q [x;

25 wherein the dotied lines indicate the optional presence of & double bond between 1 and 02 or €2 and

C3; B is independently selected from H, OH, =0, =CH,, CN, R, OB, =CH-R®, =C(RrP),, 0-80,-R,

)
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COR and COR, and optionally further selected from halo or dihalo, wherein R is independently
seleated from R, COuR, COR, CHD, COH, and hale; R and RY are independently selected from H, B,
CH, OR, 8K, 3R, NH,, NHR, NRR’, NO», Me:Snand halo; ' 5 independently selected from H, B,
OH, OR, SH, SR, WH,, NHE, NRR", Ny, Me;Bn and hale; (@ is independently selecied from O, S and
WNH: R s sither H, or B or, where 15 0, 8OM, where M is g melal cation; § and B are each

in

independently selected from optionally substitwed C, g alkyl, Cps alkyl, Cop heterocyelyl, Caae
heteroeyelyl, and Cs arvl groups, and optionally in relation o the group NRR, R and B’ together
with the nitrogen stom (o which they are attached form an optionally substitted 4-, 3-, 6- o
7-membered heterocyelic ring; R'% R R and BY are as defined for B, R, B” and R respestively;
10 R"is a Gy alkylene group, which chain may be interrupted by one or more heteroatoms and/or
aromatic rings that are optionally substimuted; and X and X are mdependently selected from O, § and

MH). I some such embodiments, D is

“g\
/\ w\/{» ,}/\
+ ,i( N . \,/
B
/,4\\ % QM& OMa \/t*\
wherginn s Gor 1,
15 In some smbodiments, 3 is 3 nemornibicin derivative, In some embodiments, D has s structure

selected from:

; and
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In some embodiments, an meauneconjugate comprises 3 Hnker that is cleavable by 3 protease.
In som snbodiments, the linker comprises a val-cit dipeptide or & Phe-homoLys dipeptide. In some
ernbodiments, an nmonoconjugate comprises a lnker that is acid-labile. In some such smbodiments,
the linker comprises hydrazone,

In some endbodiments, an bomwuneconjugate hag a formula selected from:
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wherein S is a sulfur atom;
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in some embodiments, pharmaceutical formulations are provided. In some such embodiments,
# pharmaceutical formulation comprises an inununoconjugate comprising an antibody that binds
FoREES, e.g., 85 described herstn. In some embodiments,; the anti-PeRES antdbody binds an isoform ¢
specific region of the extracstular domain of FeBHSe. In some embodiments, the anti-FeRHS
antibodies binds Ig-like domain 9 of FeRHSc. In some smbodiments, a pharmaceutica! formulation
further comprises an sdditional therapeutic agent.

in some embodiments, methods of treating individuals having FeRHS {e.g., FeRHSch-positive
cancars are provided. In some such embodiraents, 2 method comprises administoring a pharmaceutical
formaulation comprising an inumimoconiugale comprising an antihody that binds FeRHS andlor an
FeRHS bispecific antibody, e.g., as described hersin. In some embodiments, the FeRHS bispecific
antibody comprises an FoRHS binding arm and a CD3 binding arm. In some embodiments, the anti-
FeRHS gneibody binds an {soforrn c-speeific region of the souraceliular domain of FeRHSe. In some
embodimenis, the anti-FCRHS antibedies binds {g-like domain 8 of FeRHS¢. In some embodimsnts, the
FoRHS-positive cancer is 2 B-cell proliferative disorder. In some smbodiments, the FeRHS-positive
cancer is plasra cell neoplasm. In some embodimenids, the plasma cell neoplasm s multiple myeloma,
in some embodiroents, a method comprises administering an additional therapeutic agent o the
individual.

In some embodiments, methods of inhibiting prohiferation of an FeRHS {e. g, FeRHS¢-positive
cell are provided. In some embodiments, the method comprising exposing the eell o an
immunoconjugate comprising an anfibody that binds FeRHS and/or an FoRHS bispecific sntibody
under conditions permissive for binding of the antibody to FeRIS on the surface of the cell, In soms
embodiments, the FeRHS bispecific antibody compriscs an FCRHS binding arm and a CD3 binding
arm In some embodimenis, the anti-FoRHS antibody binds an isoform c-specific region of the
extraceilnlar domain of FeRHSc. In some embodiunents, the anti-FeRHS antibodies hinds Ig-iike
domain 9 of FoRHSc. In some embodiments, the antibody that binds FeRHS is an antibody describad
herein, In some embodiments, the FeRMS-positive cancer iz g B-cell proliferative disorder. In some
ernboediments, the FeRES positive cancer is plasma cell neoplasm. In some embodiments, the plasma
cell peoplasm is mubtiple roveloma. Insome embodiments, a method comprises adiministering an
additional therapsutic agant 4 the individual.

In some embodiments, an antibody that binds FeRHS s conjugated to a label In some
cmbodiments, the anti-FeRHS antibody binds an isoform o-specific region of the extracellular domain
of FeRH3¢. In some embodiments, the anti-FoBHS antibodies binds Ig-like domain 9 of FeRHS2. In
sorne embodunsents, the antibody that binds FoRES 15 an antibody described hersin. In some
embodiments, the label is a positron emitier. In some embodiments, the positron emitter is ©'Zr.

In some embodiments, a method of detecting human FoRHS in a binlogical sample 15 provided.
in some embodiments, g method comprises contacting the binlogical sample with an anti-FeRHS

gntibody under conditions permissive for binding of the antl-FcRIS antibody o 2 naturally scourmnng
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fusrnan FeRHS, and detscting whether g complex is formed between the antd-FeRHS antibody and a
naturally occurring human FeBHS in the bivlogical sample. In some ernbodiments, the anti-FeRHS
antibody binds an tsoform c-specific region of the extracethslar domain of FeRH3¢. In some
embodiments, the anti-FeRH3 antibodies binds Ig-like domain % of FeRHSc. In some embodiments, the
anti-FoRHS antibody is an antibody described herein,

In some smbodiments, 3 method for detecting an FeRHS-positive cancer 1s provided. In soms
such embodiments, a method comprises {1} adminisiering a labeled anti-FeRHS antibody to a subjest
having or suspected of having an FeRHS-positive cancer, and (1) detecting the labeled antd-FeRHS
antibody in the subject, wherein detection of the labeled anti-FoRHS antibody indicates an FoRHS-
pasitive cancer in the subject, In some embodiments, the anth-FeRHS antibady binds an isoform ¢-
spocific rogion of the extracellular domain of FeRESe, In some embodiments, the anti-FeRHS
antibodigs binds Ig-hike domain 9 of FeRHS¢. In some embodiments, an anti-FeREES antibody i3 an

artibody described herein.

BRIEF DESCRIPTION OF THE FIGURES

Fi3. 1{A} depicts the three major iscforms of FoRHS, FeRHSs (IRTAZs; UniProt Identifier
GOsRDG-3), FeRMSh (IRTAZD; UniProt Fdentiflier QB6RIN.4), and FeRMSe (IRTAZ:; UniProt
Identifier Q96RI%-1). The Ig-iike domains sre numbered and correspond to the amine acid sequence of
UniProt [dentifier Q69RDG-1 (8EQ ID MO Y Ig-like domsin § {sa ("amino acid™} 23-100), Ig-like
domain 2 {aa 1058-185), Ig-like doroain 3 {aa 188-271), Ig-like domain 4 (287373}, Ig-like domain 5
{aa 330-468}, Ip-like domain 6 {aa 490-3535), Ig-like domain 7 {aa 568-852), Ig-lke domain & (as 658-
7313, and Ig-Hike domain 9 {as 754-835), FIG. 1{B) depicts part of FeRHS {(8EQ 1D MO:1346) and the
structure and bomelogy of FeRHS amine acids 735 10 877 of FeRHSc (SEQ D NG,

FIG. 2 shows binding of FeRHS antibodies o SVT2 cells transfecied with (A} nenan FoRHS
ard {8} oyno FoRES, 1w different concentrations.

FIG. 3 shows binding of FoRHS antibodies to (A) EIM cells or (B OPM2 cells transfected
with human FeRES, and binding of subclone supematants {C) SAI0, (D) SFLY, (B) 3G7.1, and ()
50322 to MOLP? cells which express FeRHS endogencushy,

FIG. 4 shows {A) binding of FeRHS subclone supernatants to 293 cells transfected with WT or
{8} mutant FeRH3 with deletion of 4 membrane proximal extracellular domains.

FI3. 5 shews binding of {A) the FcRHS antibodies to FoRH3a by ELISA, and (B} binding of
subclons supernatants o lnman B cells.

FIG. 6 shows binding of FeRHS subclone supernstants to SVT2 cells transfected with (A
FoRHI, (B FeRHZ, (C) FolRH3, or (D) FeRH4

FIG. 7 shows the binding of FeRHS antibody subcione superatants io NK celis,

FEG. & shows (A) killing activity of FeRHS bisFabs, FeRHS-TDE {clone 19AR) and (B) HERZ-
TR and (C) killing activity of FeRM3-bisFabs and (83 FeRESTDBs on FeRHS transfected 293 cells.

£3



()

1G

ot
W

28

38

[
in

CA 02915480 2015-12-14

WO 2014/210064 PCT/US2014/043952

FIG. 9 shows {A) killing asctivity and {8) T-cell activation of FcRHS bisFabs and FeRHS-
TREs on MOLE-2 cells,

DETALLED DESCRIPTION
i# DEFINITIONS

The term “FeRHS,” as used herein, refers to any native, matire FoRH3 which resulis from
processing of an FeRHS precursor protein in a cell. The term includes FeRHES from any vertebrate
source, including mammals such as primates (e.g. humans and cynomolgus monkeys) and rodents {e.g.,
mice and rats), unless otherwise indicated. The term also Includes naturally ccourring variants of
FoRES, e.g., sphee variants or alielic variants. In some embodiments, the amino acid sequences hunnan
FeRHS protems s FeRHSa (RTAZs; UniProt Identifier QR6RIG-3; 759 aa), FoRESh IRTAZY;
UniProt identifier Q%8RI0-4; 592 sa), FoRHSe (IRTAZe; UniProl Identifier Q96RDS-1; 977 aa (BEQ
B MNGi1 s, UniProt Kentifier Q96RD9-2 (124 aa), sndfor FeRHS4 {(IRTA2d; UniProt Identifier
(QORIIG.3; 152 aa).

The term “glycosylated forms of FeRHSY refers to naturally oocurring forms of FeRHS that are
posi-transiationally modified by the addition of carbohyidrate residues,

*Percent (%6} amino acid seguence identity™ with respect to a reference polypeptide sequence is
defined a3 the percentage of amine acid residues in a candidate sequence that are identical with the
amnino acid residuss in the reference polypeptide seguencs, after aligning the sequences and introducing
gaps, if necsssary, to achiove the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Alignment for purposses of determining
percont amino acid sequence identity can be achieved m various ways that are within the skill in the art,
for instance, using publicly available cornputer software such as BLAST, BLAST-2, ALIGN or
Megaiign (DMASTAR) softwars. Those skilled in the art can determine appropriate parameters for
aligning sequences, including any algorithms needed to achieve maximal alignment over the full length
of the ssquences being compared. For purposes herein, however, % amine acid seguence identity values
are generated using the sequence comparison computer program ALIGN-2, The ALIGN-2 sequence
comparisen compuier program was authored by Genentech, Ine., and the source code has been filed
with user decursendation in the U5, Copyright Office, Washington D.C., 20359, where it 15 registered
under U8, Copyright Registration No. TXUSIO0B7. The ALIGN-2 program is publicly available from
Genentech, Inc., Bouth San Franciseo, California, or may be compiled from the sourcs code. The
ALEIN-2 program should be compiled for use on a UNIX operating svstem, including digite! UNIX
V400, All sequence comparison parameters are set by the ALIGN-Z program and do not vary.

I siteations where ALIGN-2 is emploved for aming acid sequence comparisons, the %% amine
acid sequence identity of a given amine acid sequence A o, with, or against a given amino acid

sl

sequence B (which can alternatively be phrased as a given amino acid sequence A that kag or comprises
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a ceriain % snino acid sequence identity to, with, or against a given amine acid sequence Bl is
calvulated as follows:

100 times the fraction X/Ywhere X is the number of amine acid residues scored as identical
matches by the ssquence alignment program ALIGN-Z in that program’s alignment of A and B, and
where Y is the total nuimber of amdno acid residues in B, It will be appreciated that whers the length of
aming acid sequence A is not equal 1o the lengih of amino acid sequence B, the % amine acid sequence
identity of A to B will aof sgual the % amino acid sequence identity of B o A. Unless specifically
stated otherwise, ail % aming acid sequence identity values used hereln are obtained as described in the
unmediately preceding paragraph using the ALIGN-Z computer program.

The terms “ami-FoRHS antibody”™ and “an antibody that binds to FeRHS” refer to an sntibody
that is capable of binding FoRHS with sufficient affinity such that the antibody 15 usefud as a diagnostic
andfor therspeutis agent in targeting FCRHS. In one embodiment, the extent of binding of an anti-
FeRHS antibody to an welated, non-FeRHS protein is less than about 18% of the binding of the
antibody to FeRHS as messured, 2.g., by g radicimununcassay {RIA). In certain embodiments, an
antibody that binds o FcRHES has a dissociation constant {Kd) of < 1pb, S 100 1M, £ 10 aM, |, 5 Nm,
,S4nM,, 23, , 22 aM <M, =01 oM, 081 oM, or <0.801 M (e g, 107 M or fess, €5
from 10" Mo 107 M, & 2., from PO M to 1077 M), Yo certain embodiments, sn snt-FeRHS antibody
hinds 1o an epitope of FoRHS that 1s conserved among FeRHS from different species. In some
emibodiments, the anti-FeRHS antibody binds an isoform ¢-specific region of the extracelivlar domain
of FcBH5c. In soroe embodiments, the anti-FeRHS antibodies binds Ig-like domain 8 of FcRH5c.

The term “antibody™ {s used herein in the broadest sevise and encompasses various antibody
structures, ineluding bt not Hmited 1o moneclonal antibodiss, polyelonal antibodies, multispecific
antibodies {e.2., bispecific antibodies), and antibody fragments so long as they exhibit the desired
antigen-binding activity.

An “anttbody fragment” refers 1o g molecule other than an intact antibody that corprises &
portion of an intact antibody and that binds the antigen 1o which the intect sotibody binds, Examples of
antibody fragments include but are not Hmited to Py, Fab, Fab', Fab’-8H, F{ab",; diabodies; linear
antibodies; single-chain antibody molecules {e g, soFv); and mubiispecific antibodies formed from
antibody fragmsnts,

The ter “epitope” refers to the particular site on an antigen moleculs to which an antibody
binds.

An “antibody that binds to the same epitops” as g reference antlbody refers to an antibody thet
blocks binding of the reference antibody 1o its sntigen in 8 competition assay by 50% or more, and
conversely, the reference antibody blocks binding of the sntibody 1o its antigen in s competition assay
by 58% or more. An exemplary competition assay is provided hersin,

The terro “monoclonal antibody” as used herein refers to an antibody obiained froma

population of substantially homogeneous anttbodies, .2, the individual antboedies comprising the
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population are idendeal and/or bind the same epltope, except for possible variam antibodiss, e g,
containing naturally ocourring nustations or arising during production of & monocloenal antibody
preparation, such varients generally being present in minos amounds, In conirast (o polyelonal antibody
preparations, which typically include different anttbodies dirccted against different determunants
{gpitopss), each monoclonal antibody of 2 monoclonal antibody preparation is divected against a single
determinant on an antigen. Thus, the modifier “monoclonal” indicates the character of the antibody as
being obtained from o substantially homogensous population of antibodies, and is not {0 be construed
as requiring production of the antibody by any particular method. For example, the monoclonal
antibodizs o be used in accordance with the presend invention may be made by a variety of techniquss,
inchuding but not mited to the hybridoma method, recombinant DNA methods, phage-display
methods, and methods wtilizing transgenic snimals contaming all or part of the human immunoglobulin
loci, such methods and other exemplary methods for making monoslonal antibodies being described
herein,

The terms “full length antibody,” “intact antibody,” and “whole antibody™ are used hereln
interchangeably 1o refer to an antibody having a structure substantially similar to 2 native antibody
structurs or having heavy chains that contain an Fe region as defined hersin,

A “naked antibody™ refers o an antibody that is not conjugated to a heterclogous moisty {e.g,
a oytodoxic moiety} or radislabel. The naked antibody may be present in a pharmacsubical formulation.

“Mative antibodies” refer to naturally cecurring immuenoglobulin molecoles with varying
structures, For example, native IgG antibodies are heterotetrameric ghycoproteins of about 150,000
dabons, composed of two identical light chains and two identical heavy chains that are disuifide-
bonded, From N- to C-terminus, cach heavy chain has a variable region {VH), also called 4 variable
heavy domain or & heavy chain varisble domain, followed by three constant domains {CHY, CHZ, and
CH3) Similarly, from N- 1o CHterminus, cach light chain has a variable region (VL) also calied a
variahle Hght domain or 2 light chain varisble domain, followed by a constant light (CL} domain. The
light chain of an aotibody may be assigned 1o one of two types, called kappa (&) and lambda (1), based
on the amino acid sequence of its constant domain,

The term “chimeric” antibody refers io an antibody in which a portion of the heavy andfor Hght
chain is derived from a panticular source or apecies, while the remainder of the beavy and/or Hight chain
is derived from a different source or speciss.

A “human antibody” {5 ong which possesses an amino acid sequence which corresponds to that
of an antibody produced by a human or 8 human cell or derived from a non-human sourcs that utilizes
human antibody reperioires or other human antibody-envoding sequences, This definition of & human
antibody specifically excludes a humanized antibody coraprising non-hemen antigen-binding residues,

A “humanized” antibody refers to 8 chimeric antbody comprising amino acid residuss from
non-human HYRs and smino acid residues from human FRs. In certain embodiments, a humanized

antibady will comprise substantially all of at least one, and typically two, variable domains, in which all
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or substantislly sll of the HVRs {e.g., CDRs) correspond o those of 3 non-human antibody, and all or
substantially all of the FRs corrsspond o those of 2 luuman antibody. A humanized antibody optionally
may comprise at lsast a portion of an antibody constant region derived from g humsn antibody. A
“humanized formt” of au antibody, e.g., a non-human antibody, refers to an antibody that has undergone
huroanization,

The “class” of an antibody refers to the type of constant domain or constant region possessed
by its beavy chain. There are five major vlasses of antibodies: IgA, IgD, IgE, 1gG, and IgM, and several
of these may be further divided into subclasses {isotypes}, e.g, InG,, 1e5,, 16Gy, 186G, IgA,, and Igh,,
The heavy chain constant dowmaing that corespond to the different classes of bomunogiobuling are
called @, &, &, v, and p, respectively,

The term “Fo region™ herein is used o define s C-terminal reglon of an immunoglobulin heavy
chain that contains st least & portion of the constant region. The term includes native sequence Fo
regions and variant Fe regions. In one embodiment, a human 1g€¥ heavy chain Fo region extends from
Cys226, or from Pro238, to the carboxyl-terminus of the heavy chain, However, the C-terminal fysine
{Lys447) of the Fo region may or may not be present, Unless otherwise specified herein, numbering of
aming acid residuss in the Fo region or constant region is according to the BU numbering system, also
called the BU index, as described in Kabat ef al, Sequences of Proteins of Immunclogical inierest, 5th
Ed. Public Health Service, Mational Institutes of Health, Bethesda, M, 1991,

The terro “varisble region” or “variable domain™ refers 10 the domain of an antibody heavy or
tight chain that is invelved in binding the antibody to antigen. The vadable domains of the heavy chain
and Light chain (VH and V1, respectively) of a native antibody gengrally have similar structures, with
sach domain comprising four conserved framework reglons (FRs) and thres hypervariable regions
(HYRs). {See, e.g., Kindt ef al. Kuby Iamunoiogy, 6 ed., W H, Freeman and Co., page 91 {20073 A
single VH or VL domain may be sufficient to confer antigen-binding specificity. Furthermore,
antibodies that bind a particulsr antigen may be solated using &2 YH or VL domain from an antibody
that binds the antigen 1o screen 8 lbrary of complementary VL or VH domains, respectively. See, e.g.,
Poriolanc ef af., . fronunol, 150:880-887 (1993); Clarkson ef gf., Natwre 352:624-628 {19814

“Framnework” or “FR” refers to variable domain residuss other than hypervariable region
(YR} residucs. The FR of a variable domain generally consists of four FR domains: FR1, FR2, FR3,
and FR4. Acvcordingly, the HVR and FR sequences gensrally appear in the following ssquence in VH
{or VL) FRI-HI(LIW-FRZ-H2(L 25 FRAH3{L3)-FRY.

A Mhusman consensus famework™ is a2 framework which represents the most commonly
ocowrring aming acld residues in 2 selection of human tomunoglobulin VL or VH framework
ssquences. Generally, the selection of human mmunogiobulin VL or VH sequences is from a subgroup
of variable dornain ssquences, Generally, the subgroup of sequences is 8 subgroup as in Kabat o af.,

Sequences of Proteing of Immunvlogical Interest, Fitth Edition, NIH Publication 91-3242, Bethesda



L

10

[y
(93

CA 02915480 2015-12-14

WO 2014/210064 PCT/US2014/043952

MID (1991}, vols, 1-3. In one embodiment, for the VL, the subgroup is subgroup kapps [ as in Kabst o7
af., supra. In ong embodiment, for the YVH, the subgroup 15 subgroup I as in Kabat of ¢l supra.

The term “hypervariable region”™ or "HVR,” as used herein, refers to each of the reglons of an
antibody variable domain which are hypervariable in sequence andfor form strusturally defined loops
{“hypervarisble loops™}). Generally, native four-chain antibodies comprise six HVRSs; three in the VH
{F1i, H2, H3), and three in the VL (L1, L2, 1.3}, HVRs generally comprise amine acid residues from the
hypervariable loops and/or from the “complomentarity determining regions”™ ({CDRs), the latter being of
highest sequence variability and/or tnvolved in antigen recognition. Exemplary hiypervariable loops
ooour af aminge acid residues 26-32 (L1}, 30-82 (L2, ¢1-96 (1.3}, 26-32 (M), 53-85 (312}, and 96-1{1
{H3) (Chothia and Lesk, J Adol Biod 106:801-917 {1987} Exemplary CDRs (CDR-L1, CDR-L2,
COR-L3, CRR-HI, CDER-HZ, and CDR-H3) occur at amino acid residues 24-34 of L1, 50-35 of L2, §%-
97 of L3, 31-358 of H1, 50-65 of 12, and 93-102 of H3. (Kabat ¢! ol Sequences of Proteins of
Tmmunlogival Interest, 5th Bd. Public Health Service, National Institutes of Health, Bethesda, MD
{19913} With the exception of CDRI in VH, CDRs generally comprise the amino acid residues that
form the hypervariable loops. CDRs also comprise “specificity determining residues,” or “SDRs,”
which are residues that contact antigen. SDEs are contained within regions of the CTDRs called
abbreviated-CDRs, or a-CDRs. Exernplary a-CDORs (a-CDR-LL, 2-CDRAL2, 2-CBR-LE, 5-CDR.HY, 8-
CDRE-HZ, sod a-CDR-H3Y occur at amino acid residues 31-34 of L1, 30-33 of L2, 89-26 of 1.3, 31338
of H1, 5G-38 of HZ, and 95-102 of H3. (See Almagre and Fransson, Front, Bioscl, 13:1619-1633
{20083, Unless otherwise indicated, HVR residues and other residues in the variable domain {e.g, FR
residuss) are numbersd herein sccording o Kabat or of, supra.

An “acceptor human framewaork” for the purposss herein is a famework eomprising the amine
acid sequence of g lght chain variable domain (V1L} framework or a heavy chain variable domain (VH)
framework derived from 3 human inwnunogliobulin framework or a human consensus framework, as
defined Below. An scoeptor humean framework “derived from™ 2 human immunoglobulin Samework or
a buman consensus framework may comprise the same amning scid sequence thereof, or it may contain
aming acid seguence changes. In some embodiments, the number of amane acid changss are 10 or less,
S oy less, & or less, 7 or less, & or less, 5 or less, 4 or less, 3 or less, or 2 or less. In some embodiments,
the VL acoeptor buman framework is identical in sequence 1o the VL human imnunogiobulin
framework seguence or human consensus framework ssguence.

“Affinity” refers to the strength of the sum tofal of noncovalent inferactions between g single
binding site of a molecule {e.g., an antibody) and its binding pariner {e.g., an antigen), Unless indicated
otherwise, as used hereln, “binding a{ffindty” refers to ntrinsic binding affinity which refleciz a 111
interaction betwesn members of @ binding pair {e g., antibody and antigen}. The affinity of a moelecule
¥ for ks partner Y can generally be represented by the dissociation constant {Kd). Affinity can be
measured by common methods known in the ant, including thoge described herein, Specific iihustrative

and sremplary embodirents for meaneing binding #ffinity are desertbed in the following,

i%



[

10

BN
(%3]

CA 02915480 2015-12-14

WO 2014/210064 PCT/US2014/043952

An “affinity matured” antibody refers t© an antibody with one or mors alterations in one or
more hypervariable regions (HVRs), compared to a parent antibody which does not possess such
alterations, such sherations resulting m an mprovement i the affinity of the antibody for antigen,

An “invounoconjugate” is an antibody conjugated (o one or more heterologous molecule(s),
meheding but not imited (o a cvictoxic agent,

The term “cytotoxic agent” a5 used herein refers to g substance that inhibits or prevenis a
cellular function and/or causes ceil death or destruction, Cytotoxic agents include, but are not limited
to, radicactive isotopes (e, AT, 170 I8, v Re™ R am!®, BEY, P, PR and radioactive
isotopes of Lu); chemotherapeutic agents or drugs {e.g., methotrexate, adriamicin, vinca alkaloids
{vincristing, vinblasting, stoposide), doxorubicin, melphalan, mitomycin O, chiorambucil, daunoruibicin
or ather intercalating agenis); growth inhibitory agents; enzvmes and fragments thereof such as
aucleclytic sneymss; antibiotics; toxing such ag small molecule toxing or enzymatically active toxing of
bacterial, fngal, plant or animal origin, including fragments and/or varianis thereof, and the various
antitumor or anticancer ageots disclosed below.

“Effector functions” refer to those biojogical activities attributabie to the Fo region of an
antibody, which vary with the antibody isotyps. Examples of sntibody effector functions include: Clg
binding and complement depandent cytotoxicity {CDCY; Fo receptor binding antibody-dependent cell-
mediated cyiotoxicity (ADCC), phagooytosis; down regulation of cell surface receptors {e.g. B-cell
recepior); and B-cell activation.

Axn “isolated antibody™ is ong which bas besn separated from a component of its natursl
envirenment. In some embodiments, an antibody is purified to greater than 98% or 99% purity as
deternrined by, for example, clectrophoretic (e.g, SDR-PAGE, isoclectric focusing {IBF), capillary
slectrophoresis) or chromeatographic {e.2., jon exchange or revarse phase FFLC). For review of
methods for assessment of antibody purity, see, e g, Flatman ef of | J Chromatogr. B 848:79-87
{2007,

A “isolated nuclele acitd” refers to 8 nucleic acid molscule that hes been separated from a
component of its natural environment. An iselated nucleic acid inchudes a nucleic acid molecule
contained in cells that ordinarily contain the nucleic acid molecule, but the nucleic acid molecule is
present extrachyomosomally or at g chromosomal location that is different from its natural
chromosomal location,

“Isolated nucleic acid encoding an anti-FoRHS antibody” refers to one or more nucleis acid
molecules encoding antibody heavy and light chaing {or fragiments thereof), inchuding such mecleic acid
molecolefs) in 8 single vector or separate vectors, and auch nueleic acid molecule(s) present at tne or
mare locations in a bost cell

The term "vector,” as used herein, refers to & nucleic acid molecule capable of propagating
another nucleic acid to which it is linked. The term includes the vector as o self-replicsting nucleic acid

structure a3 wall as the vecior incorporated into the genome of a host cell into which it has been
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mtroduced. Certaln vectors are capable of dirgeting the sxpression of nucleis acids to which they are
epsratively Hnked. Such vectors are referved to herein as “expression vectors.”

The terms “host gell,” “host cell line,” and “host cell eulture” are used interchangeably and
refer to cells into which exogencus nucleic acid has been introduced, including the progeny of such
ceils. Host cells include "transformants” and "transformad cells,” which inchude the primary
sransformed cell and progeny derived therefrom without regard to the number of passages. Progeny
may not be completely identical in nucleic acid content {o @ parent coll, but mey contain mutstions,
Mutant progeny that have the same function or biological activity as screened or selected for in the
sriginally transformed cell are included herein.

As used hersin, “treatment” {and gramamatical variations thersof{ such as “treat™ or “traating’™}
refers to clinical indervention in an atternpt to alter the patoral course of the ndividus! being treated,
and can be performed stther for prophyiaxis or during the course of clinies! pathology. Desirable effects
of treatmend include, but are not limdied to, preventing occurrence or recurrence of disease, alleviation
of symptoms, dininishiment of any divect or indirect patholegical consequences of the diseass,
preventing metastasis, decreasing the rate of disease progression, amelioration or palliation of the
disease state, and remission or improved prognosis. In some embodiments, antibodies provided herein
are used o delay development of g disease or w0 slow the progression of a disesse,

The terms “cancer” and “cancercus” refer (o or dessribe the physiological condition in
marnmals that is typically characterized by unregulated cell growth/proliferation. Examples of cancer
inchude, bt are not Hmited to, carcinoms, lymphomas {e.g., Hodgkin’s and non-Hodgkin's lymphoma},
blastoma, sarcoma, and leukermia, More particular examples of such cancers inclhude sqguamons cell
cancer, smab~cell hing cancer, non-small cell lung cancer, adenocarcinoma of the Jung, squamous
carcinoma of the hung, cancer of the peritoneum, hepatocellular cancer, gastrointestingl cancer,
pancreatic caneer, glioms, cervical cancer, ovarian cancer, hver cancer, biadder cancer, hepatoma,
breast cancer, colon cancer, colorectal cancer, small intestine cancer, endometrial or uterine carcinoma,
sabivary gland carcinoma, kidney cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma, leukemia and other lymphoproliferative disorders, and various iypes of head and
neck cancer.

A "B-cell malignaney” herein includes non-Hodgha's lymphoma (NHL), including low
grade/follicular NHYL., small lyrophoeytic (81} NHL, intermediate grade/follicnlar NHE, intermediate
grade diffuse NHL, high grade tmenuncblastic KHL, high grade lymphoblastic NHL, high grade small
non-cleaved cell NHEL, bulky disease MHL, mantle cell lymphomes, ATDSrelated bymphoma, and
Waldenstrom's Macroglobulinemia, non-Hodgkin's lymphoms (NHL), lymphocoyie predominant
Hodgkin's disease {LPHD), soall bymphocyiic Iymphoms (BLL), chronic ymophacytic leukemia (CLL),
indolent NHL including relapsed indolent NHL and rifuximab-refraciory indolent NHL: leukemia,
mctuding acute lymphoblastic leokemia (ALL), chronie lymphocytic leukemis (CLL), Hairy cell

teukemis, chronic myeloblastic leukemia; mantie cell lymphoma; and other hematologic malignancies,
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Such malignancies may be treated with antibodies directed against Becell surface markers, such as
FcRHS (e.p., FeRHSe). Such disesses are contemplated herein o be trested by the admimistration of an
gutibody directed against s B-cell surface marker, such as FeRIES {eg., FeRHSc), and Includes the
adminiatration of an unconjugated (Mnaked”) antibody or an antibody conjugated t a cylotonic agent as
disclosed herein. Such diseases are zlso contemplated herein to be treated by combination therapy
including an anti-FoRHS antibody {including FeRHS bispecific antibody) or anti-FoRHS antibody drug
conjugate n combination with another antibody or antibody drug conjugate, another cvictoxic agent,
raciation or other ireatmoent administered sinnlanecusty or in seriss.

The term "non-Heodgkin's lymphoma” or "NHLY, as used hereln, refers to a cancer of the
Iymphatic system other than Hodgkin's lymphomas. Hodgkin's lymphomas can generally be
distinguished from non-Hodgkin's bymphomas by the presence of Resd-Siemberg colls in Hodgkin's
bymphomag and the absence of sald cells in non-Hodgkin's lymphomas. Examples of non-Hodgkin's
tymphomas encompassed by the term as used herein include any that would be identified as such by
one skilled in the art {e.g., an oncologist or pathologist) In accordance with classification schemes
known in the art, such as the Revised European-American Lymphoma (REAL} scheme as deseribed in
Color Atlas of Clirdcal Hematolegy (3rd edition), A, Victor Heffbrand and John B, Peitit {eds.}
{Flarcourt Publishers Ltd., 20008, See, in particular, the hsts in FIGS. 11.57, 11,38 and 11.58. More
specific sxamples mclude, but are not Hmited to, relapsed or refractory NHE, front line low grade MNHL,
Stage YTV NHL, chemotherapy resistant NHL, precurser B lymphoblastic leskemia andfor
lymphoma, small ymphocytic lyrophoma, B-oell chronie lymphocytic leukermia snd/or prolymphocytic
levikemia and/or small byvphoeytic lymphoma, B-cell prolymphoeytic lyraphoma, inumunecytoma
andfor lyraphoplasmacytic tymphoma, tymphoeplasmacytic Iymphoms, margingl zons Becell lvmphoma,
spienic marginal zone lymphoma, extranodal marginal zone-MALT hvimphoma, nodal marginal zone
fvmphoma, bairy cell loukamis, plasmacytoma andfor plasma cell myeloma, low grade/follicular
byrphoma, intermediate gradefollicular NHL, mantle cell lvmphoma, follicle center bymphoma
{follicuiar}, intermediate grade diffuse NHL, diffuse largs Bcell lvrophonoa, aggressive NHE
{inchiding aggressive frond-lne WHL and aggressive relapsed NEHL), NHL relapsing after or refractory
to autologous stem cell ransplaniation, primary mediastinal large B-cell lymphoma, prinary effusion
lymphoms, high grade immunoblastic NHL, bigh grade lymphoblastic NHL, high grade small non-
cleaved cell NEHL, bulky disease NHL, Burkitt's lyinphoma, precursor {peripheral’ large granvlar
fymphooytic laukemia, mycosis fungoides sndfor Sezary syndrome, skin {cutansous} lymphomas,
anaplastic large cell lyrophoms, angioceniric ymphoma.

Plasma cells disorders result from the uncontrolied division or owuitiplication of 3 plasma cell
clone. Plasma cells arlse from sotivated B lymphooyies (42, Becells). Bach B-cell sroduces a unigue
recepior, known as the B-cell receptor, arrayed on #s cell surface that is specifie for a foreign
substance, 1.e., antigen. When a B-cell recepior binds ils cognale antigen, the coll expressing the

receptor is activaied to re-enter the cell cyels, producing many clonal copies of itself. The clones
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mature into plasma cells that reside principally in the bone marow and that are specialized to produce
copies of the B-cell receptor that are released into the blood stroam as antibodies. In 2 plasms cell
disorder, the plasma cell or the parent Becell suffers genstic damage resulting In suppression of or
insensitivity to the normal restraints on cell division and/or activity. Daughter plasma cells derived from
such cslis are malignant in that they may divide unchecked andfor generate excess amount of the same
mrnuncgiobulin (antibody}. Gften the wramunoglobulin produced s incormplete or has an incorrect
conformation that can result in accumulation of the protein {also known as monocional protein, M
protein, paraprotein of amyloid protein, dependent on the specific dizorder) in the serum, tissues or
organs {especially the kidneys), leading to organ dysfunction andfor failure. Plasma cell disorders
inchide monoclonal gammopathies of undetermined significance (MGUS), multiple myeloma (MM},
macroglobulinemia, heavy chain disesses, and systemic Hght-chain amyloidosis (AL}, which are
differentiated based on the profiferative nature of the clong, the extent of marrow Involvemery, and the
type of M protein expressed. Additional plasma cell disorders are solitary plasmacytoms,
extramedollary plasmacyioma, multiple solitary plaamacyiomas, plasma cell leukemia, Waldenatrom's
macroglobulinaemia, B-cell pon-Hodgkin lymphomas, B-cell chronic lymphoeytic leukemia.

The term “FeRHS -positive cancer” refers 1o a cancer conprising cells that express FcRHS on
their surface. For the purposes of defermining whether a cell expresses FeRIS on the surfave, FeRH3
mBNA expression is considered to corrslate to FCRHS expression on the cell surface. In some
embodiments, expression of FeRHS mRNA is determined by s method selected from in sitn
hybridization and RT-PCR (including quantitative RT-PCR). Alternatively, expression of FeRHS on the
cell surface can be determined, for example, using antibodies to FeRHS in 8 method such as
immunchistochemistry, FACS, gic. In some embodiments, FoRHS is one or morg of FeRFHSa, FeBEHSL,
FoeRHS¢, UniProt Identifier GO6RDY-2, and/or FeRMS4. In some embodiments, the FcRHMS iz FeRHSe.

The term “FeRHS-positive cell” refors to 5 cell that expresses FoRHS on its surface. In soms
embodiments, FcRHS is one or more of FeRHSa, FeRHSh, FeRHSc, UniProt entifier QU6EDS.2,
and/or FeRMS3d. In some smbodiments, the FeRHS is FeRFS5¢

An “sffective amount” of an agent, e.g., 8 pharmacsutical formulation, refers {0 an amount
effective, at dosages and for perieds of thne necessary, to achieve the desived therapeutic or
prophylactic result,

An “individual™ or “subject” is 8 mammal. Maruuals nclude, buat are not Hodted to,
domesticated animals {e.g., cows, sheep, cats, dogs, and horses}, primates {e.g., himans and non-human
primates such as monkeys), rabbits, and rodents {e.g., mice and rats}. In certain embodiments, the
individual or subisct is a2 human,

The term “package nsert” s used to refer to insvructions customartly Included in commercial
packages of therapeutic products, that contain infoomation about the indications, usage, dosage,
administration, combingtion therapy, sontraindications and/or warnings concering the use of such

therapeutic prodocts.
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The term “pharmaceutical formulation” refers 1o a preparation which is in such form ag 1o
permit the bioksgical activity of an active ingredient contained therein o be effective, and which
sontains no additionsl components which are unascceptably toxic to 2 subject to which the formulation
would be administered.

A “pharmaceutically sccepiable carrier” refors 1o an ingredient in g pharmaceutizal
formulation, other than zm active ingredient, which is nontoxic to a subject. A pharmaceuncally
scceptable carrier inchudes, but is not Hinited {0, & buffer, excipient, stabilizer, or preservative.

“Alol” is 01-C1 g hydrocarbon containing normal, secondary, tertiary or cvelic carbon atoms,
Exgmples ave methyl (Me, «CHza}, ethyl (B, -CHACHz}, T-propyi (n-Fr, nepropyl, -CHRCHRCHa ), 2-
propyt (-Pr, lpropyl, -CH(CHa ), Bhutyl (n-Bu, n-butyl, -CHaCHCHaCHY, Zomethyb1-propyi (-
By, butyl, -CHCH(CHz YY), 2-butyl (5-Bu, s-butyl, ~-CH{CH3)CHACH 1), 2-methyl-Z-propyi (-8B, -
butyl, -C{CHI) Lpentyl Gpentyl, «CHoCHo CHpCHRCH YY), 2-pentyt ((CICHCHCHpCH ), 3-
pentyl ((CHCH2CH)), Tomethyl-2-buryl (OICH3 W CH2CH ), Somethylb-2-butyl (-
CH{CHCHICH ), 3amethyl-1-butyl (CHCHCHCH ), Z-methyl-1-butyl (-
CHpCH{CH3 Y CH2CH3Y, heryl ((CHaCHaCHpCHpCHCHS), 2-hexyl (-
CECHCHCHpCHUH ), 3henyl (CCHCHUHAHCHPCHCHa)), 2-methyl-Zopentyl (-

CCH CHoCHACHS), 3-methyl-2pentyt GUHCH I CH{CH W H CHy), d-msthyl-2-pentyl (-

CHCHy ) CHCHICH ), 3-oethyl-3-pentgyl ((CCHWCHyCHs Y, 2methyl-3-pentyl {-
CHICHCHCHCH ), 2,3 -dimethyl-2-buty] CC{CHDCH{CHY), 3,3-dimethyi-2-butyl {-
CH{CHNC{CHS)s, The term “Cy-Cg athyl,” a5 used herein refers o a straight chain or branched,
saturated or unsaturated hydrocarbon having from 1 1o € carbon atoros, Representative “C-Cy aliyl”
groups include, but are not limited 5, -methyl, ~ethyl, n-propyl, ~a-butyl, -n-pentyl, -n-hexyl, -n-
heptyl, -n-ociyl, -n-nonvl and -n-decyl; while branched C;-Cy alkyls includs, but are not limited to, -
isopropyl, ~sec-buotyl, -Isobutyl, ~fere-butyl, -isopentyl, Zuanethyibutyl, enssturated C-Cq atkyls include,
but are not hmited to, ~vinyl, -allyl, -1-butenyl, ~2-buteryl, -isohutylenyl, -I-pentenyl, -Z-pentenyl, -
3-methyl-1-butenyl, -Z-methyi-2-butenyl, ~2,3-dimethyi-2-butenyl, 1-hexvl, 2-hexvl, 3-hexyl,-
acetylenyl, -propyiyl, ~1-butynyl, ~2-buiynyi, - -pentynyl, -2-pentyiyl, -3-methvi-1 butynyl A C-Cy
alkyl group can be unsubstinuted or substituted with one or more groups including, but not Hmidted to, -
CiCg alkoyl, <00 -0y alkeyD), -aryl, ~C{OIR, -OCOIR’, -CHNOR?, -CHOWNH, |, -CIOMNHRS, -
CLOPNRY, -NEO{OR, -8R, -S{ORR, -8R, -0, -halngen, Ny , -NH,, -NEH{R™), N, and
-ON; where each R’ is independenily selected from H, -C,-Cy alkyl and aryl,

The term “C~C); alleyl,” as used herein refers to a straight chain or branched, saturated or
unsaturated hydrocarbon having from 1 to 12 carbon atoms. A C-Cy; alky! group can be unsubstituted
or substituted with one or more groups including, but not Himited to, -U;-Cs alkyl, -O-{C-Cy alkyl}, -

arvl, -CENR, -OC{OIR", -CHOYOR’, -C{OINTE, | -COINHR’, -C{ODER Y, -NHO(OWR’, -SO:R”, -
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S{ORR, -3(MR’, -OH, -halogen, Ny, N H,, -NE{ER’), -N{R ), and «CN; where each B is
independently selected from H, -C,-Cy alkyl and arvl.

The term “Ci-Cg alkyl” as used herein refers 1o a siraight chain or branched, saterated or
unsaturated hvdrocarbon having from 1 to & carbon atoms. Reprasentative “Cy-Cy alkyl” groups
mehude, but are not Hmited to, -methyl, -ethyvl, -n-propyl, -n-butyl, -n-penty], -and n-hexyl; while
branched - alkyls include, but are not limited o, -isopropyl, ~sec-butyl, -isobutyl, -ters-busyl, -
isopentvl, and Z-methylbutyl; unsaturaied C)-Cy alkyls inchade, but are not limdted to, ~vinyl, -allyl, -
E-butenyl, ~2-buteny!, and -isobutylenyl, -D-pentenyl, ~Z-pentenyt, -3-methyl-1-butenyi, -
Zemethyl-2-butenyl, ~2,3-dimethyl-2-butenyl, -hexyl, 2-hesyl, and 3-hexyl A O-Co alky! group can
be unsubstitited or substitutad with ong or more groups, as described above for €Uy atkyl group,

The term *C-Cy alkyl” as used hevein refers to a straight chain or branched, satorated or
unsaturated hydrocarbon having from 1 to 4 carbon atoms, Representative “C-Cy alkyl” groups
include, but are not Bmited to, -methyl, ~ethyl, -n-propyl, -n-butvl; while branched G-y atkyls include,
but are not Hmdted o, -isopropyl, -sec-butyl, -isobutyl, -ferr-butyl; unsatrated Ci-0; alkvils include, but
gre not Hmited to, ~vinyl, -allyl, -1 -butenyl, <2-butenyl, and -isobutylenyl A C-C, alkyl group can be
unsubstituted or substituted with one or more groups, a3 described above for C,-0x alkyl group.

“&lkoxy™ is an alleyl group singly bonded 10 an oxygen. Exemplary alkoxy groups inchude, but are
ot Lmited te, methoxy (HCH;) and ethoxy (OCHLUH ) A “Cy-Cs slkaxy” 5 an alkoxy group with | o
5 carbon atorns, Alkoxy groups may can be unsubstituied or substitated with one or more groups, as
described above for alkyl groups.

“Alkenyl™ ts Co-C1 8 hydrocarbon contalning nomnal, secondary, terfiary or eyelie carbon
atowms with at Jeast one site of unsaturation, i.e. a carbon-carbon, sp double bomd. Examples include,
but are not limited to: ethylene or vinyl {(-CH=CH,), allyl {-CHCH=CH,), cyclopentenyl (<Csky), and
S-hexenyl (-+UH: CH,CH,CH,CH=CH,). A Co-Cy alkenyl” is a hydrocarbon containing 2 to 8 nonmal,
secondary, tertary or eyclic carbon atoms with at least one site of unsaturation, Le. a carbon-carbon, 2’
double bond.

“Alkynyl” is C2-Ci g hydrocarbon containing normal, secondary, tertiary or eyelic carbon
atoros with at feast one site of unsaturation, fe a carbon-carbon, gp wiple bond. Examples inchude, but
are not Himited tor scetylenic (-C=CH) and propargyt (CHC=CHY A “Co-Cy alkyuyt” is a hydrocarbon
containing 2 to 8 normal, secondary, tertisry or oychic carbon stoms with at least ong site of
unsaturation, Le. a carbon-carbon, sp wiple bond,

“Allviene” refors 1 a saturated, branched or siraight chain or oyelic hydrovarbon vadical of 1418
carbon gtoms, and having two monovalent radical centers derived by the removal of two hydrogen atorms
from the same or two different carbon atoms of a parent alkane. Typical alkylene radicals inchude, but are
not Bmited to methylone ((CHp-d 1 2-ethy] (-CHCH-3, 1.3 -propyl ((CHACHRCH-), 1,4-bunyl
{-CH,CHLCH,CH-3, and the bike.
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A CWChp alkylene™ s o straight chailn, saturated hydrocarbon group of the formula -(CHa )y
Examples of 8 0;-Cyg alkylene include methyiens, ethylene, propylens, butylene, pentylene, hexylens,
heptvlene, ooviviene, nonylene and decalens,

“Atkenylens” refers to an unsaturated, branched or straight chain or cyclic hydrocarbon radical of
2-18 carbon atons, and having two monovalent radics] centers derived by the removal of two hydrogen
atoms from the same or two different carbon atoms of 5 parent sikene, Typics! alkenviene radicals include,
but are not limited too 1, 2-athylene (-CH=CH-).

“Allcvnyiene” refers 1o an unsanarated, branched or straight chain or cyelic hydrocarbon radical
of 2-18 carbon atoms, and having two monovalernt radics! centers derived by the removal of two
bydrogen atorns from the same or two different carbon atoms of 4 parend alkyne. Typical alkbvoylens
radicals include, but are not hmited tor acetylene (CaCa), propargy! (CHE,O=04), and 4-pentynyt
(CHRCHCHAC=C-),

*Aryl” refers to 3 carbooyelic sromatic group. Examples of aryl groups include, but are not
firnited to, phenyi, naphihvl and anthrscenyl. A carbocvelic aromatic group or a heterooyelic aromaltic
group can be unsubstituted or substituted with one or more groups nchuding, but not Hmited to, -C-Cs
alkyl, {0, -Cy alkyl), -aryl, -COOR, -OC{OIR’, -C{OYOR, -CHNEL , -CLOMER’, -CONNR ), -
NHC{OR, -SSR, -B{O1R’, -OH, -halogen, Ny | -NH, -MHR™), CNE™), and ~ON; wherein sach R
is independently selected from H, -C,-Cy alkyl sad arvl

A& “Cy-Cag aryl” is an aryl group with 5 1o 20 carbon atoms in the carbacyelic aromatic rings.
Examples of £5-Cy arvl groups include, bud are not limited to, phenyl, naphthyvl and anthracenyl, A Cs-
Cyo aryl group can be substituted or unsubstituted as described sbove for aryl groups. A °CoCuy arvl” I8
an aryl group with 5 1o 14 carbon atoms in the carhocyelic aromatic rings. Exampies of Cs-Cys arvl
groups include, but sre not Hmited o, phenyl, naphthyl and anthracenyt, & Cs-Cyy aryi group can be
substituied or unsubstituted as described above for aryl groups.

An “arviene” is an aryl group which has two covalent bonds and can be in the ortho, meta, or

para configurations as shown in the following structures:

in which the phenyt group can be nosubstituted or substituted with up to four groups including, but not
imited to, -Cy-ly alkyl, ~C-{C-Cy alkovl), -aryl, <COR’, -OC{OWR, -C{OOR, -C{ONE, , -
C{OWNHR’, ~CLONERY, NHCIOW, -S{OLE°, -B{OR’, -OH, -halogen, -Nj |, NH,, -NH{EB", -NiR*}),
and -CN; wherein each R is independently selected from H, -C)-Cs alkyl and arvl

*Aryialioyl” refers 1o an acychic alloyl radical in which one of the hydrogen atoms bonded o s
carbon atom, typically a terminal or sp” carbon atom, is replaced with an aryl radical. Typical arylatiyl
groups inclide, but are not lmited to, beneyl, Z-phenylethan-1-vl, 2-phenviethen-1-vi, naphthylmethvi

Z-naphthylethan-1-vl, Z-naphthyisthen-1-vl, naphthobenzyl, Z-naphthophenylethan-i-vi and the like
25
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The arvialkoy] group comprises § 1o 20 carbon atoms, e.g the all] molsty, including alkanyl, alkenyi or
atkyuyl groups, of the arvialkyl group is 1 o 6 carbon atoms and the aryl modety is 5 to 14 carbon
OIS,

*Heteroarylalky!” refers to an acyclic altkyl radical in which one of the hydrogen atoms bonded
10 a carbon ators, typically a terminal or sp° carbon ztom, is replaced with a heteroaryl radical, Typical
heteroarylalkyl groups include, but are not mited to, 2-benzimidazolytmethyd, 2-furviethyl, and the
like. The hetercarylallyl group comprises 6 to 20 carbon atoms, .2, the aikyl moiety, including
atkanyl, alkeny!l or alkynyl groups, of the hetercaryialind group is T 1o § carbon atoms and the
heteroaryi moiety is 5 1o 14 carbon atoms and 1 {0 3 heteroaioms selesied from N, O, P, and 8. The
hetercaryl moiety of the heteroarylalky! group may be a monocyele having 3 to 7 ring members (210 6
carbon atorns or a bicyele having 7 t0 10 ring membars (4 to 9 carbon atoms and 1 o 3 hetercatoms
selected from N, O, P, and 8), for example: a bicyclo [4,5], {5,5], 15,61, or [6.8] systern.

“Substinsted alkeyl,” “substitoted aryl,” and “sobstivted arylalky?” mean alkyl, aryl, and
arylalley] respectively, in which one or more hydrogen atoms are each independently replaced with a
substituent. Typical substituenis include, but are not limited to, X, -R, ¥, -OR, -8R, -§&, -NR,, -NR,,
=R, -UX,, -CN, -OCN, -SCN, -N=C=0, NCB, -G, -NG,, =N, -N;, NCEOR, -CEOR, -
CEQINR,, -B0y, -80:H, -8=0,R, O8ECGLOR, -S3E0LNR, -8EMR, -OPEOHOR ), -PE=OMOR ),
POy, PG, -CEOR, -CEOIX, -CESR, -COR, OOy, -CESIOR, -CEOSRE, -C=8)5R,
~C{=ONR,, ~CE=8NR,, -O=NRINR,, where each X is independently s halogen: F, C, Br, or [; and
each R is independently -H, C-Cyy alkyl, Co-Uy aryl, O5-C4 heterooyele, protecting group or prodrug
molety. Alkvlene, alkenyiene, and alkynylens proups s¢ desoribed above may also be similarky substituted,

“Hetercaryl” and "heterceyele” refer to 2 ring syatem in which one or more ring atoms is a
heteroatom, e.g. nitrogen, oxygen, and sulfur. The heteroevels radical comprises 3 1o 20 carbon atoms
and 1 to 3 heteroatoms selected from N, O, P, and 8. A heterocyole may be 8 monovycle having 3to 7
ring menders (2 10 & carbon atoms and 1 to 3 hetercatoms selected from N, O, P, and 8} or a bioycle
having 7 4 10 ring members {4 1o 9 carbon atoms and 1 16 3 hetercatoms selected from M, O, P, and 8},
for example: a bicycls [4,51, {5,357, [5,58], or [6,5] system,

Exemplary heterocyeles are described, e.g., in Paguetie, Leo A, “Principles of Modern
Heteracyelic Chemistry” (W A, Benjarnin, New York, 1968), particularly Chapters 1,3, 4,6, 7, 80d 9,
“The Chermistry of Heterocyclic Compounds, A series of Monographs™ (John Wiley & Sons, Mew
York, 1950 to present), m particular Volumes 13, 14, 16, 19, and 28; and /. Am. Chem, Soc. {196
82:5564.

Examples of heterocycles includse by way of example and not lmdtation pyridyl,
dilvydroypyridyl, wirahydropyridyl (piperidyl), thiazolyl, tetralevdrothiopheny!, sulfir oxidized
tetrahydrothiophenyl, pyrimidiny!, furanyl, thienyl, pyrrolyvl, pyrazolyl, imidasolyl, tetrazolyl,
renzofuranyl, thisnaphthalenyl, indolyl, indolenyl, guinolinyl, isoguinclinyl, berwimidazoivi,

pipenidinyl, 4-piperidonyl, pyrroliding, 2-pyrrolidonyl, pyrrolingt, tetrahydrofuranyl, bis-
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tetrabvdrofuranyl, tetrabydropyranyd, bis-tetrabydropyranyl, tetrahydroguinolingd,
tetrabivdroisoquinolinyl, decalivdroquinoliny, octehydrotsoguinelingl, avocinyl, riazinyd, 6H-1,2.5-
thisdiazinyl, 2H,6H-1,3,2-dithiszinyl, thienyl, thianthrenyl, pyranyl, isobenzofuranyl, chromenyl,
xanthenyl, phenoxathinyl, 2H-pyrrolyl, isothiazolyt, isoxazolyl, pyrazinyl, pyridazinyd, indolizinyi,
isoindolyl, 3H-indedvl, 1H-indazelyl, purinyt, 4H-guinshziny], phthalazinyl, naphthyridioy],
guinoxalinyt, quinazoliny, cinnoliny, preridinyl, dat-carbazolyl, carbazolyl, B-carbolinyl,
phenanthridinyl, acridinyl, pyrimidinyl, phenanthroliny], phenazinyt, phenothiszinyl, furazanyl,
phenoxazinyl, isochromenyl, chromanyi, iudazelidingd, imidazoliny], pyrazolidingd, pyrazolinyl,
piperazinyl, indelinyl, isoindolinyl, quinuchdiny, morpholinyl, oxazolidingt, benzotrazolyl,
benzisoxarolyl, oxindolyl, benzoxarolinyt, and isatinoyl

By way of example and not Himitation, carbon bondad heterscyeles are honded at position 2, 3,
4, 5, or & of a pyridine, position 3, 4, §, or 6 of a pyridazine, position 2, 4, 5, or & of g pyrimidine,
pogition X, 3, 5, or 6 of a pymazine, position 2, 3, 4, or 3 of a furan, tetrahydrafisean, thiofiwan,
thiophene, pyrrole or tetrshydropyrrole, position 2, 4, or § of an oxazole, imidazole or thiazole, position
3,4, or 3 of an isoxazole, pyrazele, or isothiszole, position 2 or 3 of an aziridine, position 2, 3, or 4 of
an azstidine, position 2, 3, 4, 3,6, 7, or 8 of g guinoline or position 1, 3, 4, 5,6, 7, ovr 8 of an
isoguinoline. Sull more typically, carbon bonded heterocyeles include 2-pyridyl, 3-pyridyl, 4-pyridyl,
S-pyridyl, G-pyridyl, I-pyridaziny, 4-pyridazinyl, S-pyridazinyl, 6-pyridazinyl, Z-pyrimidingy, 4-
pyrimidinyd, S-pyripidiny, S-pyrimidioyl, 2-pyrazinyl, 3-pyrazinyl, S-pyrazinyl, d-pyrazinyi, 2-
thiazelyl, 4-thiszolyl, or S-thiazolyl

By way of example and not Umitation, nitrogen bonded heterooyeles are bonded at position 1 of
an aziriding, azetidine, pyrole, pyrroliding, 2-pyrroling, 3-pyroline, imidazole, inudazolidins, 2-
imidazoline, 3-imidazoline, pyrazols, pyrazoline, Z-pyrazoline, 3-pyrazoling, piperidineg, piperazine,
ndole, indoling, TH-indazole, position 2 of a iseindole, or iseindeline, position 4 of a morpholing, and
position ¥ of a carbazole, or Barholine. Sull more typically, nitrogen bonded heterocyeles inclads -
aziridyl, 1-azetedyl, -pyrrolyl, T-imidazolvl, -pyrazolyl, and T-piperidingl.

A “C5-Cq heterecyele” refers to an aromatic or non-aromatic 05-Cy carbooyels in which ons to
four of the ring carbon atotns are independently replaced with a heteroatom from the group consisting
of (0, 5 and M. Representative sxamples of a Ci-Cy heterooycle include, but are not Hmited to,
benzofuranyl, benzothiophene, indolyl, benzopyrazolyl, coumariny, isnguinclinyl, pyrroly], thiophenyl,
furanyl, thiszolyl, imidazolyl, pyrazelyl, triazolyl, quinokinyl, pyrimidinyl, pyridinyl, pyridonyl,
pyrazinyl, pyridaziny!, fsothiazolyl, isoxazelyl and tetrazolvl. A C5-Cg histerooyele can be unsubstitutad
or substituted with up to seven groups nclading, bt not Hmited 1o, -0-Cg alkyd, -G-{C-Cg alkyld}, -
arvl, -CIORC, -GOOR, -CIOMORT, O, | -OIOINBR?, (CIOINRC Y, -NHCOIR?, -8(ORR", -
BOYR’, O, ~halogen, -N; , -NF,, -NE{R™}, -N{R}; and -CN; wherein each R’ is independently

selected from H, -C,-Cy alkyl and arvl

o
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“C5-C5 heterooyelo” refers w a C3-Cp heterooyele group defined above wherein one of the
heterocysie group’s hivdrogen atoms s replaced with a bond, A Ci-Cy heternoyelo can be unsubstituted
or substituted with up to six groups including, but not bmited to, -C-Cy alkyl, -O-{C~Cy alkyl), ~aryl, -
CENR, OC{OIR’, -CLO0R?, -CHOWH, |, -C{OWHR", SC{ONR ), -NHOIOWR, ~S(0LR°, -S(OR”,
-(H, -halogen, -MNy , -NH,, -NH(R"), -N{R™Y, and -CN; wherein each R is independently sslscted from
H, -C3-Cy alkyl and aryl

A “C5~Cop heterooyele” refers {0 an aromatic or nen-arematic O3-Cy carboeyele in which one io
four of the ring carbon atoms are independently replaced with a heteroatom from the group consisting
of (0, B and N, A Ty hetoroeyele can be unsubstituted or substituted with up to seven groups
meluding, but not limited to, 0, -0y alleyd, <O-(C-Cy alkyly, ~arvl, CEOWR, -OCOW", -O(OYOR?, -
CEONH, , -CAORNER’, -CINNER ™, -NHOOWR, -5({0LR°, SO, -OH, -halogen, -N; , -NH;, -
NER™), -N{R ), and -CN; wherein each R s independently selscted from H, -Cy-Cy alkyl and aryl.

U histeroeyele™ refers to a CoCap heteroeyels group defined above wherein one of the
heterocvele group’s hydrogen atoms is replaced with a bond,

“Carbocycle” means a saturated or unsaturated ring having 3 to 7 carbon atoms as 8 monoeycie or 7 (o
12 carbon atomns as a bicvels, Monocyclic sarbocoycies have 3 1o 6 ring atoms, still more typically Sor &
ring atoms. Bieyelie carbocyeles have 7 to 12 ring atoms, ez arranged as a bicvelo [4,51 [3,51, [5.6] or
(6,61 system, or ¥ or 10 ring atorms armanged as a bicyelo [5,5] or [6,6] systern. Examples of monocyelic
carbocyeles include cyelopropyl, cvclobuiyl, cyelopentyl, -cyclopant-i-enyl, I-cyclopent-Z-enyi, 1-
cyclopeni-3-enyl, eyclohexyl, 1-cyelohex-1-enyl, 1-cyclohex-2-envi, 1-cyciohex-3-enyvl, cyclohepiyl,
and eyvelooctyl

A0y carhocyele™ i3 8 3+, 4, 8-, &-, 7~ or S-membered saturated or unsaturated non-
aromatic carboovelic ring. Representative C5-Cs carbooyeles include, but are not limited 1o, -
eyclopropy], -evclobutyl, -eyclopaotyl, «<yclopentadienyl, -cyclohenyl, -cyelchexenyl, -1,3-
cyclohexadienyl, -1 d-cyelshexadienyl, -oycloheptyl, -1 . 3-cveloheptadienyl, -1,3,5-cyvcloheptatrienyl, -
eycloootyl, and ~cyclooctadienyl. A C,-Cy carbooycle group can be unsubstituted or substituted with
ane of more groups inchuding, but not hmated to, -C-Cy alleyl, -OH{C-Cy alkyl), ~aryl, -CEORT, -
GO, LC{OHOR’, -COINE, | -CLOINHERC, -CIOMNR S, -NHCIOR?, -S{OLR, SO, -OH, -
halogen, -Nj , -NEL, -NER"), -M{R ) and -CN; where gach B’ s independently selected from H, ~C;-
Cy alkyl and aryl.

A"y carbocyvelo” refers to 2 C3-0y carbocyele group defined above wherein one of the
carboeycle groups” hydrogen atoms is replaced with a bond,

“Linker” refers to a chemical motety comprising 8 covalent bond or 8 chain of atoms that
covalently attaches an antibody to a drug meisty. In various embodiments, linkers inchade a divalent
radical such as an allyldiyvl, an arvidivl, a heteroaryldiyi, moleties such as: —{CR3,O(CR, ), repeating
units of alkyvloxy {e.g. polysthylenoxy, PEG, polymethvlencoxy) and alkylamino {eg

polyvethylensaming, Jeffarnine™ ), and diacid eater and amides meluding succinate, succinamide,
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diglyeolate, malonate, and caproamide. In various embodiments, linkers can comprise one or mors
aming acid residues, such as valine, phenvialanine, lysine, and homolysine.

The term “chiral” refers to molecules which have the property of non-superimposability of the
rairor image partner, while the term “achiral” refers to molecules which are superimposable on their
TiTTOT image parner,

The term “sierenisomers” refers to compounds which have identical chemical constitution, but
differ with regard 10 the mrrangement of the atoms or groups in space,

“Priasteresmer” refers 1o a stercoisomer with two or more centers of chivality and whose
molecules are not mirror images of one another. Diastereomers have different physical propertics, eg.
melting points, bolling points, spectral properties, and reactivities. Mixtures of diastereomers may
separate under high resclution analytical procedures such as electrophoresis and shromatography.

“Enantiomers” rafer (o two sterevisomers of a compound which are non-superimposable mirror
images of one ancther,

Stersochemical definitions and conventions used heretn generally follow 5, P Parker, Ed.,
MoeGrow-Hill Dictionary of Chemical Terms {19843 McGraw-Hill Book Company, New York; and
Eliel, E. and Wilen, 8., Stereochenmisiry of Grganic Compounds (1994} Iohn Wiley & Sous, Inc., New
York. Many organic compounds exist in optically sctive forms, i.e., they have the ability 1o rotate the
plane of plane-polarized light. In deseribing an optically active compound, the prefixes Dand L, or &
and &, are used to denote the absolute configuration of the molecule abous lis chiral center(s). The
prefines d and 1 or () and {~) are emploved to designate the sign of rotation of plane-polarized light by
the corppound, with (- or 1 meaning that the compound s levorotatory. A compound prefixed with ()
or 4 18 dextrorotatory. For a given chemics! atructure, these stersoisomers are identical except that they
are mirror images of one another. A specific stersoisomer may also be referred 10 as an enantiomer, and
a mixture of such isomers is often called an enantiomeric mixture. A 50:50 mixture of enantiomers is
referred 10 as a racemic mixture or 2 racemate, which may secur where there has been no
stereoselection or stereospacificily in a chernical reaction or process. The torms “racemic mixiure” and
"racemate” refer to an squimolar mixture of two enantiomeric species, devoid of optical astivily,

*“Leaving group” refers to a functional group that can be substituted by another functional
group, Certain leaving groups are well known in the art, and examples include, but are not lmited to, 8
halide {e.gz., chlorids, bromide, iodide), methanesulfony! {mesyl}, p-toluenssulfonyl (tosyl),
iritfleoromethyladionyt (riflate), and witluoromethylisulfonate.

The term “protecting group” refers (o a substituent that is commonly smployed (o block or
protect a particular functionality whils reacting other functional groups on the compound. For example,
an “amino-protecting group” is a substituent attached 1o an aminoe group that blocks or protects the
amine functionality in the compound. Suitable amino-protecting groups inchude, bt are not liited 1o,
acetyl, iriflucroacelyl, t-mnioxyearbonyl {BGC), henzvioxyearbonyl (CBZ) and 9-

fluorenyimethylenoxyearbonyl (Fivoc). For & general description of protecting groups and their use, see
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T. W. Greene, Protective Groups in Crganic Synthesis, John Wiley & Sons, New York, 1991, or a later
edition,

As is understood by one skilled in the ant, reference to "about” a valug or parameter herein
includes {and describes) smbodiments that are directed 1o that value or parsmeter per se. For example,
description referring to "about X" inchudes deseription of "X,

It is understood that aspect and smbodiments desoribed hersin include "consisting” andfor
"consisting essentially of” sapects and embodiments. As used hereln, the smgular form "s”, "an”, and
“the" inchudes plural references unless indicated otherwise.

i COMPOSITIONS AND METHODS

Provided hereln are antibodies that bind to FeRHS including bispecific antibodies and
mEnuneconjugates comprising such antibodies. Antthodies and mmunoconjugates may be useful, ez,
for the disgnosis or treatment of FeRHS-positive cancers. In some embodiments, the anti-FoRIES
antibody binds an isoform s-specific region of the extracellular dormain of FeRH3¢. In some
grmbodiments, the anu-FeRHS antibodies bind Ig-like domain ¢ of FeRHSe.

Without being hound by theory, the selection of the precise antigen for the antibodies of the
present invention was driven by al lesst three important considerations. First, there was 3 need for little
10 a0y cross-reactivity with FeRHES isoforms other than FCRM3e, such as isoform a and isoform b, o
avoid the resulting therapeutic from binding to non-targst melecules and thus reducing its sffectiveness,
As illustrated in Figure 1, domain @ of FoRHS s an example of 2 unigue sequence among the three
isoforms. Next, thers was a nead for little 1o no cross-reastivity with FeRH family members other than
FeRES, such as FeRHEI, FeRHZ, FeRH3, and FcRH4.  This is difficult because of the generally
highly conserved nature of the last fg-like domeing in many of the FeRH family members, But because
of the paraliel need for FeRIS iaoform ¢ specificity, an antibody that binds the last Ig-like domain was
pursued. Finally, for antibodies to be used in therapeutic molecules that work to bring large structures
in cloge proximity, such as T-cetis and mmer cells using a bispesific antibody format, it is known that
tumdar epitopes closdr io the cell memnbrane are nuwe effective (see, e.g., Bloemel e of. Cancer
fmmuncd Impumother. (2010} 39:1197. 120%). Sometimes described as the theory of kinstic
segregation, the cell membrane proximal location of domain 9 of FoRHS is a desirable antigen target in
this sontext. To meet these considerstions snd as described by detatl below, cortain embodiments of the
antibodies of the present nvention were developad.

Provided hevein are jsolated anti-FeRHS antibodies that binds an isoform c-specific region of
the exwracelivlar domain of FeRH3c. In some ambodiments, the isoform c-specific region comprises fg-
hike domain 2. In some embodiments, the Ig-like domain 9 s alse called Ig-like C2-type &. In sume
embodiments, the iscform c-speeific region comprises aming scids 754833 of SEQ ID NG In some
smbodiments, the isoform c-specific region comprises aming acids 752-834 of SEQ I3 NO. Insome
embodiments, the isoform c-specific reglon comprises amino acids 743-830 of BEQ D NO:1. In stme

embodiments, the isoform c-specific region coanprises aming acids 7435-851 of SEQ D NO:E. In some
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embodiments, the isoform c-apecific region comprises aming acids shout any of 1, 2,3, 4, 5,6, 7, 8, %,
B, 15,12, 13, 14, or 15 froen the Nerming] and/or C-terminal boundary. In some smbodiments, the
isoform c-apecific region comprises amino acids from aboul any of 780, 751, 752, 753, or 754 to about
any of 830, 831, 837, 833, 834, 835, or 838 of SEO ID N1, In some embodiments, the antibodies
Binds FoRHSc and/or the isoform c-specific region with an affinity of <35 aM, or <4 nbl, or <3 nbd, or
<2 b, or <1 oM, and optionally > 0.0007 aM, or = 0.001 oM, or > 0.01 nb.

In some embodirnents of any of the antibodics, the antibody has one or more of the fllowing
characteristies: a) cross reactive with full leagth human and cyno FoRHS (fe, binds full length fnunan
FeRHS and binds full length oyne FeBHS), by does not significantly cross react with FeRHI, FeRHM2Z,
FeRH3, and/or FoRH4 (¢, does not significantdy bind FeRHL, FeRIM2, FeRH3, and/or FcRH4), ¢}
binds o endogencus FCRHS, d} does not cross react with FeRHSa (i e, does not significantly bind
FcRHSa}, and ¢} does not cross react with snother Ig-Hke domain of FeRHS (i, does not significantly
bind another Tg-like domain of FeBHS). Methods of determining the ability to hind are known in the ant
and deseribed helow,

Provided herein, and in some embodiments, ave antibodies comprising 2} a heavy chain
comprising 3 HYR-HI comprising the amino acid sequence of SEQ [13 NO:3%, HYE-H2 comprising
the amino acid sequence of SEQ 1D NO62, and HYR-H3 comprising the amino acid sequence of SEQ
2 MOqES; andfor b a light chain comnprising & HVR-LT comprising the amine acid sequence of SEQ
13 NOG:2, BVR-L2 comprising the amine acid sequence of 8EQ ID NG:14, and HVR-L3 comprising
the amino acid sequence of 8EQ 1D N{:28. In some smbodiments, the heavy chain comprising 2 HVR-
Hi comprising the amino seid sequence of SEQ I NGO, HVR-HZ comprising the amino acid
sequence of SEQ 1D MO74, and BVR-HI comprising the amine acid sequence of 3EQ I NO:88. In
some embodiments, the antibody comprises a VH sequence having at least about any of 90%, 919,
G2%, 93%%, B4%, 95%, 96%, 97%, BEYW, 89%, or 100% ssquence identity to the aming acid sequence
of SEG I NG i andfor & VL sequence having at least about any of 90%, 91%, 32%6, 93%, $49%,
$5%, 96%, 97%, B8%, 99%, or 100% sequence entity to the anton acid sequence of SEQ ID NO:

P In some embodiments, the antibody comprises a VH sequence of SEQ ID NG 111 andiora VL
sequence of SEG D NO10. In some embodiments of any of the antibodies, the antibody comprises
six HVRs of 181, In some embodiments, the antibody comprises VH domain snd VL domain of
FCH.1LL In some embodiments, the antibody binds an isoform c-specific region of the exiracellular
domain of FeRHSc {e.g., fg-like domain 9}, In some embodiments, the antibody is cross reactive with
full length hurnan and cyne FeRHS. In some embodiments, the antibody does not significantly cross
react with FeRHL, FeRE2, FeRHM3, and/or FeRH4. In some ernbodiments, the antibody binds tor
endogenous FoRHS. In some embodiments, the antibody binds B-cells, In some smbodiments, the
antibody does sot significantly bind NK ¢ells and/or monocytes.

Provided herein, and in some embodiments, are antibodies comprising 8) a heavy chain

comprising a HVR-H1 comprising the amino acid sequence of 8B 1D NO:3S, HVR-HZ comprising
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the amine acid sequence of SEQ 1D NG:43, and HVR-HI comprising the amino acid sequence of S8EQ
10 NCBT; and/or bY & Heht chain comprising & HVR-L1 comprising the amine acid sequence of SEQ
ID NG, HVE-LE comprising the aming acid sequence of SEQ I NO: 1S, and HYE-L3 comprising
the amino acid sequence of SEG 1D NG:27. In some embediments, the heavy chain comprising a HYR-
Hi comprising the amine acid segquence of SEQ ID NG:51, HYR-H2 comprising the amino acid
sequence of 8EQ 1D NOTS, and HVE-H3 comprising the aming acid sequence of SEQ ID NG9S In
some embodiments, the antibody comprises a VH sequence having at Jeast shoud any of 50%, 9194,
82%, 93%, 34%, 95%, 96%, $7%, 8%, 99%, or 100% sequence identity to the amino acid sequence of
SEQ I MNOLLS andior 8 VL sequence having at least about any of 90%, 91%, 92%, 93%, 94%, 85%,
QEYa, 97%, 98%, 99%, or 100Y% sequence identity o the amdne acid sequence of SEQ I MO 12 In
some embodiments, the anttbody coraprises a VH sequence having at least abouot any of 90%, 91%,
F2%, 9306, $4%, 939, 96, 97%, B8, 99%, or 100% sequence identity 1o the amino acid sequence of
SEC ID WO 35 andfor 2 VL sequence having at keast about any of 909, 9194, 92%, 93%, 94%, 95%,
D&Y%, 7%, 8%, 99%%, or 180% sequence identity 1o the amino acid sequence of SEQ ID NG44, In
sorne embodiments, the antibody comprises 8 VH sequence of SEQ ID NG:113 and/or a VL sequence
of SEG 1D NO:112. In some embodiments, the antibody comprises a VH sequence of SEQ ID NG 138
and/or a VL sequence of SEQ 1D NG:134. 1o some embodiments of any of the antibodies, the antibody
comprises six HVRs of 1(37.2. In some embodiments, the antibody comprises VH domain and VI
domain of 1G7.2, In soms embodiments of any of the antibodies, the antibody comprises six HVERs of
1G7.2°. In some embodiments, the antibody comprises VH domain and VL domam of 1G7.2°. In some
embodunents, the antibody binds an isoform c-specific reglon of the exiracelinlar domain of FecRH5 ¢
{e.g., Ig-like domain 9}, In some embodiments, the antibody is cross reactive with full length hounan
snd cyno FeRHS, In some embodiments, the antibody does not significantly cross react with FeRHI,
FeRHZ, FeRI3, and/or FeRFA4. In some armbodiments, the antibody binds 1o endogencus FoRHS . In
some embodiments, the antibody binds Becslle. In some embodiments, the antibody does not
sigriificantly bind NK cells and/or monocyies. In some embodimens, the antibody does nod
significantly cross react with FeRHSa.

Provided herein, and i some embodiments, are antibodies comprising a) a hesvy chain
comprising 8 HVR-HI comprising the amino acid sequence of SECQ 1D MO:40, HVR-HY comprising
the amine acid seguence of SEQ H NO64, and HVR-HI comprising the amino acid sequence of SEQ
{12 NOES; and/or by a light chain corprising a HVR-L1 comprising the amine acid sequence of S3EQ
1D NG, HYR-LZ comprising the amine acid sequence of SEG ID NG, and HVR-L3 comprising
the amine acid sequence of SEQ 1D NO:28. Insome embodiments, the heavy chain comprising a HVR-
H1 comprising the amine acid sequence of REQ 11D NOSZ, HVE-H2 comprising the aming acid
sequence of SEQ ID NO:76, and HYR-H3 comprising the aminoe acid sequence of SEGQ ID NG00, In
some embodiments, the antibody comprises a VH sequence having at least about any of 80%, 2194,

92%, W3, 84%, D39, 96%, 97%, 98%, 99%, or 100% sequence ilentity o the aming acld sequence of
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SEQ I NO1LS andior a VL. sequence having at least about any of 9095, $1%, 92%, 93%%, 94%, 95%,
26%%, 37%, 98%, 99%, or 100% sequence identity to the amine acid ssquence of SEQ IDNG:T4. In
some embodiments, the antibody comprises a VH sequence of SEQ 1D NO:118 andlor a VL sequence
of SEQ 1D N1 14, In some embadiments of any of the amibodies, the antibody comprises six HVRs
of 2H7.3. In some embodiments, the antibody comprises VH domain snd VL domain of 2H7.3. In some
smbodiments, the anttbody binds an isoform c-specific region of the extracelbilar domain of FeRHSe
{e.g., 1g-like domain 93, In soms embodiments, the antibody is cross reactive with full length human
and cyro FeRHS. In sorse embodiments, the antibody doss not significantly cross react with FeRHMI,
FeRH3Z, andfor FeRH4. In some embeoediments, the antibody binds to endogenocus FoRHS. In some
arnbodiments, the antibody binds B-cells. In some embodiments, the antibody does not significantly
bind MK cells snd/or monooyiss.

Provided hereln, and in some embodiments, are antibodigs comprising a) 2 heavy chain
comprising a HVR-HI comprising the amino acid sequence of SEQ I NOG41, HVR-H2 comprising
the amino soid sequence of SEQ I NOAS, and HVR-HI comprising the amino acid sequence of SEQ
I WNOE9; andior bl a light chain comnprising s BVR-L1 comprising the smine acid sequence of SEQ
I NG5, HVR-LE comprising the amino acid ssguenee of SEQ 1D NOIT7, and HYR-LE comprising
the amine acid sequence of SEQ ID NG:29. In some embodiments, the heavy chain comprising a HVRE-
Hi comprising the amine acid sequence of SEQ 1 NO:33, HVR-HZ comprising the amine acid
seguence of 3EQ I N7, and HVR-H3I comprising the amino acid sequence of SEQ D N0 101, In
some embodiments, the antibody comprises a VH sequence having at least about any of %09, 51%,
2%, 93%, 94%, B93%, 96%, 97%, B8, 89%, or 100% sequence dentity to the aminge scid sequence of
SEG ID NG:117 and/or a VL sequence having at least about any of 0%, 9196, 2%, 93%, 94%, §5%,
969, 9T%, §8%, 99%, or 100% sequence identity to the aming scid sequence of SEQ ID NG:116. In
some embodirents, the antibody comprises 8 VH seguence of SEQ I NO:1E7 andfor a VL sequence
of SEQ B MO 16, In some embodiments of any of the antibodies, the antibody comprises six HVRs
of 344.2. In some smbodiments, the antihody comprises VH domain and VL domain of 3442, I some
embadimenis, the antibody binds an tsoform ¢-specific region of the exiracellular domain of FeRHS¢
{e.g., Ig-like domain 9. 1o stine emsbodiments, the antibody is cross reactive with full length human
and cyno FeRHS. In some embodiments, the antibody does not sigmificantly cross react with FeRH1,
FeRIMZ, FeRM3, snd/or FeRH4. In some embodiments, the antibody binds to endogenous FeRES. In
sorne ernbodiments, the antibody binds B-cells, In some embodiments, the antibody does not
significantly bind WX cells and/or monocyles,

Provided herein, and in some embodiments, ars anttbodies comprising a) a heavy chain
comprising a HVRE-HT comprising the smino acid sequence of SEG 1D NO42, HVR-HZ comprising
the amino acid sequence of SEG 1D NG:6s, and HVE-H3 comprising the aming acid sequence of 5B
1D NO:ST; and/or B} a light chain comprising a HVR-L1 comprising the amino acid sequence of SBQ
10 NCes, BVE-LZ comprising the aming acid sequence of SEQ 1D MO0 E, and BVRALS comprising
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the aming acid sequence of SEQ 1D NOG:30. In some embodiments, the heavy chain comprising 2 HVR-
H1 comprising the amine acid sequence of SEQ ID NO:54, HVR-HZ comprising the amine acid
sequence of SEQ 1D NO:73, and HVR-H3 comprising the amino acid sequence of SEQ 1D NG102, In
some embodiments, the anthody comprises a VH sequence having at least about any of $0%, 51%,
9255, G3%, 949, 9595, 6%, 97%, 2854, 99%, or 100% sequence identity to the amine acid sequence of
SEQ I NG 19 andfor & VI sequence having at least about any of 3%, 81%, 92%, $3%, 84%, 93%,
85%, ¥7%%, 98%, 98%, or 100% sequence identity to the amino acid sequence of SEQ IDNG:IIE. In
sore embodiments, the antibody comprises 2 VH sequence of SEQ 1D NG:119 and/or 3 VL sequence
of SEG ID NG:11E, In somy smbodiments of any of the antibodies, the antibody comprises six HYRs
of 3B12.1.1. In some embodiments, the antibody comprises VH domain snd VL domain of 381211 In
sorne ernbodiments, the antibody binds an isoform o-specific region of the exiracelinlar domain of
FeRHSc {e.g., Ig-like domain 9}. In sume embodiments, the antibody is oross reactive with full length
human and cyno FeRIS. In some smbodiments, the antibody does oot significantly cross react with
P, FeRH2, FeRH3, and/or FeRHA4. In some embodiments, the antibody binds to endogenous
FeRHS. In some smbodiments, the antibody binds B-colis. In stme embodiments, the antibody does not
significantly bingd NK cells andfor monocytes. In some embodiments, the antibody does not
significantly cross react with FeR¥Sa.

Provided herein, and in some emboidiments, are antibodies comprising 8} 8 heavy chain
comprising a HVE-H1 comprising the amino acid sequence of SEQ D NG:43, HVE-H2 comprising
the amino acid seguence of SEQ ) NG57, and HYR-H3 comprising the aming acid sequence of SEQ
D DIO:OL; and/or b} 2 light chain comprising 2 HVR-LI comprising the amine acid sequence of SEQ
I8 NG7, HVR-LZ comprising the amino acid sequence of 3EQ I3 NOTS, and HYR-LS comprising
the amine acid sequence of SEQ 10 NO31L In some embodimentis, the heavy chain comprising & HVE-
H1 comprising the amins acid sequence of SEQ 1D KNG53, HVR-H2 comprising the amino acid
sequence of SEQ 1D NG:79, and HVE-H3 comprising the amine acid sequence of SEG I NCH1G3. In
some embodiments, the satibody comprises a VH sequence having st feast about any of 509%, ¢1%,
2%, 93%, 8495, 95%, 98%, $7%, 98%, $994, or 100% sequence identity 1o the sming scid sequence of
SEQ Wy NO:I2T andfor a VU sequence having at least about amy of 0%, 9196, 82%, 93%, 94%, 5%,
G65%, 97%, 98%, 99%, or 100% sequence wdentity 1o the amunc acid sequence of 3EQ ID NGH128. In
some smbodiments, the antibody comprises 2 YH sequence of SEQ ID NG:121 andfor 2 VL sequence
of SEQ ID NOGH20. In some embodiments of any of the antibodies, the antibody comprises six HV s
of 3C10. In some embodiments, the antibody comprises VH domain and VL domain of 3C10. In some
emtbodimenis, the antibody binds an sofonmn c-specific region of the extracellular domain of FeRMSe
{e.g., Ig-like domain 9}, I some smbodiments, the antibody s cross reactive with full Tength buman
and cyno FeRHS. In some embodiments, the antibody does not significantly cross react with FcRHI,

FoRHZ, FoRH3, and/or FeRH4, In some embodiments, the antibody binds 1o endogenous FeRHS. In
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some embodiments, the antibedy binds B-cells, In some embodiments, the antibody does not
significantly bind MK cells and/or monocytes.

Provided herein, and in some smboidments, are antibedies comprising a) 8 heavy chain
comprising a HYR-HI comprising the aming acid sequence of SEQ D NOw44, BVR-HZ comprising
the amino acid sequence of SEQ 1D NO:6E, and HVR-H3I comprising the amino acid soquence of SEQ
BB NO:9Z; and/or BY & bght chain comprising 2 HYR-LI comprising the amine acid ssguence of SEQ
I NOE, HYR-LE comprising the amine acid sequence of SEQ ID NO:20, and HVR-L3 comprising
the ameino acid sequence of SEQ I3 MO32. In some embodiments, the heavy chain comprising 8 HYR-
Hi comprising the amino scid sequence of SEQG ID NG54, HVRE-H2 comprising the amino acid
sequence of 8EC ID NCREG, and HVRVHS comprising the amino acid sequence of SEQ 1D NO:I104. In
somne emnbodiments, the antibody comprises a VH sequence having at least about any of %0%, 91%,
92%%, B3%, 945, 95Y%, 96%6, 97%, 98%, ¥9%, or 100% sequence identity 1o the amino acid sequence of
SEG MO 23 anddor 8 VL sequence having at least about any of 90%, 81%, 92%, 93%, 04%, 95%,
6%, §7%, 98, 80%, or 100% ssquence identity to the amine acid sequence of 8EQ I NO:122. In
some smthodiments, the antibody comprises 3 VH sequence of SEQ 1D NO:123 and/or a VL sequence
of SEG D NO122, In some embodiments of any of the antibodies, the antibody comprises six HVERs
of 3F10. In some embodiments, the antibody comprises VH domain and VL domain of 3F10. In some
embodiments, the antibody binds an {soform c-specific region of the extracelhular domain of FeRMSe
{e.g., Ig-like domain 8}, In some embodiments, the antibody is cross resctive with fal] length bumean
and cyno FeRHS. In some embodiments, the antibody does not significantly cross react with FeRH1,
FeRH2, FeRHS, and/or FeRH4. In some ersbodiments, the antibody binds to epdogenous FeRHS, In
some smbodiments, the antibody binds B-colls. In some embodiments, the antibody doss not
significantly bind NE cells snd/or monogytes, In some embodiments, the satibody does not
significantly cross react with FoRHSa,

Provided hersin, and in some emboidments, are antibodies comprising a} a heavy chain
comprising a HVR-H1 comprising the amine acld sequence of SEQ 1D NG4S, HVR-H2 comprising
the amine acid sequence of SEQ D MNO:6Y, and HVE-H3 comprising the aminoe acid sequence of SEQ
13 NG9S, anddor by a Hght chain comprising 3 BYR-L1 comprising the amine acid sequence of SEQ
0 NG9, HVR-LZ comprising the amino acid sequence of SEQ D NG:21, and HVE-L3 comprising
the amine acid sequence of SEQ 1D MO:33. In some embodiments, the heavy chain comprising s HVR-
HY comprising the amino acid sequence of SEQ 12 MNOST, HVR-H2 comprising the amine acid
sequence of SEQ I N8, and HVR-H3 comprising the amino acid sequence of SEQ ID MO0 In
some embodimends, the antibody comprises 3 Vi sequence having at least about any of 90%, 91%,
82%, 935, 84%, B3%, 9654, 87%, 98%, ¥9%, or 100% sequence identity to the amine acid sequence of
SEQ I3 NO12S andlor 2 VL sequence having at least sbout any of 0%, 919, 92%, 3%, 94%, 95%,
979G, 7%, 98%, 99%%, or 100% sequence identily 1o the amine acid sequence of SEQ IDNG:124. In

soune embodiments, the antibody comprises a VH seguence of SBEQ ID NO: 125 andfor a VL seguence
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of SEQ {3 NO124, In some embodiments of any of the antibodies, the antibody comprises six HVRs
of 3(33. In somme embodiments, the antitbody comprises VH domain and VL domain of 3G3. In some
grobodiments, the antibody binds an lsoform cospecific region of the extracetiular domain of FeRHSe
{e.g., Ig-hike domam 93, In some embodiments, the antihody is cross reactive with full length human
and cyno FeRHS, In some embodiments, the antibody does not significantly cross react with FeRH],
FeRI2, FeRHY, and/or FcRHE4, In some smbodiments, the antibody binds to endogenous FoRHS. In
some embodiments, the antibody binds B-cells, In some embodiments, the antibody does not
significantly bind NK cells and/or monocytes. In some embodiments, the antibody does not
sigritfleantly cross react with FoRESa.

Provided herein, and in some emboidments, are antibodies comprising 3} 2 heavy chain
comprising s HYR-H1 comprising the amine acid sequence of SEQ D NG:46, HVR-H2 comprising
the amine acid sequence of SEQ ID NG:70, and HYR-H3 comprising the aming acid sequence of 5B
I MNO:94; andior b} a Heht chain comprising a HYR-L1 comprising the amino acid sequence of SEQ
I8 N1, HVR-LZ comprising the amine acid sequence of SEG 1D NO:22, and BVR-L3 comprising
the amino acid sequence of SEQ 1D NG:34. In some smbodiments, the heavy chaio comprising a HVR-
Hi comprising the amine acid sequencs of SECQ ID N(G:58, HVR-H2 comprising the amino acid
secuence of 3ECQ [D NCH&Z, and HVR-HI comprising the amine acid sequence of SEQ [ NGHIGE In
some embodiments, the antibody comprises a YH seqguence having at least about any of 9094, $13%4,
2%, 9355, 94%, 95%, 9654, $7%, 98%, 99%4, or 100% sequence identity to the amino acid sequence of
SEQ Y NO27 andfor 2 VL sequence having at least sbout any of 90%, 9196, 82%, 9394, 94%;, 5%,
6%, 97%, 98%, 59%, or 100% sequisnce identity to the armine acid sequence of SEG ID NG: 126 In
sorme embodiments, the antibody coraprises a VH segquence of SEQ D NG:127 and/or a VL sequence
of SEG ID NGO 26, In some embodiments of any of the antibodies, the antibody comprises six HVRs
of 3(37.1.5. In some embodimants, the antibody comprises VH domain and VL domain of 3G7.1.5. In
some embodiments, the antibody binds an isoform c-specific region of the extracelivlar domain of
FeRHMSe {e g, Ig-bke domain 9}. In some embodiments, the antibody is cross resctive with full length
human and cyno FeRES. In some e:mbadimants; the antibody does not significantly cross react with
FoRFL, FeRE2, FeRHA, and/or FeRH4Y. 1o some embodiments, the antibody binds o endogenous
FeRES, In some embodiments, the antibody binds B-cslle. In some embodiments, the antibody doss not
signiticantly bind NK cells and/or monocovies,

Provided herein, and in some emboidments, are antibodies comprising a) a heavy chain
comprising a HVR-H1 comprising the amine acid sequence of SEQ 1D MNOi47, HVER-HZ comprising
the amine acid sequence of SEQ I MO, and HVEAS comprising the amino acid sequence of S5EG
D WNG93; and/or by 2 light chain comprising 8 HVR-L1 comprising the amine geid sequence of SEG
0 MO, HVRALE comprising the amine acid sequence of SEQ D NG23, sod HVR-L3 comprising
the aming acid sequence of SEQ I NO35. In some embodiments, the heavy chain comprising s HVR-

H1 comprising the aming scid sequence of SEG [T MO39, HVR-H2 comprising the amuno acid
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sequensce of SEQ D NOn2R3, and HVER-H3 comprising the aming acid sequence of SEQ D NOIOT. In
soms smbodiments, the antibody comprises 2 VH sequence having at least about any of 909, 1%,
B25%%, 93%, 94%, 83%, 96%, 7%, 989%, 9995, ar 100% sequence idenitty 1o the amino acid sequense of
SEG D NO129 andfor 2 VL sequencs having at least about any of $0%, 91%, 929, 93%, 94%, 93%,
6%, 97%, B8%, 99%, or 100% sequence identity 1o the amine acid sequence of SEQ ID NCG:128. In
some ambodiments, the sutibody comprises 8 VH seguence of 88 1D NO129 andfor 2 VL sequence
of SEQ 1D NO:128, In some embodiments of any of the antibodies, the antibody comprises six HVRs
of 5A410.1.3. Inn some embodiments, the antibody comprises VI domain and VL domain of 341013,
In some embodiments, the antibody binds an soform c-specific region of the extracelbular domain of
FeRHS3c {e.g., Ig-like domain 9). In some embodiments, the antibody is cross regctive with full length
human ard cyno FeRHS, In some embodimenis, the antibody does not significantly cross react with
FeRHL, FeRIZ, FeRH3, and/or FeRFA. In some embodiments, the antibody binde to endogenous
FeRHS. In some aimbodiments, the antibody binds B-cells, In some embodiments, the antibody does not
significantly bind NK celis andfor monooytes,

Provided heretn, and in some emboidments, are antibodies comprising a) 8 heavy chain
comprising a HYR-HI comprising the amino acid sequence of SEQ 12 NO:438, HVR-H2 comprising
the arnine scid sequence of SEQ D MOTE, and HVR-H3 comprising the amino acid sequence of SEQ
12 NG96; andior b a fight chain comprising a HYR-L1 comprising the amino acid sequence of 8EQ
10 NO 2, HVR-L2 comprising the aming acid sequence of SEQ 1D NO:24, and HVR-L3 comprising
the aming acid sequence of SEQ I NO36. In some embodiments, the heavy chain comprising a HVR-
Hi comprising the amine scid sequence of SEQ I3 N0, HYRAH2 comprising the aming seid
sequence of BEQ [T MNOB4, and HYR-HI comprising the amino acid sequence of 8EQ D NO:08. In
some embodiments, the antdbody comprises 3 VH sequence having at least about any of $09%, 81%,
92%, B3%, 94%, 355, 865, 97%, B8%, 99%, or 100% seuence identity to the amine acid sequence of
SEQ ID NO:31 andfor a VL segnence having at least about any of 90%, ©1%, €235, 83%, 84%4, 9589%,
6%, 97%, 98%, ¥9%, or 100% sequence identity to the aming scid seguence of SEQ ID NO:130. In
some embodiments, the anttbody comprises a VH sequence of SEG 1D MO 31 andfor a VL sequence
of SEG 1D NG 130, In same emmbodiments of any of the antibodies, the antibody comprises six HVBs
of 5F1.1.5. In some embodiments, the antibody comprises VH domain and VL domain of SF11.5. In
some embodiments, the antbody binds an isoform c-specific region of the extracellular domain of
FolH5¢ {e.g., Ig-like domain 9}, In some embodiments, the antibody is cross reaciive with full length
human and cvno FeRHS. In some embodiments, the antibody does not significantly cross react with
FoRHI, FeRM2Z, FeRHY, and/or FeRB4. In some embodiments, the antibody binds to endogenous
FeRHMA, In some embodiments, the antibody binds B-cells. In some embodiments, the antibody doss not
significantly bind KK cells and/or monocytes. In some embodiments, the antibody does not

significantly cross react with FeRH3g,
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Provided herein, and in some emboidments, are anfibodies comprising a) a heavy chain
comprising 2 HVR-HI comprising the amino acid sequence of SEQ 1D N4, HVR-HZ comprising
the amino acid sequence of SEQ 1D NG73, and HVR-H3 comprising the amino acid sequence of SEQ
I NO:97; andfor b} a light chain comprising a HYR-L1 comprising the amino acid sequence of 8EQ
10 NO3, BYR-L2 comprising the amino acid sequence of $EQ 1D NG:23, and HVYR-L3 comprising
the amino acid sequence of 3EQ ID NG:37. In some embodiments, the heavy chain comprising a HVR-

Hi comprising the amino acid seguence of SEG I3 NO:61, HYR-HZ comprising the amino actd

sequence of BEQ HI NOES, and HYR-H3 comprising the amino acid sequence of 3EQ 1D NG:108. In
some embodiments, the antibody comprises a VH sequence having at least about any of 88%, 1%,
G2%, 3%, B4%, 958%, 86%, D%, 98%, 99%, or 100% sequence identity to the amino acid sequence of
SEQ D NO:133 andror a VL sequence having at least about any of 80%¢, 91%, 92%, 93%, 94%, 95%,
6%, 97%, 98%, 99%, or 100% sequence identity to the amine acid seqguence of SEQ ID NO:132. In
some embodiments, the antibody comprises a VH seguence of SEQ 1D NO: 133 and/or a VL sequence
of BEQ 1D N1 32, In some embodiments of any of the antibodies, the antibody comprises six HV s
of 6532, In some emmboadiments, the antihody comprises YVH domain and VL domain of 602, In some
emmbadiments, the antihody binds an isotorm c-specific region of the extracellular domain of FeRHS¢
{e.g., Ig-like domain 9). In some embodiments, the antibody is oross reastive with fisl length ninan
and cyno FeRHS. [n some embodiments, the antibody does not significantly cross react with FeRH],
FoeRHZ, FeRH3, and/or FcRH4. Tn some embodinments, the antibody binds to endogenous FcRHS. In
some embodiments, the antibody hinds B-cells. In some embodiments, the antibody does not
significantly bind NK cells and/or monocytes,

In a further aspeat provided herein, an anti-FeRHS antibody according to any of the above
embodiments is 2 monoclonal antibody, including 4 chimeric, humanized or human antibody. In one
embodiment, si anti-FeRHS antibody is an antibody fragment, e.g., a Fv, Fab, Fab’, sc¥v, diabody, or
F(ab’}, fragment. In another embodiment, the antibody is a substantially full length antibody, e.g., an
[gG1 antibody or other antibody class or isotype as defined herein.

in a further aspect, the invention provides an antibody that binds o the same epitope 4s an anti-
FcRHS antibody provided berein. In certain embodiments, an antibody is provided that binds an
isotorm c-specific region of the extracellular domain of FeRHS5¢ From, within, or overlapping amino
acids 754-835 of 3EQ ID NO:1,

In some embodiments of any of the anti-FeRHS antibadies, the FeRHS antibody, particularly an
FeRHS bispecific (e g., anti-CH3/anti-FeRHS bispecific), may have features, singly or in combination,
based spon HEK cell line assays {HEK cells reconstituted with necessary signaling components for the
TCR triggering as described in James and Valle, Naswre 487.64-6% (2012}, In some embodiments, the
features, singly or in combination, may inchude tumor cell interphase/immunclogical synapse,
Lek-mediated TOR phosphorviation, ZAP70 activity including phosphorylation state and localization,

CD358 activity including localization and binding, BrAr

38

Date Regue/Date Received 2020-09-29



140

]
LA

CA 02915480 2015-12-14

WO 2014/210064 PCT/US2014/043952

aotivity including localization and binding, CAAX activity inciuding localization and binding CD43
activity including localization, pMHO activity including localization, and/or TCR activity amd
triggering features,

In a further aspect, an anti~-FoRHS antibody according to any of the above embodiments may
imcorporate any of the features, singly or in combination, as described in (a)-{e) and/or Sections -7
helow,

(6} binds an isoform c-specific region of the extracellular domain of FeRH3e

Methods of determining whether an anti-F ::RHﬁ anttbody binds 1o an isoform c-specific region
of the extracelinlar domain of FeRBHF S0 are known in the art. In some smbodiments, binding of an anti-
FoRIES antibody to an soform o-specific region of the extracellular domain of FeRHSc may be
determined by expressing FoRHS polypeptides with N- and C-terminal deletions 1n 293 cells and/or
SWTZ cells and testing by FAUS as described in the Examples binding of the antibody (o the trancated
polypeptides. In some embodiments, a substantial reduction (& 709 reduction) or elimination of
binding of the antibody to a truncated polypeptide relative 1o binding to full-length FeBHS expressed in
293 cells indicates that the antibody does not bind to that truncated polypeptide,

In some embodiments, the isoform c-specific raglon comprises Ig-tike domain 9. In some
ginbodiments, the Ig-like domain 9 is also called Ig-like C2-type 8. In sorne embodiments, the isoform
c-specific region comprises amino acids 734-838 of BEQ D NO:L. In some embodiments, the isoform
c-specific region comprises amino acids 752-834 of SEQ I N1, I some embodiments, the isofarm
c-apeciic region comprises entne acids 743-850 of SEQ ID NO: 1, In some embodimenis, the isoform
c-specific region comprises amnine acids 745-851 of SEQ D NO: 1. In some embodiments, the isoform
c-gpectiie reglon comprises aming scids abowtl any of 1, 1,3, 4,5, 6,7, 8,9, 10, 11, 12, 13, 14, or 15
from the Nterminal and/or C-terminal boundary. In some embodiments, the isoform c-specific region
conprises amine acids from about any of 750, 751, 752, 733, or 754 to about any of 8380, 31, 832, 833,
8§34, 8335, or §36 of SEQ 1D NO:1. In some embodiments, FeRHS is human FeRMS. In some
embodiments, FeRHS is haman FoRHS or synomolges monkey FeRF3S,

(Bt oress reacts with (binds) luman and cyno FeRHS with an affinity of <5 nM or <4 aM, or

L3 al or K2 alM or <] ald and cptionally = 0.0001 add or 2 0,001 niM or 2 0.0F nA

Maethods of delermining binding affinity are known i the arl. In some embodiments, the
sxample, as described in the Examples.

fn some smbodiments, the anti-FeRHS sntibody binds human and/or cyno FeRHS with an
affinliy of about any of <5 oM, or <4 oM, or <3 oM, or <2 nM, or < | nbd. In some embodimenis, the
anti-FeRHS antibody binds human and/or cyno FeRHS with an affinity of about <3, In some
embodiments, the anti-FoeRHS antibody binds human and/or cyno FeRHS with an affinity of about < 4
nb. In sorne embodiments, the antt-FeRHS antibody binds human and/or cyno FeRHS with an affinity

of about <3 aM. In some embodiments, the anti-FCRFS antibody binds human and/or cyno FoRHS
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with an affinity of about <2 oM. In some embodiments, FeRH3 is human FeRHS. In some
esmbodiments, FeRHS s cynomolgus monkey FoRHS,
{c} does not cross react with (does not bind) FeRFHI, FeRH2, FoBH3, and/or FeRFH4

Methods of detenmining binding are known in the art. In some embodiments, the binding
affinity may be determined aceording 1o 3 BlAcore” agsay, Facs, BLISA, and [HC, for example, 38
deseribed in the BExamples.

In some embodiments, the anti-FeRHS antibody binds FeRES with an affinity of more than
about any of 2.5, 10, 20, 30, 100, 300, or 1000-fold greater than FeRHE1, FoRHZ, FoRH3, andfor
FeRH4. In some ambodiments, FeRH is human FeRE.

() does not cross veact with (does not bind) FeRMH3a

Methods of determining binding are known in the art, In some embodiments, the binding
affinity may be determined according 1o a Blacors” assay, Facs, ELISA, and [HC, for example, as
described in the Exampies.

In some embodiments, the anth-FCRHS antibody binds FeRHFSe with an affinity of more than
about any of 2, 5, 10, 20, 30, 100, 500, or 1000-fold greater than FeRHSa. In some embodiments, FoRH
is human FeRH.

{2} doez nof cross react with another fg-like domain (does not bind} of FoRHS

Methods of determining binding are koown in the art. In some embodiments, the binding
af¥inity may be determined according to a BlAcors”™ assay, Facs, ELISA, and THC, for example, as
described in the Examples.

in some embodiments, the anti-FoBHS antibody binds Ig-like domain 9 of FeRHS with an
affinity of more than about any of 2, 5, 10, 20, 54, 100, 540, or 1000-fold greater than {g-like domain 1,
2,3, 4,5, 6,7, and/or § of FeRHS. In some embodiments, FeRH is human FeRH. In some
embodiments, the Ig-like domam s {g-like domain 1 {aa 23-100 of SEQ D WO, Ig-like domain 2
105-185 of SEQ 1D MO, Ig-like domain 3 {aa 188-271 of 8B 1D NGO, Ip-like domain 4 {287-3
of SEG 1B NG, Ig-like dorain § {aa 380-406 of SEG 1D NG, {p-like domain 6 {aa 490-555 of
SEQ I NO, Ig-like domain 7 {as 368-652 of SEG ID WO:1}, Ig-like domain & {aa §58-731 of 8B
Nty
Binding Assays and (ther dssays
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In one aspect, an anti-FeRHS antibody is tested for its antigen binding activity. For example, In
certain embediments, an anti-FeRIMS antibody is teated for its ability 1o bind to FoRHS expressed on the
surtace of a cell. A FACS assay may be used for such testing,

In an exemplary competition assay, immobilized FcRHS is incubated in a solution comprising a
first labeled antibody that binds to FoRHS and 2 ssoond unlabeled antibody that is being tesied for its
ability 1o compete with the first antibody for binding to FeBHS. The second antibody may be present in
a hybridoms supernatant. As a contral, inmobilized FeRHES is meubated in s solution comprising the

first laheled antibody but not the second unlabeled antibody, After incubaiion under conditions
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permissive for binding of the first antibody to FeRH3, excess unbound antibody is removed, and the
amount of label assoclated with immebilized FoRHS is measured. If the amount of label associated with
tinobilized FCRHS is substantially redvced in the test sample relative to the control sample, then that
mndicates that the second antibody is competing with the first antibody for binding to FeRHS. In certain
ermbodiments, immabilized FoRES is present on the surface of a cell or in a membrane preparation
ohiained from a cell expressing FeRIS on its surface.

In one aspect, purified ant-FeRHS anubodies can be fwther characterized by a series of assays
including, but not lmited 1o, N-terminal sequencing, aming acid analysis, non-denaturing size
exclusion bigh pressure liguid clwomatography (HPLC), mass spectrometry, ion exchange
chrosnaiography and papain digestion. In one embodiment, conternplated are an altered antibody that
possesses some but not sll effector functions, which make it a desirable candidate for many applications
in which the half life of the antibody in vivo is important vel certain effector functions {such as
complement and ADCC) are unnecessary or deleterious. In certain embodiments, the Fo activitiss of the
antibody are measured to ensure that only the desired properties are mamtained. In vitrs andfor in vive
eytotoxicity asszys can be conducted o confinm the redoction/depletion of CDC andior ADCC
activities, For example, Fo receptor (FeR) binding assays can be conductad 1o ensurs that the antibody
iacks FeyR binding (hence likely lacking ADUC activity}, but retains FoRa binding ability. The
primary cells for mediating ADCC, WK cells, express Fo(RIT only, whereas monocvies express Fo(R],
Fe(RI and FedRIL FeR expression on hematopoletic cells s sunumarized in Table 3 on page 464 of
Ravetch and Kinet, Annu. Rev, Inupunel, 9:457-92 (1991). An example of an in vitro assay {0 88588
ADCC aorivity of a molecule of interest is described in U8, Pat. N 5,500,362 or 5,821,337, Useful
effector cells for such assays inchude peripheral blooed mononuclear cells (PRMC) and Maturas] Killer
{NE) cells. Alteroatively, or additionally, ADCC activity of the molecule of interest may be assessed in
vivo, e.g., in 2 animal model such as that disclosed in Clynes ef o/, PMNAS (USA) 95:652-656 {1998},
Clg binding 3ssays may alse be carried cut to confirm that the antibody is unable to bind Clyg and
hence lasks CDC activity. To assess complement activation, a CDC assay, 2.2, as deseribed in
Gazeane-Santoro ef of,, §. Trmanol, Methods 202:163 {19963, may be performed. Foln binding and in
vivo clearsnce/half life determinations can also be performed using methods known in the art,

1. Anglhody Affinity

In certain embodiments, an antibody provided herein has o dissociation constant (Kd) of
< 1pM, < 100 oM, < 10 M, < 1 add, £0.1 b, <0.01 oM, or <0001 oM, and opticnally is > 1077 M.
{eg W Morless, e.g from 107 M0 10 M, eg, from 167 Mo 107 M)

In some embodiments, K.d may be measured by a radiolabeled antigen binding assay (RIA}
performed with the Fab version of an antibody of interest and s antigen as described by the following
assay. Solotion binding affinity of Fabs for antigen may be measured by equilibrating Fab with a

inimal concentration of {7 ¥i-labeled antigen in the presence of a titration series of unlabeled antigen,

then capturing bound aniigen with an amti-Fab antibody-costed plais (see, e.g., Chen et ¢l £ Mol Biol
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293:865-881(19997). To establish conditions for the assay, MICROTIVER® mwlt-well plates {Thermeo
Sewntific) may be coated overnight with § pg/mi of a capturing anti-Fab antibody (Cappel Labs) in 30
wib sodium carbonate (pi 8.6}, and subsequently blocked with 2%6 {w/v) bovins s&rs.;m albumin in
PRES for two to five hours at room tempersture {approximately 23°C}, In a non-adsorbent plate (Nune
#2696203, 100 pM or 26 pM [ Fl-antigen are mixed with serial dilutions of a Fab of interest {e.g.,
consistent with assessment of the anti-YEGF antibody, Fab-12, in Presta er ol , Concer Res. §7:4593-
4598 (1997}, The Fab of interest iz then incubated overnight; however, the incubation may continue for
a longer period {e.g., about 45 hours) to ensure that equilibrivm is reached. Thereafier, the minmres
may be transferred 1o the capture plate for incubation at room temperature {eg., for one bour}, The
sobution may be then removed and the plate washed elght tmes with 8.19% polysorbate 20 {TWEEN-
207} in PBS. When the plates have dried, 130 pl/well of scintillant (MICROSCINT-20™ Packard)
may be added, snd the plates may be counted on a TOPCOUNT ™ gamma counter (Packard) for tan
minuiss. Concentrations of sach Fab that give less than or equal to 20% of maximal binding may be
chosen for use in competitive binding assays.

According to another embodiment, Kd is measured using surface plasmon resonance assays
using a BIACORE-2000 or a BIACORE™-3000 {BlAcore, Inc., Piscataway, NI} ai 25°C with
gnmobilized antigen CMS chips at ~10 response units {RU}. Briefly, carboxymethylated dextran
biosensor chips (CMS5, BIACORE, Ine.} may be sctivated with N-ethyvl-N '~ (3-dimethylammopropyl)-
carbodiimide hydrochloride (EDC)Y and M-hydroxysuecinimide (NHS) secording 1o the supplier’s
instructions. Antigen may be diluted with 19 mM sodium acetate, pH 4.8, 10 5 pg/mi {~0.2 uM) betore
injection at a flow ratz of § pl/minute to achieve spproximately 1€ response units (RU) of coupled
protein, Following the injection of antigen, T M sthanolamine may be injected to block unreactad
groups. For kinstics measurernenss, two-Told serial dilutions of Falb (0.78 nM o 300 oM} may be
injected in PBY with 0.05% polysorbate 20 (TWEEN-20"" surfactant (PRET) at 25°C at a flow rate of
approximately 25 pl/min, Association rates (k3 and dissociation rates (km‘.') may be caloulated using a
siimple ong-to-one Langmuir binding model (BIACORE® Evaluation Software version 3.2) by
simuoltaneously Hiting the association and dissociation seruorgrams. The equilibriom dissociation

comstant (Kd) may be caloulated as the ratio k /& See, eg., Chenetal, J Mol Biol 193855881

{1989}, If the on-rale exceeds 106 M"E s'l by the surface plasmon resonance assay above, then the on-rate
may be determined by using 8 Buorescent quenching technigue that measures the increase or decrease
in fluorescence emission intensity {excitation = 293 nm; emission = 340 nm, 16 om band-pass) at 25°C
of a 20 i anti-antigen antibody (Fab form) in PBS, pH 7.2, in the presence of increasing
soncentrations of antigen as measired in 8 spectrometer, such as a stop-flow equipped spectrophormeter
{Aviv Instraments} or a 8000-series SLM-AMINCO ™ spectropheotometer {ThermoSpecironic) with a

stirred cuvetie,
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2. Auntlbody Fragments

in certain embodiments, an antibody provided herein is an antibody fragment. Antibody
fragments inchide, bt are not Hmited to, Fab, Fab’, Fab’-SH, Flab’}, Fv, and scFv fragments, and
other fraginents deseribed below. For a review of certain antibody fragments, see Hudson ef o/, Nar.
Med. 9:129-134 (2003}, For a review of scFv fragiments, see, eg., Pluckthin, in The Pharmacology of
Monoclonal Antibodies, vol. 113, Rosenburg and Moore eds., (Springer-Verlag, New York), pp. 269-
315 (1994); see qiso WO 93/16185; and 118, Patent Nos. 5,571,294 and 3,587,458, For discussion of
Fab and F{ab'), fragments comprising salvags receptor binding epliope residuss and having increased in
vive half-life, see UL, Patent No. 5,868,048,

Digbodies are sutibody fragments with two antigen-binding sites that may be bivalent or
bispecific. See, for example, EP 404,097, WO 1993/01161; Hudson er al, Nar. Med $:128-134 (2003
and Hollinger et af., Proc. Natl Acad. Sci. US4 90: 54446448 {1993}, Triabodies and tetrabodies are
also described tn Hudson ef ol Nat Med, 91298134 (2003},

Single-domain antibedies are antibody fragments comprising all or a portion of the heavy chain
variable domain or all or a portion of the light chain variable domain of an antibody, T certain
embodiments, a single-domain antibody is a human single-domain antibody {Domantis, Inc,, Waltham,
MA; see, e g, U8, Patent No, 6,248,516 Bl

Antibody fragments can be made by various techniques, including but not imited to proteoiviic
digestion of an intact anttbody as well a5 production by recombinan: host cells {e.g. £ coli or phage), as
described herein.

3. Chimeric and Fumanized dntibodies

In certain embodiments, an antibody provided herein is a chimerie antibody. Certain chimeric
anttbodies are described, e.g., in U.S. Patent No. 4,816,567; and Morrison et af, Froc. Nadl dead, Sci
US4, 81:6851-6855 (1984)). In one exarple, a chimeric anithody comprises a non-human variahle
region {e.g., a varighle reglon derived frorn a raomise, rat, hamster, rabbit, or non-humen primate, such
as a monkey) and a hameo constant region. In 8 further example, 2 chimeric antihody is 2 “class
switched” antibody {n which the class or subelass has been changed from that of the parent antibody.
Chimeric antihodies tnclude antigen-binding fragmenis thereof

in certain embodiments, a chimeric antibody i» 3 humanized antibody. Typically, o non-human
antibody is humenized to reduce immunogenicity to humans, while retaining the specificity and affinity
of the paremtal nen-huiman antthody, Generally, a humanized antibody comprises one or more variable
domains in which HVRs, e.g., CDRs, {(or portions thereot) are derived from & non-human antibody, and
FRs {or portions thereot) are derived frorm heman antibedy seguences. A humanized antibody
optionally will alse comprise at least g portion of @ human constant vegion. In some embodiments, sorme
FR residuss o a humanized antibody are substituted with corresponding residues from a non-human
antibody {e 2., the antibody from which the HVE residues are derived), e.g., 1 restore or improve

antibody specificity or affinty.
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Humanized anéibodies snd methods of making them are reviewsd, e.g., in Almagro and
Fransson, Froad Biosci. 13:1619-1633 (2008}, and are further deseribed, e g, in Riechmans e af,
Noture 3323332328 (1988, Queen e al., Proc. Nat'l Acad, 3ci, US4 §6:10028-106033 {1989, US
Patent Nos, §, 821,337, 7,527,791, 6,982,321, and 7,087 409; Kashmini ef of., Methods 36:25-34 {2005
{describing SDR (a-CDR) grafing); Padlan, Mol oo, 28439488 {1991} (describing
“resurfacing”y; Dall’ Acqua et al, Methods 36:43-60 (2005} {describing “FR shufiling”); and Oshourn
et al., Mesthods 36:61-68 (2005) and Klimka ef ¢l 8r. J Cancer, 83:252-260 {2000} {describing the
“mmided selection” approach (o FR shuffling},

Human framework regions that may be used for humanization include but are not limited to!
framework regions selected using the "best-Tit" method {vee, 2.g., Sims ef ol J wmunsl 151:2286
{19933} framework regions derived from the consensus sequence of human antibodies of  particular
subgroup of light or heavy chain variable regions {see, e.g., Carter et ¢l Proc. Nad dead. Sci. U84,
BG:4285 (1990, and Presta ef gl S fnonuncl, 1512623 {19933 human mature {somatically nutated)
framewaork regions or buman germoline framework regions {see, e.g., Almagro and Fransson, Frond
Binsci. 13:1619-1633 {2008})); and framework regions derived from screening FR libraries (see, .z,
Baca ot al., 4. Biol Chem. 27210678-10684 (1997) and Rosok et ol | J. Biol Chem. 370:23611-225818
{19563},

4, Humar Antibodies

In certain embodiments, an antibody provided herein is 2 human antibody. Human antibodies
can be produced using various techoigues known in the art. Fhuman antibodies are described generally
in van Dtk and van de Winkel, Curr. Opin, Pharmocol. 30 368-74 (2001 and Lonberg, Crr. Opin,
Immanol, 20:450-459 (2008},

Human antibodies may be prepared by adndnisiering an imouunogen 1o a transgenic animal that
has been modified to produce intact humean antibodies or intact antibodies with hurnan variable regions
in response w antigenic challenge. Such animals typically contain all or & portion of the buman
tnmunoglobulin locd, which replace the endogenous immunoglobulin loct, or which are present
extrachromosomally or integrated randomly into the animal’s chromosomes. In such transgenic mice,
the endogencus inununoghotwlin loci have generally been inastivated. For review of methods for
ohtaining hurman antibodies from transgenic animals, see Lonberg, Mat Biofech, 23:1117-1125 (2005},
See also, eg., U5, Paient Mos. 6,075,181 and 6,150,584 describing XENOMOUSE™ wchnology; U S.
Fatent Mo, 5,770,429 deseribing HUMAB® technology; U8, Patent No, 7,041,870 desoribing K-M
MOUSE® technclogy, and U8, Patent Application Publication No. U8 2007/006 1900, describing
YELOCIMOUSE® techmology). Human vanable regions from intact antibodies generated by such
animals may be further modified, e g, by combining with a different human constant region.

Huroan antibodies can alse be roade by hybridoma-based methods. Human myeloma and
mouse-Inirmnan heteromyeloma cell lines for the production of human monoclonal antibodies have been

deseribed. {(See, ez, Kogbor J fmmumol, 133: 3001 {1984); Brodeur et ol | Monaclonal dntibody
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Produciion Technigues and Applications, pp. 31-63 (Marcel Dekker, Ing., New York, 1987); and
Boemer ef af., J Immunol,, 1471 86 {19911.) Huonan antibodies generated via human B-cell hybridoma
sechnology are also described in Li ef al, Froc. Nail dead, Soi US4, 103:3557-3562 {2006).
Additional methods include those described, for example, in U.S. Patent No. 7,189,826 {describing
production of monocional human Igh antibodies from hybridoma cell lines) and Ni, Xandaf
Mianyivue, 26{4%:265-268 (2008} {describing hwoan-human hybridomas), Human hybridoma
weohnology (Triome technology) is also described in Vollmers and Brandlein, Histology and
Histopathology, 20033:927-937 (2003} and Volimers and Brandlein, Merhods and Findings in
Experimental and Clinical Pharmacology, 27(33185-81 (2005

Human antibodics may also be generated by isolating Fv clone variable domain sequences
selected from buman-derived phage display Hbraries, Such variable domain sequences may then be
combined with a desired Inunan constant domain. Technigues for selecting human antibodies from
antibody Libraries are described below,

5. Library-Derived Antibodies

Antibodies provided hersin may be isclated by sereening combinatorial lbraries for antibodies
with the desired activily or activities, For example, a variety of methods are known in the art for
generating phage display libraries and screening such librarvies for sntibodies possessing the desired
binding characteristics. Such methods are reviewsd, e.g., tn Hoogenboom ef ¢l in Methods in
Muolecular Biology UVT8:1-37 (3" Brign ef al., ed., Human Press, Totowa, NI, 2001} and further
described, e.g., in the MeCatferty er ol Nafire 348:552-8584; Clackson et al, Nadure 352: 624-628
{1991} Marks or ¢f, J Mol Biol 222: 531-597 {1092); Marks and Bradbury, m Methods in Molecular
Binlogy 248:161-175 (Lo, od., Human Press, Totowa, NI, 2003); Sidhu er af, 7 Mol Biol 33803} 289-
350 {2004y, Lee e ol J. Mol Biol 3403{5) 1073-1083 (2004); Fellouse, Proc. Nail, dead. Sei. US4
0T34y 1246712472 (2004Y; and Les et ol . fnommo!, Methods 28401-3y 1191322004},

In certain phage display methods, repertoires of VH and V1 genes are separately cloned by
polymerase chain resction (PCR) and recombined randomly in phage libraries, which can then be
soreened for antigen-binding phage as described in Winter ef al, Ann. Rev. Tmmunod,, 12; 433-453
{1594}, Phage typically display antibody fragments, sither as single-chain Fv {(scFv) fragments or ag
Fab fragments, Libraries from mmumized sources provide high-affinity antibodies io the tmommogen
without the requirement of constructing hybridomas. Alematively, the naive repertoive can be cloned
{e.g., from human) to provide a single source of antibodies {0 a wide range of noneself and also self
antigens without any mmunization as described by Griffithe et ol EMBCJ, 12 723-734 (1993},
Finally, naive Hbraries can also be made synthetically by cloning norearranged V-gene segmenis from
stem celle, and using PCR privoers containing random sequence to encode the highly variable CDR3
regions and to accomplish rearvangement in vitre, as described by Hoogenboom and Winter, J Mol

Biol, 227 381388 (1992}, Patent publications deseribing humen antibody phage Hbraries include, for
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example: US Patent Mo, 5,750,373, and U8 Paterst Publication Nos, 2003/0079374, 2005/31 19458,
2U03/266000, 20070117126, 20070180508, 2007/0237764, 2007/0292936, and 2009/0002340,

Antibodies or antibody fragments isolated from human andbody Hbraries are considered human
antibodios or human antibody fragments herein.

& Multispecific Antibodies

In certain embodimments, an antibody provided herein is 2 maltispecific antibody, e.g. 2
bispecific antibody. Multispecific antibodies are monoclonal antibodies that have binding specificities
for at least two different sites. In certain embodiments, one of the binding specificities is for FeRHS and
the other s for any other antigen. In certain embodiments, one of the binding specificities is for FeRHS
and the other is for CI3. See, o.g., VLS. Patent No. 3,821,337, In certain embodiments, bispecific
antibodies may bind o two different epitopes of FeRHS. Bispecific antibodics may also be wsed to
Incalize eytotoxie agents to cells which express FeRHS. Bigpecific antibodies can be prepared as full
tength antibodies or antibody Sagments.

in some embodiments, the FeRHS antibodies are FeRHS bispecific antdbodies. Bispecific
antibodies are antibodies thed have binding specificities for at least two different epitopes. Exemplary
bispecific antibodies may bind to two different eptiopes of an FoRHS protein ss described herein, Other
such antibodies may combine an FoRHS binding site with g binding site for another protein.
Alternatively, an anti-FeRHS sro may be combined with an arm which binds to a triggering molecule
on a leukooyte such as a T-oell receptor molecule {e.g. CI3), or Fe receptors for 1gG (FeyR), such as
FeyRI{CO64), FoyRIE{CDEZ) and FoyRUEE {CD16), so as to focus and localize cellular defense
mechanisms o the FeRHS-expressing cell. Bispecific antibodiss may also be used to localize cyictoxic
agents to cells which express FeRHS. These antibodics possess an FoRHS-binding arm and an arm
which binds the cyiotoxic agent {e.g., saporin, anti-interferon  vinca alkalold, ricin A chain,
methotrexate or radioactive isotope hapten). Bispecific antibodies can be prepared as full length
antibodies or anttbody fragments {e.g., ¥{ab'); bispecific antibodies). In stine embodiments, the anti-
FeRHS antibody binds an isoform c-specific region of the extracellular domain of FeRHS5¢. Insome
embodiments, the anti-FoRHS antibodies binds Ig-like domain 9 of FeRI{Se,

In sovne embodinwents, the FeRFS bispecific antibody comprises a first srm, wherein the first
arm binds FeRHS and a second arm, wherein the second amn binds a Fo. The second anm of the FoRHS
bispecific antibody may be any anti-Fo antibody known in the art. For example, WO 956/16673
describes a bispecific anti-ErbB/anii-FoyRIUE antihody and U.B. Pat, No. 5,837,234 discloses a
bispectiic anti-ErbB2/ant-FoyR1 antibody. A bispecific anti-ErbB2/Fea antibody is shown in
WOOR02463. In some embodiments, the anti-FoRHS antibody binds an isoform c-specific region of the
extraceliular domain of FoRHSe. In some embodiments, the anti-FeRHS antibodies binds Tg-like
domain 9 of FeRHS«.

In some embodiments, the FeRHS bispecific antibody comprises a first arm, wherein the first

arm binds FeRHS and a second arm, wherein the second arm binds D3, The second arm of the FeRES
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hispecific antibody may be any anti-CD3 antibody known in the art. 118, Pat, Mos, 5,821,337 and
6,407,213 teach bispecific anti-ErbB2/anti-CD3J antibodies. Additional bispecific antibodies that bind
an epitope on the CB3 artigen and a second epitope have been described. See, for example, U8, Pat.
No. 5,378,998 {anti-CD3 turmor cell antigen); U.S. Pat. No. 5,601,819 {anti-CD3AL-2R; anti-
COYCD2R; anti-CDIAC45); LS, Pat, Mo, 6,129,914 (anti-UD3/malignant B-vell antigen); U.5. Pat,
No. 7,112,324 {anmi-CD3/CH1S); US. Pat. No, 6,723,538 (antd-CDSACCRS); LS, Pat, No. 7,235,641
{anti-CD3EpCARMY; U.S, Pat. No. 7,262,276 (anti-C3 3/ ovarian fumor antigen); and U8, Pat. No.
5,731,168 {ang-CD3/CD41e(). In some embodiments, the anti-CI3 antibedy of the second ann is an
antibody deseribed in any one of WO 2005/1 18635, WO2007/042261, WORIR/1 10567, UK3929212,
USET50325, USG491516, USTY94Z8%, UJST7653641, LIS6T06263, LIS5385097, UKSS8509,
UR3032448, US6129914, USTI81803, 1785834397, andURT7862413. In some embodiments, the
anti-FeRHS antibody binds an isoform c-specific region of the extracellular domain of FeR¥Se. In some
embodiments, the anti-FeRHS antibodies binds Ig-like domain 9 of FeRH3¢.

Technigues for making roultispecific antibodies include, but are not limsted to, recombinant co-
expression of two immunoglobulin beavy chain-light chain pairs having different specificities (see
Milstein and Cuello, Nogre 3050 537 (19833, WO 93/058829, and Traunecker er of, EMBO J. 10: 3633
{19511}, and “kuob-in-hole” engineering {see, e.g., U.S. Patent Mo, 5,731,16R). Multi-specific
anttibodies may also be made by engineering electrostatic steering effects for making antibody Fe-
keterodimeric molecules (WO 200G/089004A1); cross-finking two or more antibodies or fragrnents
{see, e.g., US Patent No. 4,675,980, and Brennan ef af, Science, 229: 81 (1985)); uwsing leucine zippers
to produse bi-specific antibodies (see, e.g., Kostelny er gl 2 Bamunol., 148(58):1547-1553 (1892));
using "disbody” technology for making hispecific antibody fragments {see, e.g., Hollinger ef al, Proc.
Nasl., dcad. Sci. L84, 90:6444-6448 (199%)); and using single-chain Fv {sFv) dimers {see, e.g. Gruber ef
al., J fmsnunof., 1525368 (1994)); and preparing trispecific antibodies as described, e.g., in Tutt 2¢ af,
A Tmnunol 147: 60 (19913

Engineered antibodies with three or more functional antigen binding sites, including “Ostopus
antibodies,” are also incloded heréin {see, e.g. US 2008/0025576A1 ).

The antibody or fragment herein also inclides a “Dual Acting FAB” or “DAF” comprising an
antigen binding site that binds to FeRHS a5 well as ancther, different antigen {see, 1S 20080069830,
for example).

According to a different approach, antibody variable domuains with the desired binding
specificities {antibody-antigen combining sites) are fused to imwnunogiobulin constant domain
seguences. Preferably, the fusion is with an {g heavy chain constant domain, comprising at least pant of
the hinge, Cu, and gy regions, Itis preferred to have the first heavy-chain constant region {Cy 3
containing the site nesessary for light chain bonding, present in al least one of the fusions. DNAs

ensoding the immunoglobulin heavy chain fusions and, if desired, the immunoglobulin light chain, are
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inseried inio separate expression vectors, and are co-transfected into 2 suitable host cell. This provides
for grester flenibility in adjusting the mutual proportions of the three polypeptide fragments in
ernbodiments when unequal ratios of the three polypeptide chains used in the construction provide the
optimum yield of the desired bispecific antibody. It is, however, possible to insert the coding sequences
for two or sll theee polypeptide chains inio a single expression vector when the expression of at least
rwo polypeptide chains in equal ratics results in high vields or when the ratios have no significant affect
on the vield of the desired chain combination.

In sorne embodiments, the bispecific antibodies are composed of a hybrid immunoglobulin
heavy chain with a first binding specificity in ong arm, and a hybrid inumunoglobulin heavy chain-light
chain patr {providing & second binding specificity} in the other arm. It was found that this asymmetric
structure facilitates the separation of the desired bispecific compound from wnwanted immunoglobulin
chain combinations, as the presence of an immunoglobulin light chaln in only ong half of the Mspecific
molecile provides for a facile way of ssparation. This approach is disclosed in WO 94/04680. For
further details of generating bispecific antibodies see, for exarople, Suresh 22 ¢/, Methods
Enzymodogy 121210 {1886).

Acecording 1o another approach deseribed in ULS. Pat. No, 5,731,144, the interface betwesan a
pair of antibody molecules can be engineered 0 maximize the percentage of haterodimers which are
recovered from recombinant cell coulture. The preferred interface comprises at least a part of the Cip
domain, In this method, one or more small amine acid side chaing from the interface of the first
antibody moelecule are replaced with larger side chains {e.g., tyrosine or tryptophant. Compensatory
"cavities” of identical or sirnilar size to the large side chaiids) are croated on the interface of the second
anttbody molecule by replacing large amuno acid side chaing with smaller ones {e.g., alanine or
threoning). This provides a mechanism for increasing the vield of the heterodimer over other unwanied
end-products such as homodimers, Bispecific antibodies produced in accordance with this approach are
referred 1o herein as "proteberance-into-cavity” antibodies,

Bispecific antibodies include cross-linked or “beteroconjugale” antibodies. For example, one of
the antibodies in the heteroconjugate can be coupled 1o avidin, the other to biotin. Such antibodies have,
for example, been proposed to target iovnune system cells o unwanted cells (UL8, Pat. No. 4,876,880},
and for freatment of HIY infection (WO 21/00360, WO 92200373, and EP 03089}, Heteroconjugate
antibodies may be made using any convenient cross-linking methods. Sultable cross-Hnking agenis are
well known in the art, and are disclosed in U.8. Pat. No. 4,676,980, along with a number of cross-
Hnking technicues.

Teochniques for generating bispecific antibodies from antibody fFragments have also been
deseribed in the Herature, For example, bispecific antibodies can be prepared using chenuical linkage,
Brennan e af, Science 229:81 {1985) deseribe 2 procedure wherein intact antibodies are proteclytically
cleaved to gensrate Flab'), fragments. These fragments are reduced in the prasence of the dithiol

complexing agent, sodivm arsenite, to stabilize vicinal dithiols and prevent intermoleenlar disulfide
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formation. The Fab' fragments generated are then converted to thioniirobenzoate {TNE) derivatives.
One of the Fab"TNB derivatives is then reconverted to the Fab'-thiol by reduction with
marcaptocthylamine and s mined with an equimolar amount of the other Fab TNE derivative to form
the bigpecific antibody. The bispecific antibodies produced can be used as agenis for the selective
immobilization of enzvmes.

Fab'-SH fragiments from £. coli can be directly recovered and chemically coupled to form
bispecific antibodics. Bhalaby ef al | J. Exp. Med. 175: 217-225 {1992} describe the production of a
fully humanized bispecific antibody F(ab™, molecule, Bach Fab' fragment was separately secreted from
E. cofi and subjected o directed chemical coupling in vitro {0 form the bispecific antibody. The
bispecific antibody thus formed was able 1o bind to cells overexpressing the ErbB2 receplor and normal
homan T cells, as well as trigger the Ivtic activity of buman cyiotoxic hvmphocoytes against human
breast mor targets.

Vartrus technigues for making and isolating bispecific antthody fragments directly from
recomibinant cell culture have also been described. For example, bispecific antibodies have been
produced using leucine zippers. Kostelny ef ol 2 fomunod, 148(5):1547-1553 {1992). The leucine
zipper peptides from the Fos gnd Jun profeins were linked to the Fab' portions of two different
antibodies by gens fusion. The antibody homodimers were reduced at the hinge region o form
moenomers and then re-oxidized to form the antibody helerodimers, This method can also be utilized for
the production of sntibody bomodimers. The "disbody” technology described by Hollinger ef 2., Proc.
Natl Acad. Sci USA 9:6444-6448 (1993) has provided an alternative mechanism for making
hispecific antibody fragments. The fragments compriss 3 VH connected to a VL by a Haker which is
too short to allow pairing between the two domains on the same chain, Accordingly, the VH and V1L
domaing of one fragment are forced 1o pair with the complementary VL and V domains of ancther
fragment, therehy forming two antigen-binding sites. Another strategy for making bispecific antibody
fragmenis by the use of single-chain Fv (sFv) dimers has also been reported. See Gruber efal, J
fmmiened., 152:5368 (19543,

Antibodiss with rmore than two valencies are contemplated. For example, trispecific antibodies
can be prepared. Tolt et ol S fmmnel, 14760 (1891,

8. Angibody Varinnts

In certain embodiments, aming acid sequence varianis of the antibodies provided hersin are
contemplated. For example, it may be desirable to improve the binding affinity and/or other biclogical
properties of the antibody. Amino acid sequence varianis of an antibody may be prepared by
introducing approprizte modifications o the nucieotide sequence encoding the anttbody, or by peptide
synthesis, Such medifications include, for example, deletions from, andfor insertions into and/or
substitutions of residues within the amine acid sequences of the antibody. Any combination of deletion,
inaertion, and substitution can be made to arrive at the final consiruct, provided that the fingl construct

possesses the desired charactaristics, e.g., antigen-binding.
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2} Substiiution Insertion, and Deletion YVariants

In oertain embodiments, sntibody variants having one or more amine achkd substiations are
provided. Sites of interest for substitutional ountagenesis inchlude the HVEs and FRs. Conservative
substitutions are shown in Table | under the heading of "preferred substinttions.” More substantial
changes are provided in Table | ander the heading of "exemplary substitutions,” and as further
described below in reference to amino acid side chain classes. Amine acid substitutions may be
introduced o an atibody of inferest and the products sereened for a desired activity, e.g.,

retained/improved anligen binding, decreased immunogenicity, or improved ADCC or CDC,

TABLES
Criginal Exemplary Preferred
Becidue Substitutions Substitutions
Ala (A} Val; Leu; e Yal
Arg {1} Lys; Gl Asn Lys
Asn (N} Cing His; Asp, Lys; Arg 3in
Asp 19 3lu; Asp Glu
Cys ) Ser; Ala Ser
Gin () Asn; Tla Asn
Gl {E) Axp; Gln Asp
Giy {G) Ala Ala
[SEERESY Asng Glog Lys; Arg Arg
He (D Leu; Val; Met; Ala; Phe; Norleucine Leu
Leu (i) MNorleucine; Ie; ¥Val: Met; Ala; Fhe He
Lys {K} Arg: Gln; Asn Arg
Bt (M3 Leu; Phe; {le Ieu
Phe {F} Trp; Lew; Val; He; Ala; Tyr Tyr
Pro (P} Ala Ala
Ser (8} Thr Thy
Thr {(T) Yal; Ser Ser
Trp (W} Tyr; Phe Tvr
Tyr {Y} Trp; Phe; Thry Ser Phe
YVal (V) ie; Leu; Met: Phe; Ala; Norleucine Teu

Amino acids may be grouped according to common side-chain properties:
{11 hvdrophebic: Norleucine, Met, Ala, Val, Leu, fe;
{23 neutral hydrophiiie: Cys, Ser, Thr, Asn, Ghy
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3} acidie: Asp, Gha

{4} basic: His, Lys, Arg

{5} residues that mfluence chain orientation: Gly, Pro;

{6} aromatic: Trp, Tyr, Phe

Non-conservative substitutions will entail exchanging 2 member of one of these classes for
another class.

One tvpe of substitutional variant invelves substituting one or more hypervariable region
residues of a parent antibody {e.g. a humanized or human antibody). Generally, the resulting varizn(s)
selectad for further study will have modifications {e.g, Improvements) in certain biclogicsl properties
{e.g., increased affinity, reduced immunogenicity) relative 1o the parent antibody snd/or will have
substantially retained certain bislogical properties of the parent anttbody. An exemplary substitutional
variant is an affinity matured antibody, which may be conveniently generated, e.g., using phage
display-based affinity maturation technigues such as those described herein, Briefly, one or mors HVR
residues are muiated and the variaot andihodiss digplaved on phage and scresned for a particular
biological activity {e. g binding affindiy).

Alterations {e.g., subatititions) may be made in HVRs, e.g., 1o improve antibody affinity. Such
alterations reay be made in HVR “hotspots,” f.e., residues encoded by codons that undergo muiation at
high frequency during the somatic maturation process {see, e.g., Chowdhury, Methods Mol Binl
207179196 (2008)}, and/or SDRs (a-CDRa}, with the resaliting variant VH or VL being tested for
binding affinity. Affinity maturation by constructing and reselecting from secondary libraries has been
described, eg., in Hoogenboom ef ol in Merhods in Moleoutar Biofogy 178:1.37 (O'Brien er af, ed.,
Humas Press, Totowa, NI, (2001).) In some embodiments of affinity maturation, diversity i3 introduced
inte the variable genes chosen for maturation by any of a variety of methods (e.z., error-prone PCR,
chain shuffling, or oligonuclestide-directed mutagenesis). A secondary Hbrary s then created. The
library is then screened o identify any antibody variants with the desived affinity. Another method to
introduce diversity involves HYR-directed approaches, in which several HVR residues {e.g., 4-6
residues at a time) are randomized. HVR residues invelved in antigen binding may be apecifically
identified, e.g., using alanine scanning mudagenesis or modeling, CDR-HY and COR-L3 in particular
are often targeted,

In certain embodiments, substitutions, insertions, or deletions may cocur within one or more
HYVKs so long as such slterations do not substantially reduce the sbillty of the antibody 1o bind antigen.
For example, conservative alierations (e.g., conservative substitutions as provided herein) that do not
substantially reduce binding affinity may be made in HVRa. Such alierations may be outside of HVR
“hotspota” or SDRs. In certzin ernbodiments of the variant VI and VL sequences provided above, sach
HVR cither s unaliersd, or contains no more than one, two or three amine acid substitutions,

Acuseful method for identification of residues or regions of an antibody thet may be targeted for

mutagenesis is called "slanine scanning nwtagenesis® as deseribad by Conningham and Wells (1989)

4
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Science, 144:1081-1085. In this method, a residue or group of target residues {e.g., charged residues
such a8 arg, asp, his, lys, and glu} are identifiad and replaced by 2 neutval or negatively charged amine
aeid (e.g., alanine or polyvalanine) o determine whether the interaction of the antibody with antigen is
affected. Further substitutions may be introduced at the amine acid locations demonstrating functional
sensitivity 1o the initial substinuiions. Alterpatively, or additionally, a crystal structure of an antigen-
antibody complex is used to identify contact points between the sntibody and antigen. Such contact
residues and neighboring residues may be targeied or eliminated as candidates for substitulion, Variants
may be sereened o determine whether they contain the desired properties.

Amine acid sequence insertions inchude amino- and/or carboxyl-terminal fusions ranging in
tength from one residue to polypeptides containing & hundred or mors residues, as well as intrasequence
imsertions of single or nutltiple apdng actd residues. Bxamples of termina!l insertions include an
antibedy with an MN-terminal methionyl residue, Other insertionsl vardants of the antibody molecule
include the fusion o the N- or C-termiis of the antbody 1o an enzyme (e.g. for ADEPT ora
polvpeptide which increases the serum half-life of the antibody.

by Glycesviation variants

n certaln smbodiments, an andibody provided herein is altered to increasse or decrease the
extenit to which the antibody iz glycosylated. Additon or deletion of glyeosylation sites to an antibody
may be conventently accomplished by altering the amino acid sequence such that one or mors
ghycosylation sites is created or removed,

Where the antibady comprises an Fo region, the carbohydrate atiached thereto may be aliered.
MNative antibodies produced by mammalian cells typically comprise 3 branched, Hantennary
oligosaccharide that is generally attached by an N-linkage 1o As0297 of the CH2 domain of the Fe
region, See, 2.2, Wright et ol TIBTECH 15:26-32 (1997). The oligosaccharids may include various
catbohydrates, e.g., mammose, N-acetyl ghicosarnine (GloNAc), galacioss, and sialic acid, as well as a
fucose attached o a GleNAL in the “stemn” of the blantenmary oligosaccharide structure. In some
embaodiments, modifications of the oligosaccharide in an sntibody provided herein may be made in
order o create antthody variants with certain improved properties.

In one embodiment, antibody varianis sre provided having » carbohydrate structure that lacks
fucose attached {divecily or indivectly) to an Fo region. For example, the smount of fucose in such
antibody may be from 1% to 80%, Tom 19 to 85%, from 3% 0 65% or from 2096 to 40%, The amount
of fucose is determined by caloulating the average amount of fucose within the sugar chain at Asn297,
relative 1o the sum of all glysostructures aitached 0 Asn 297 {2, g complex, hybrid and high mannese
strisctures} as measored by MALDLTOF mass apectrometry, a3 described in WO 2008077544, for
example. Aan297 relers to the asparagine residue located gt about position 287 in the Fe reglon (Bu
sumbering of Fo region residues); however, Asn297 may also be kcated about & 3 amine acids
upstream or downsiream of position 297, fe., between positions 294 and 300, due 1o minor sequence

vanations in antibodies. Such fucosylation vartants may have improved ADCC function. See, e.g., US
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Patent Publication Nos. US 2003/0157108 (Presta, L.); LIS 2004/00%93621 (Kyows Hakko Kogyo Co.,
Ltd) Examples of publications related to “defucosylated” or “fucose-deficient” antibody variants
nchide: US Z003/0157108; WO 2000/61739; WO 2001/28246; US 20030115614, 1S 2002/0154328;
US 2004/0093621; US 2004/0132140; US 2004/0110704; U8 200401 10282; UIS 2004/0109865; WO
2003/085118; WO 2003/084570; WO 2008/035586; WO 2005/4135778, WO2005/053742,
WORO02/031140; Okazaki ef of J. Mol Biod 336:1239.124% (2004); Vamane-Ohnuki ef al. Siotech.

()]

Biceng. 87 614 {2004). Examples of cell lines capsble of producing defucosvlated antibodies include
Lecl3 CHE cells deficient in protein fucosyiation {(Ripka er al. Arch. Biochem. Biophvs. 249:533-3458
{1986 LS Pat Appl No US 2003/4157108 AL Presta, L; and WO 2004036312 Al, Adams ef al,

10 especially at Example 11), and kaockout cell lines, such ag alpha-1,8-fucoeyliransferase gene, FUTS,
knockout CHO cells {se¢, .2, Yamane-Ohnuki ef al, Biotech. Riveng. §7: 614 (2004); Kanda, Y. ef af,
Bivtechnol Biveng., 94{41680-658 {(2006),; and WO2003/085107),

Antibodies variants arg further provided with bisected oligossocharides, e.g., in which a
btamennary cligesaccharide attached t the Fo reglon of the antibody is bisested by GicNaAc. Such

15 antibody variants may have reduced fucosylation snd/or improved ADCC function, Examples of such
antibody variants are described, e.g., in WO 2003/011878 (Jean-Mairel ef aly; US Patent No. 6,602,654
{Umana ef al }; and US 2005/0123546 (Umana ef 2l). Antibody variants with at least one galaciose
residue in the aligossccharide attached io the Fo region are also provided. Such antibady variants may
have improved CDC function. Such antibody variants are deseribed, e.g., in W 1997/30087 (Patel o1

20 al) WO I998/58964 (Raju, 8. and WO 1999722764 (Raju, 8.}

£} Foregion varianis

In certain embodiments, one or mors aming scid modifications may be introduced nto the Fo
region of an antibody provided hereln, thereby penerating an Fo region variant. The Fo region variant
may comprise & human Fo region sequence (2.8, 2 human [5G, 1gG2, 18363 or [zG4 Fo region}

25 comprising an aming scid modification {e.g. 2 substitution) al one or more aming acid positions.

In certain embodiments, the invention contemplates an antibody variant that possesses some but
not ali effector functions, which make it 2 desirable candidate for applications in which the half-life of
the antibody i vive s important yet certain effector functions (such as complement and ADCC) are
unnecessary or deleterious. fn vigre andfor i vive cyviotoxicity assavs can be conducted to confirm the

30 reduction/depletion of CINC and/or ADCC setivities. For example, Fo receptor {(FeR) binding assays
can be conducted to ansure thal the antibody lacks FoyR binding (hence Bkely lacking ADCC activity),
but retains FoRn binding ebility. The primary cells for mediating ADICC, NK cells, express Fo{RII
only, whereas monocytes express Fo{RE, Fo(RII and Fe(RIIL FoR expression on hematopoistic cells is

surmmarized in Table 3 on page 464 of Ravetch and Kinet, A, Rev. Jmmuncl 6457492 (19913,

[
iwn

Mon-limiting exarnples of in vitre assays to assess ADCC activity of 8 molecule of interest is desoribed
in 1.8, Patent No. 5,500,362 {s2¢, 2.g. Hellotrom, | 2¢ af. Froc. Nat'? Acad. 5ci, U754 83 7059-7063
{1988)) and Hellsrom, Ler al, Proc. Nar'l dcad. Sci. USA 82:1499-1502 {1935); 3,821,337 (see
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Bruggemann, M. e al, J Exp Med, 166:1351-1361 {1987}, Alternatively, non-radioactive assays
methods may be employed {see, for example, ACTI™ non-radicactive cytotoxicity assay for flow
cyiometry (CeliTechnology, Inc. Mountain View, CA; sod CytoTox 26" non-radicastive oviotosicity
assay {Promega, Madison, W1 Usehul effector cells for such assays include peripheral blood
mononuclear cells (PBMC) and Natural Killer (4K cells. Aliernatively, or additionally, ADCC activity
of the molecule of interest may be assessed in vive, e.g., In an animal model such as that disclosed in
Clynes et al. Proc. Nat'l dcad, Sci. US4 85:652-656 (1998}, Clg binding assays may also be carried
out 10 confirn that the antibady is unable 1o bind Cly and hence lacks CDC activity. Ses, e.gr, Tlg and
Clo binding ELISA in WO 2006/029879 and WO 2005/100402. To sssess complement activetion, a
CIDC assay may be performed (see, for example, Gazzavo-Santoro ef @l , /A fmmunol Methods 202163
{1996Y; Cragg, M.5. et al, Blood 101:1045-1052 (2003); and Cragg, M.S. and M1 Glermie, 8lood
FOMETIR-2743 (20043, FoRo binding and f vive clearance/half-1life determinations can also be
performed using methods known in the art {sez, e.g., Petkova, 3.8, et ol ine’f Immunol 15{12%175%-
1789 (2006}

Antibodies with reduced effector function include those with substitution of one or more of Fo
region residues 238, 268, 264, 270, 297, 327 and 329 (ULS. Patent No. 6,737,056}, Such Fe mutants
inchude Fo motants with substitutions at two or more of sming acid positions 263, 268, 270, 297 and
327, meiuding the so-called “DANAY Fo mutant with substitution of residues 265 and 297 to alanine
{1J8 Patent No. 7,332,581},

{Certain anti b@dy variants with improved or diminished binding to FeRe are described. {See,
e.g., U.5. Paterd No. §,737,0368; WO 2004/0586312, and Shields er ol J Biol Chem, %2} 6591-6604
{2001

In certain embodiments, an antibody variant comprises an Fo region with sne or more amino
acid substitutions which improve ADCC, ez, sobstitutions at positions 298, 333, and/or 334 of the Fo
region (B numbering of residues).

In some embodiments, alterations are made in the Fo region that result in altered (L e., cither
tmproved or diminished) Cly binding andfor Complement Dependent Cyioloxicity (CDC), 2.z, as
described in IS Patent No. 6,194,531, WO 0%/31642, and Idusogie ef ¢l J Immunol 164 4178-4184
{2000},

Antibodies with increased halflives and Improved binding to the neonatal Fe recepior (FoRnj,
which is responsible for the transfer of maternal 1gGs w the fotus (Guyer eral, J Bupnenol, 117587
{1976% and Kim er al, 7 fmmmod 24:249 {1994}, are described in US2005/0014934A1 (linton a2
@i . Those antibodiss comprise an Fo region with one or more substitutions therein which improve
binding of the Fe region to FeRa. Such Fo variants inchude those with substitutions at one or more of Fo
region residues: 238, 256, 265, 372, 285, 303, 305, 307, 311, 312, 317, 346, 356, 380, 362, 378, 37
380, 382,413, 424 or 434, e.g., substitution of Fe region residue 434 {US Palent No. 7,371,8286).
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See also Duncan & Winter, Namere 322.738-40 (1988Y; U.S. Patent Mo, §,648,260; U.S. Patent
Neo 5,524,821 and WO 94/29351 concerning other sxamples of Fo region variants,

d} Cysteine enginsered antibody variants

In certain embodiments, it may be desirabile to create cysieine engineersd antibodies, e.g.,
“thiokiAbs,"” in which one or more residuss of an antibody are substituied with cysteine residues, In
particular embodiments, the substituted residues occur at accessible sites of the antibody. By
substituting those residues with cysising, reactive thiol groups are thereby positioned at accessible sites
of the antibody and may be used 0 conjugate the antibody to cther motetiss, such g8 drug moletiss or
linker-drug moleties, 1o creale an immunoconjugate, as described further hersin. In certain
ernbodiments, any one or move of the following residues may be substituted with cysteine: V205 {Kaba
numbering) of the light chaing A1L8 (BY numbering) of the heavy chain; and 5400 {(EU numbering) of
the hesvy chain Fo region, Cysteine engineered antibodies may be generated as described, 2.z, in U8,
Patont No. 7,521,541,

g} Antibody Berivatives

In centain embodiments, an antibody provided hereln may be further modified o contain
additional nonproteinaceous moieties that are known i the art and readily available. The moisties
suitable for dervatization of the antiboedy inchede but sre not lmited to water soluble polymers, Non-
limiting examples of water soluble polymers include, but are not limited o, polvethylens glycol (PEG),
copolymers of ethylene glveolpropylene glveel, carhboxymethvicetivlose, dextran, polyvinyl aleohol,
polyvinyl pymrolidons, poly-1, 3-dioxolane, poly-1,3 6-trioxane, sthylene/maleic anhydride copolymer,
pelyaminoacids {either homopolymers or ranwlom copolymers), and dextran or polin-viny]
pyrrolidoneipolyathiviens glyeol, propropylene glyeol homoepolyvmers, prolypropylene oxide/ethylene
oxids co-polymers, polvoxyethylated polvols {e.g., glycerol}, polyvinyl slcohol, and sixiures thereof.
Polyethyiene glycn propionaldehyde roay have advandages in manufacturing dus to its stability in
water. The polymer may be of any molecular weight, and may be branched or unbranched. The number
of polymers atiached to the antibody may vary, and if more than one polymer are attached, they can be
the same or different molecules. In general, the number snd/or type of polymers used for derivatization
can be determined based on considerations including, but not lmited o, the particular properties or

upetions of the antibody 0 be oproved, whetber the antibody derivative will be used in 2 therapy
under defined conditions, etc.

In another embodiment, conjugates of an antibody and nonproteinaceous motety that may be
selectively heated by exposure to radiation are provided. In one embodiment, the nonproteinaceous
medely Is a carbon nanotube (Kam ef af, Proc. Nearl dead Sci US4 102: 11800-11805 {2005)). The
radiation may be of any wavelength, and nchudes, but is not limited to, wavelengths thst do not harm
ordinary cells, but which heat the nonproteinaceous molely (o a temperature at which cells proximal to

the antibody-nonproteinacecus motety are killed,
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B. Recombinant Methods and Compesitions
Antibodies may be prodused using recombinant methods and compositions, 2.2, as deseribed
in 118, Patent No. 4,816,567, In one embodiment, isolated nucleic acid encoding an anti-FoRHS
antibody described hersin is provided. Such nucleic acid may encode an amine acid sequence
5 comprising the VL and/or an amine acid sequence comprising the VH of the sntibody {e.g., the light
and/or heavy chains of the antibody}. I a further embodiment, one or more vectors {e.g., expression
veetors) comprising such nucleic acid are provided. In a further embodiment, g host cell comprising
such nucleic acid is provided. In one such embodiment, a host cell comprises {2.g., has been
ransformed with): (1} a vector comprising & nucleic acid that encodes an smine acid sequence
1% comprising the VL. of the sutibody and an amino acid sequence comprising the VH of the sntibody, or
{2} a first vector conprising a nucleic acid that encodes an aming acid sequence comprising the VL of
the antibody and & second vecior comprising s nucleic scid that encodes an amaino acid sequence
comprising the VI of the antibody. In one embodiment, the host cell is eukaryotic, e.g. a Chinese

Hamster Ovary (CHOY cell ar lymphoid cell {e.g., Y0, NEG, 8p20 celly, In one ambodiment, a method

-
W

of makiog an anti-FcRHS antibody is provided, whersin the method comprises culturing a host cell
comnprising & nucleic acid encoding the antibody, as provided above, under conditions suitable for
sxpression of the antibody, and optionally recovering the anitbody from the host cell {or host cell
cutture medium).
For recombinant production of an anti-FeRHS antibody, muelede acid encoding an antibody,
25 ep., ss described above, is isolated and inserted into one or more vectors for further cloning andfor
expression in 2 host cell. Sach nucleic acid may be readily isolated and sequenced using conventional
procedures {e.g., by using oligomicleotide probes that are capable of binding specifically (o genes
encoding the heavy and light chains of the antibody).
Suitable host cells for cloning or expression of antibody-encoding vectors include prokaryatic
25 or eukaryotic cells described herein. For example, antibodies may be produced in bacteria, in particulay
when glyeosyiation and Fo effector function are not needed. For expression of antibody fragments and
polypeptides in bacteria, see, eg, V.S, Patent Nos, 5,648,237, 5,749,199, and 5,840,523, {See also
Charlton, Methods in Molecular Biology, Vol 248 (BE.C. Lo, ed., Fiomana Press, Totows, NI, 2003},
pp. 243234, describing expression of antibody fragments In £ cofi Afler expression, the andibody
3 may be dsolated fom the bacterial cell paste in a seluble fraction snd can be further purified.
In addition to prokaryotes, cukarystic microbes such as filamenious fungi or veast are suitable cloning
ot gxpression hosts for antibody-encoding veetors, including fungd and veast strains whose
glvoosylation pathways have been “humanized,” resulting in the production of an antibody with a
partiaily or fully homan glycosviation pattern. See Gerngross, Nar Biorech. 22:1409-1414 {2004}, and
35 Lietal, Nat, Biotech. 24210-215 (2006},
Suitable host cells for the expression of giyeosylated antthody ave alss derived from

mniticelhular organisms {invertebrates and vertebrates). Fxamples of inveriehrate cells include plant and
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msect ceils. MNurnerous baculoviral strains have been identified which may be used In conjunction with
insect cells, particularly for transfection of Spodoprera frugiperda cells,

Plant cell cultures can also be utilized a5 hosts. See, e.g, US Patent Nos, 5,959,177, 6,040,498,
6,420,545, 7,125 978, and 6,417,429 (describing FLANTIBODIES™ techuology for producing
antibodies tn transgenic planis).

Vertehrate cells may also be used as hosts. For example, mammalian cell Hines that are adapted
t0 grow in suspension may be useful, Other examples of useful mammalisn host ceoll lines are monkey
kidney CVY1 hine transformed by SV40 (COB.TY; human embryonic kidoey line {293 0r 293 cells as
described, ez, in Graham ey al, J. Gen Vivsl 36:59 (1977}); baby hamster kidney cells (BHK); mouse
sertoli cells {T™4 cells g5 deseribed, eg., in Mather, Hiol Reprod, 23:243-2531 {1980}); monkey kidney
cells {OV 1) African green monkey kidney cells (VERC-76); hurnan cervical carcinoma cells (HELAY;
canine kidney cells (MDCE; buffalo rat Hver cells {BRL 3A); human Lung cells (W138); human liver
cells (Hep G2 mouse mammary tumor (MMT G60567); TRE cells, as described, e 2., in Mather f af
Annals NV, 4cad. Sci. 3834468 (1982); MRBC 5 cells; and FS84 cells, Gther useful mamenalian host
cell lines include Chiness hamster ovary (CHD) cells, inchiding DHFR CHO cells {Utlaub er al, Proc,
Natl dead. Soi, UB4 774216 (18807 and myeloma cell lnes such as Y0, NSG and Sp2/0. For a review
of certaln mamimabian host cell lines suitable for antibody production, see, e.g., Yazaki and W,
Methods in Molecular Biology, Vol 348 (BK.C. Lo, ed., Himana Press, Totowa, NI), pp. 255-268
{20033,

C. Asgsavs

Anti-FeRHS anubodies provided herein may be identified, screened for, or characterized for
their physical/chemical properties and/or biological activities by various assays known in the art.

in one aspect, an antibody provided herein may be tested for its antigen binding activity, e.g.,
by known methods such as ELISA, BIACore™, FACS, or Western blot.

In another aspect, competition assays may be used 1o ideniify an antibody that competes with
any of the antibodies described herein for binding to FoRHS. In certain embodiments, such a competing
antibody binds to the samie epitope (e.g., a linear or a conformational epitope) that is hound by an
antibody described herein, Detatled exemplary methods for mapping an epitope 1o which an antibody
binds are provided in Morris {1996) “Epitope Mapping Protocols,” in Methods in Moleculor Bislogy
vol, 66 (Homana Press, Totowa, ML

in an exemplary competition assay, mmohilized FeRHS is incubated in 2 sohstion comprising
{irst labeled antibody that binds o FcRHS {e.g., any of the antibodies described herein) and a second
wrdabeled antibody that is being tested for its sbility 1o compets with the first antibody for binding to
FeRHS. The second antibody may be present in a hybridoma supernatant. As a conirol, imsnobilized
FcRHS is incubated in a solution comprising the first labeled antibody bul not the second unlahelsd
aniibody, After incobation under conditions permissive for binding of the first antibody to FoRHS,

excess unbound antibody is removed, and the amount of label sssocisted with immebilized FoRHS is
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measured. I the amount of label associated with tnmobilized FeRHS ts substantially reduced in the test
sarple relative o the control sample, then that indicates that the second antibody is competing with the
first antibody for binding to FeRHS. See Harlow and Lane {1988} dntibodies: A Laboratory Mamal
ch.l4 {Cold Spring Harbor Laboratory, Cold Spring Harbor, NY). In some embodiments, the FoRHS is
FoRH3c. In some embodiments, the anti-FoeRHS anubody binds an isoform c-specific region of the
extracethular domain of FeRHSc. In some embodiments, the anti-FoRHS antibodies binds Ig-like
domain ¥ of FeRHSc.

0. Immunoconjugates

Also provided herein are ioypunoconjugates comprising an antl-FoRIS antibody hersin
conjugated to one or mors cytoxic agents, such as chemotherapeutic agents or drugs, growth
inhibitory agents, toxins {e.g., protein twxms, enzymatically active toxings of bacterial, fungal, plant, or
antmal origin, or fragments thereof), or radicactive isctopes (4.2, 8 radioconjugate). In some
embodirpents, the anti-FeRHS antibody binds an isoform c-specific region of the extracelhilar domain
of FcRHS5¢. In some embodiments, the anti-FeRHS antibodiss binds Ig-like domain 9 of FeRH3e.

Trununoconjugates allow for the targeted delivery of 8 diug molety 1o 2 tuntor, and, in some
gmbodiments intraceliular scoumulation therein, where systemic admdinistration of unconjugated drugs
may result i unacceptable levels of toxicily to normal cells (Polakis P. (2003} Cuevens Gpinion in
Pharmacology 5:382-387%.

Antibody-drug conjugates (ADC) are targeted chemotherapeutic molecules which combine
properties of both antibodies and cytotoxic drugs by targsting potent oyiotoxic drugs to antigen-
expressing tumor cells (Teicher, B.A, (2009 Current Cancer Drug Torgets 9:982-1004), thereby
enbancing the therapeutic index by maximizing efficacy and mindmizing oif-terget toxichry {Carter, P.J.
and Senter P03 (2008) The Cancer Jour, 14{3):154-168; Chari, R.V. (2008} doc. Them. Res. $1:98-

1
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The ADC compounds provided herein include those with anticancer activity. In some
embodirpents, the ADC cowpounds include an antibody conjugaled, { e novalently attached, to the drug
motety. In some embodiments, the antibody is covalently atiached to the drug modety through 2 lnker.
The antibody-diug conjugates {ADC) provided herein selectively deliver an effective dose of & drug to
tumor tissue whersby greater selectivity, f.e. a lower efficacious dose, may be achieved while
increasing the therapeutic index therapeutic window™).

‘The drug moiety (2} of the antibody-drug conjugates (ADC) may include any compound,
moiety or group that has g cytotoxic or cytosiatic effect. Drug moietics may impart their cylotoxic and
cytostatic effects by mechanisms including but not limited to tubulin binding, DNA binding or
imiercalation, and inhibition of RNA polymerase, protein synthesis, and/or topoisomerase. Exemplary
drug moieties include, but are not Hmited {0, 2 mayiansingid, dolastatin, auristatin, calichearmicin,
myniolobenzodiazepine (PBD), nemoribicin and its derivatives, PNU-159882, anthracveline,

duocarmysin, vinca alkaloid, taxane, irichothecens, CC106S, camptotherin, elinafide, and
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stergoisomers, isosterss, analogs, and derivatives thersof that have eytotoxic activity, Nonlimiting
examples of such immunoconjugates are discussed in farther detail below,
i Exemplary Antibodv-drug Confupates

An sxemplary embodiment of an antibody-drug conjugate (ADC) compound comprisss an
aribody (A} which targets a tumor cell, a drug molety (I3}, and a linker molsty (1) that attaches Ab to
D In some embaodiments, the antibody is attached to the Hnker moisty {L) through one or more aming
acid resishugs, such as lysine and/or cysteine,

An exemplary ADC has Formuda [

Ab—{1-13}, i

where pris | o about 20, In some embodiments, the number of drug moleties that can be conjugated to
an antibody is Bmited by the number of free cysieine residues. In some embodiments, fres cysteine
residues are introduced into the antibody amine acid sequence by the raethods described herein.
Exemplary ATC of Formula 1 inchade, bt are not Himited to, antibodisg thathave 1, 2, 3, or 4
enginegred cysteine aming acids (Lyon, R ot al (3012 Methods in Enzym, 502:123-138). In some
embodiments, one or more free cysteine residues are already present in an antibody, without the use of
enginesring, in which case the existing free cysteine residues may be used to conjugate the anitbady 1o
z drug. [n some embodiments, an antibody is exposed o reducing conditions prior to conjugation of the
antibedy in order to generate one or more free cvsteine residues. In some emnbodiments, the angi-FeRHS
antibody binds an isoform c-apecific region of the extracellular domain of FeRHS%¢. In some
embodiments, the anti-FeRHS antthodies binds Yg-like domain & of FeRHSe,

2} Exemplary Linkers

A “Linker” (L} is 2 bifunctional or multifunctonal moiety that can be used to link one or mors
drug moteties {3} to an antibody (Ab) to form sn antthody-drug conjugate (ADRC of Formula L In
some embodiments, antibody-drug conjugates {ADC) can be prepared using a Linker having reactive
functionalities for covalently attaching to the drug and to the antibody. For example, in some
envbedimentis, a cysteine thicl of an antibody (AR} can form 2 bond with & resctive functional group of g
linker or a drug-hoker intermediate to make an ADC.

In one aspect, 8 linker has a Bnctionality that is capable of reacting with a free cysieing present
ot an antibody 1o form a covalent bond. Nonlimiting exemplary such reactive functionalities include
maleimide, haloacetamides, u-haloacetyl, activated esiers such as sucoinimide ssters, 4-mitropheny!
ssters, pentafluorophenyl esters, retratiuoropheny! esters, anhydrides, scid chiorides, sulfonyl chlorides,
isouyanates, and sathiocyanates, See, e.g., the conjugation methed at page 766 of Klussman, ot al
(2004}, Bicconfugate Chemistry 13(41765-773, and the Examples herein.

In some embodiments, a linker has a fimcnonality that is capable of reacting with an
electrophilic group present on an antibody. Exemplary such electrophilic groups include, but are not
limited to, aldebyde and ketone carbonyl groups. In some embodiments, & heteroatom of the reactive

fupctionality of the linker can reast with an electrophilic group on an antibody and form a covalent
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bond to an antibody unit. Nonlimiting exemplary such reactive functionalities include, but arg not
lirnited to, hydrazide, oxime, amino, hydrazine, thiosemicarbazone, hydrazine carboxylate, and
arylhydrazide,

A linker may cornprise one or more linker components. Exemplary linker components include
S-maleimidocaproyt (“MC™), malewnidopropanoyl (“"MP”), valine-citrulling ("val-cit”™ or “v¢™), alanine-
phenylalanine “ala-phe™), p-aminobenzyloxycarbonyl {8 “PAR™}, N-Succinimidyl 4-Z-pyridylthio}
pentanoate (8PP, and 4-(N-maleimidomethyl) cyciohexane-1 carboxylate ("MUC”). Various linker
components are known it the art, some of which are described below.

A linker may be a “cleavable linker,” facilitating release of a drug. Nonlimiting exenvplary
cleavabie linkers include acid-labite linkers {e.2., comprising hydrazone}, protease-sensitive {e.g.,
peptidase-sensitive) linkers, photolabile linkers, or disulfide-containing linkers (Chart ¢f 2l , Cancer
Research 52:127-131 (1992); US 208020},

In certain ernbodiments, a linker has the ollowing Formula 16

AW, Yy 0
whereinr A is @ “stretcher unit”, and a is an integer from G to 1; W is an “amine acid undt”, and w is an
integer from §to 12; ¥ is a “spacer unit”, and v 18 §, 1, or 2. An ADC comprising the loker of Formula
[ has the Formula [{AY Ab-(A,- WY -DNp, wherein Ab, I3, and p are defined as above for Formula L
Exermplary embodimentis of such linkers are described in U.S. Patent No. 7,498,298,

In some embodimenis, a linker component comprises a “stretcher unit” (A) that links an
anitbody o another linker component or to 2 drug molety. Nonlimiting sxemplary streicher uniis are
shown below {wherein the wavy line indicates sites of covalent attachment 1o an anttbody, drug, or

additional linker components}:
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I some smbodiments, a Hoker component comprises an “amine acid unit™ (W), In some such
embodiments, the amine acid unit allows for cleavage of the linker by a proicase, thereby facilitating
release of the drug from the inmuncconjugste upon exposure io intracelbilar proteases, such as
Iysosomal eneymes (Doroning e af, (2003} Nar. Biotechnol 21.778-784). Exemplary aming acid units
include, but sre not Hmited to, dipepudes, tripeptides, tetrapeptides, and pentapeptides. Exsmplary
dipepuides inchude, but arg not limited to, valine-citrulline {vc or val-cit}, alanine-phenylalanine {af or
ala-phe}; phenvizianine-lvsine {{k or phe-lys); phenylalanine-homeolysine {phe-homolys); and M-
methylvabine-citrolling (Me-vabcit), Exemplary tripeptides include, but are not hmited to, glycine-
valine-citrulline {ghy-val-city and glycine-glveme-glyeine {ghy-gly-giy). An amine acid unit may
comprise aming acid residues that occur naturally snd/or minor amine acids andfor now-naturally
occurring anuno acid analogs, such as ciirulline, Amino acid unils can be designed and optimized for
enzymatic cleavage by a particular enzyme, for example, 8 timor-associated protease, cathepsin B, C
gnd D, or 4 plasmin protesse,

Typically, pepride-type linkers can be prepared by forming a peptide bond between two o
more amine acids and/or peptide fragrasents, Such peptide bonds can be preparcd, for example,
according o 2 Hauid phase synthesis method {e.g., E. Sclwlder and K. Lilbke {1965} “The Peptides”,
volume 1, pp 76-138, Academic Pressy,

In some embodiments, 2 Unker component comprises 2 “spacer unit” {Y) that lnks the antibody
£ a drug moiety, either directly or through & streteher unit anddor an amine acid unit. A spacer unit may
be “self-inwnolative” or 2 “non-selfdmmelative.” A “nog-self-iromelative” spacer unit is one in which
part or all of the spacer unit remains bound to the drug moiety upon cleavage of the ADC. Examples of
non-seif-immeolative spacer units include, but are not limited o, 3 glyeine spacer unit and a glveine-
glyoine spacer unit. In some embadiments, enzymatic cleavage of an ADC comaining a glycine-glycine
spacer unit by a turnor-cell associated proteass results in release of g glyeine-glyeine-drug moisty from
the remainder of the ADC. In some such embodiments, the glyeine-glveine-drug molety is subjected to
a hydrobvsis step in the fumor cell, thus cleaving the glveine-glyveine spacer unit from the drug meiely,

A “seif-inumolative” spacer unit allows for releass of the drug moiety, In certain embodiments,

& spacer unit of a lnker comprises a p-aminobenzy! unit. In some such embodiments, a p-aminobenzyl

&1
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alcobol is attached o an amino acid unit viz an amdde bond, and 2 carbamate, methylearbamate, or
carbonate 18 made between the benzyl slechol and the drug (Hamann et ol B005) Expert Opin, Ther.
Patents {2005 15:1087-1103). Yo some amnbodinmenss, the spacer unit comprises p-
aminobenzylonyearbonyl (PAB). In some smbodiments, an ADC comprising a self-immolative nker

has the structure:

Qi \

Al AW, NH"“/:E:\/}M‘ \
Ty A N
L A= 0-G-XD |

\ H
AN O / o

wherein Q s OOy alkyl, -O-(C-Cy alkyl), -halogen, -nitro, or -cyano; m is an integer ranging from §
to 4; X may be one or more additional spacer uniis or may be absent: and p ranges from 1 o about 20,
In some embediments, p ranges from 1 0 10, 1 w0 7, 110 5, or 1 1o 4. Nonlimiting exemplary X spacer

units include:

R‘-
7 K ~. s ?EE 3
/ \“\i ™~ fd R \v'/
ww\ P ;
[— and e o ; wherein B, and K, ars independently selscted

frown H and Cy-C alkyl. In some embodiments, R1 and B2 are each ~CHs.

Other examplos of self-immolative spacers include, but are not limited to, aromatic compounds
that are electronically similar to the PAB group, such as 2-amincimidazol-S-methanol dertvatives (U8,
Patent No. 7,375,078, Hay ¢/ af, {1999) Bivorg. Med. Chem. Lert. 9:2237) and ortho- or parg-
arminobensyviacetsls. In some embodiments, spacers can be used that undergo eyelization upon amide
bond hydrolysis, such as substitted and unsubstituted 4-aminobutyric acid amides {Rodrigues ¢t al
(1985) Chomistry Binlogy 2:223%, appropriately substituted bicyole{2.2.17 and bicyeln]{2.2.21 ring
systems {Storm et al (197237 Amer. Chem, Snc. 945815 and Z-aminophenyipropionic acid amides
{Smsbeery, ot al {1990}.7 Cry. Chem. 55538671, Linkage of a drug to the g-carbon of 2 ghveine residue
is another example of g selfiimmolative spacer that may be usefid m ADC (Kingshury et al (19843
Med, Chem, 271447},

In some smbodiments, linker L may be 2 dendritic type linker for covalent aftachment of more
than ong drag moiety to an antibody through a branching, multifinctiona! lnker motsty (Sun st al
{2002 Bivorganic & Medicing! Chemizory Letters 102213-2215; Sun et al {2003} Bivorganic &
Medicinal Chemistry 11:1761-1768), Dendritic linkers can increase the molar ratic of drug io antibody,
{2 oading, which is reiated to the potency of the ADC. Thus, where an antibody bears only one
reactive cysieine thiol group, 8 multinds of drug moieties may be attached through a dendritic inker,

Nonlimiting exemplary linkers are shown below in the comtext of an ADC of Formula L

o
Pt
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;wherein B, and
R, are independently selected from H and C,-Cy alkyl. In some embodiments, BRI and B2 are each -
CHs.
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PhehomoLys-PAB-Ab;
wherein nnis O 1o 12, In some embodiments, n is 2 to 10, In some embodiments, nis4 o 8.

Further nonlimiting exemplery ADCs inchude the structures:

A 9 / i I \;
Abe. i\\{L&N*X“C“Qj} AbTS-""mCi-%g'(}"------"Y-—-------(.}'mﬁ /
5\ g ip ) g

[ F \
O
o 5 !J N " f 5 “....
i oy NG C D}
Ayt G G S [ NI /
~ X o] \\ G 4 p
o . B
. o -
i /:"\WEE‘;“
Ab‘(SmCHQCmN G
y NI
where X is:
'"""C'Hz“(\}‘ oGl (O CH O
@
mCHg"‘f‘f—}’@“?ﬁ“(GHz}nm , ,
R
O
sy A GHglg o WH o
-~»~<§\ / tol3 (O O {CHa by
- | }

Y s
R ez
Al F o o
10 / ( 2>n 7

cach R is independently H or C~Cy alkyh and nis 10 12,

In some embodiments, a inker is substitoted with groups that modulate solubility and/or
reactivity. As a nonlimiling example, s charged substituent such as suifonate (-8G5} or ammonium may
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increase water sohubility of the linker reagent and facilitate the coupling reaction of the linker reagent
with the antibody andior the drnug modety, or facilitate the coupling reastion of AlvL (antibody-linker
intermediate) with D, or D-L (drug-linker intermediate) with Ab, depending on the synthetic route
emploved to prepars the ADC. In some embodiments, a portion of the linker is coupled to the antibody
and a portion of the lnker is coupled o the drug, and then the Ab-{linker portion)® is coupled o drug-
(Hrker portiony” 1o form the ADC of Formula L

The compounds provided hersin expressly contemplate, but are not limited to, ADC prepared
with the following linker reagents: bis-maleimido-trioxyethylens glyeol (BMPEG), N-(f-
mateimdopropyioxy-MN-hydroxy succinimide ester (BMPS), Ne{e-maleimidocaproyioxy) succinimide
ester (EMOS), N-[y-maleimidobutyryloxylsuceinimide ester (GMBE), 1,6-henane-bis-vinylsulfone
{HBYS), sucoinimidyl 4-(N-maleimidomethylioyvelohesane-1-carboxy-{6-amidocapsnate) (LC-SMCC),
m-maleimidobenzovl-N-hydroxysuccinimide ester (MBS), 4-(4-N-Maleimidophenvitbutyric acid
hydrazide (MPBH]), succintmidy] 3-{bromoasetamidojpropionate (SBAP), suceininidyl fodoacetate
{814}, succinimidyl (4-jodoacetyDaminobenzoate (SLIAR), M-succinimidyl-3-{2-pyridyidithic}
wropionats (8PP}, Neosvecininddyl-4-{2-pyridylithio)pentanoate (SPP), succinimidy] 4-{N-
maleimidomethylDeyelohexana-1-cerboxylate (SMCOC), succinimidyl 4-{p-maleimidophenylibutyrate
{SMPB), succinimidy] 6-{beta-maleimidopropionamidothexanoate] (SMPH), iminothiclane (IT),
sulfo-EMOE, sulfo-GMBS, sulfo-KMUS, sulfo-MBE, sulfo-81AR, sulfo-SMCC, and sulfo-SMPR, and
succmimidyl-{4-vinylsalibnelbenzoate (8V3EB), and inchuding bis-maleimide reagents:
dithiobismaleimidosethane (DTME}), 1,4-Bismaleimidobutane (BMB), 1.4 Bismaleimidyl-2,3-
dihydroxybuiane (BMDB}, bismaleimidoherane {BMH), bismaleimidoethane (BMOE), BM{PEG)
{shown below), and BM{PEG)H {shown below); bifunctional derivatives of imidoesters (such as
dimethy! adipimidate HOD, active esters {auch as disuccinimidyl suberate), aldshvdes (sugh as
glutaraldehyde), bis-axido compounds {such as bis {p-azidobenzoy!) hexanediamine), his-dizzoninm
derivatives (such as bla-{p-diazoniumbenzoyh-ethvlenediamine), dilsooyanates (such as toluene 2,6~
diisocyanate), and bis-active Huorine compounds (such as 1,5-difluoro-2 4-dinitrobenzene). In some
embodiments, bis-maleimide reagonts sllow the attachment of the thiol group of a cysteine in the
antibody to a thicl-containing drug molety, linker, or Hnker-drug intermediate, Other functional groups
that are reactive with thiol groups include, but are not limited to, lodoacetamide, bromoacetamide, vinyl

pyriding, disulfide, pyridyl disulfide, lsooyanate, and isothiocyanate.

O
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o
BMIPEG), BM(PEG)
Certain useful linker reagenis can be obtained from various commercial sources, such as Plerce

Biotechnolsgy, Inc. {Rockford, IL}, Molecular Bioseiences Inc {Boulder, CO), or synthesized in
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aceordance with procedures described in the aet; for example, in Tokd et al {2002} /. Org. Chem.

67 1866-1872; Dubowchik, ef @l (1997) Tetrahedron Letters, 38:5257-60; Walker, M.A. (1995} J G
Chem. 60:3332-53335; Frisch et o (1996} Bioconjugare Chem. T180-186; US 6214343, WO /088171,
U8 2003130139, UBZHI006743, WO 03/026577, WG 03/043583; and W 04/032828.

Carbon-14-labeled |-isothincyanatobenzyl-3-methyldiethviene trisminepentaasetic acid (M-
IFTPA) 18 an exemplary chelating agent for conjugation of radisnuclectide to the antbody. See, e.g.,
WOO4/1 1026,

By Drog Moleties
{1} Maytansine and maytansinolids

in some embodiments, an inynunoronjugate comprises an antibody conjugated to one or more
mayiansinoid moelecules, Maytansineids are derivatives of maviansing, and are mitoiotic inhibitors
which act by inhibiting whbulin polymerization. Maytansine was first isolated from the sast African
shrub Maytenus serrata (U8, Patent No. 38961110, Subsequently, it was discovered that certain
microbes also produce maytansingids, such a5 maytansino] and C-3 maytansino] esters (1.8, Patent Nuo.
4,151,042}, Syunthetic maytansinoids are disclosed, for example, in 115, Patent Nos. 4,137 .230;
4,248,870, 4,256,746, 4,260,608; 4,265,814; 4,294,757, 4,307,016; 4,308,268 4,308,269: 4,309,423
4,313,946, 4,315,929, 4,317,821, 4,322,348; 4,331,598; 4,361 ,650; 4,364,866; 4,424 ,219; 4,450,254;
4,382.663; and 4,371,533,

Maytansinoid drig moteties are attractive drug moieties in antihody-drug conjugates because
they are: {1} refatively accessible to prepare by fenmentation or chemical modification or derivatization
of fermentation products, (i} amenable o derivatization with functional groups suitable for conjugation
through non-disulfide lnkers to antibodies, (ilf} stable in plasma, and (iv} effective against a varicty of
tumor cell lines,

Certain maytansinoids suitable for use as maytansineid drug moleties are known in the art and
can be isolated from natural sources according w known methods or produced using genetic
engineering techniques {see, e.g., Yu et al {2002) PNAR 99:7958-7973). Maytansinoids may also be
prepared syathetically gecording to known methods.

Maytansinowd drug moleties include, but ars not limited to, those having a modified aromatic
ring, such gs: C-19-dechloro (UB Pat. No. 4256746} {prepared, for example, by lithivm alominam
hydride reduction of ansamytocin P2}, C-20-hydroxy {or C-20-demethyl} +.C-1%-dechloro (18 Par
MNos, 4361630 and 4307016} (prepared, for example, by demethylotion using Streptomyces or
Actinomyces or dechlorination using LAH),; and C-20-demethoxy, C-20-acyloxy ((OCOR), +/-dechloro
{(L1.5. Pai. Mo, 4,294,757} {prepared, for example, by acylation using acyl chlorides), and those having
modifications at other positions of the aromatic ring.

Maytansineid drug moieties alse include those having modifications such as: C-%-SH (US Pat.
We. 44242159 (prepared, for exarmple, by the reaction of maytansing] with H,8 or P.85); £-14-
alkoxymethyHdemethoxy/CH, ORHUS 4331 548); C-14-hydroxymethy! or acyloxymethyl (CH,OH or

&6
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CHLOAC) (US Pat. No. 4450254) (prepared, for example, from Nocardia}, C-158-hvdroxy/acyloxy (U8
4364864 (prepared, for example, by the conversion of maytansinol by Streptomyces); C-15-methoxy
{US Pat. Nos. 4313946 and 4315929) (for example, isolated from Trewia nudifiors}; C-18-N-demethyl
(1J8 Pat. Nos. 4362663 and 4322348} {prepared, for example, by the demethylation of maytansinol by
Streptomyces); and 4,5-deoxy (US 4371533) (prepared, for example, by the titanium trichlioride/LAH
reduction of maytansinol).

Many positions on maytansinoid compounds are usefisd as the linkage position. For example, an
ester linkage may be formed by reaction with a hydroxyl group using conventional soupling techniques.
In some embodirnents, the reaction may oceur at the -3 position having a hydroxyl group, the C-14
position modified with hydroxymethyl, the C-13 position muodified with a hydroxyl group, and the C-20
position haviog a hydroxyl group. In some embodiments, the Hnkage is formed at the C-3 position of
maytansinol or a8 maytansino! analogue.

Maytansinoid drug moieties include those having the structure:

MG (CRg)y8—3

3

Q i

~k/

-
CHyO i\

3
Ry

G

N N Q
CH3Q
where the wavy line indicates the covalent attachment of the sulfur atont of the maytansineid drug
molety to a inker of an ADC, Each R may independently be H or a C—Cy alkyl. The alkylene chain
attaching the arnide group to the sulfur atom may be methanyl, ethanyl, orpropyl, ie, mis 1,2, 0r 3
{US 633410; US 3208020; Chari et al (18923 Cancer Res. 32:127-131; Liu et al (1996) Proc. Natl
Acad. Sci USA 83:8618-8A23).
All stereotsomers of the maytansinoid drug modety are contemplated for the ADC provided
herein, 7.2, any combination of 8 and & configurations at the chiral carbons (U8 7276497 LS 691374%;
LIS 6441163; US 633410 (RE381S51); US 520802, Widdison et al (2006} 1. Med. Chem. 49:4382-

44083, In some embodiments, the maytansinoid drug molety has the following stereochemistry:

67
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H;;C\ O

Exemplary embodiments of maytansinoid drug mwieties nchude, but are not Hmited o, DM

03 and M4, having the struchares:

HiG, CHCH S 3

N
R Yo
Hal o Q
o 3\N i T 0
N
DM
CHO—
W
/w
CHa
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h4

wherein the wavy hine indicaies the covalent stiachment of the sulflwr atorn of the drug to a linker (L) of
an antihody-drg conjugate,
{ther exemplary maytansinoid antibody-drug conjugates have the following structures and

abbreviations {whersin Ab is antibody and p 13 | to about 20, In some embodimenis, pis | to 1, pis 1
o7, pisiwSorpisltod)y

Ab -SPP-DMI

. MN—i——Ab
j}? / 1

Ab-SMOC-DMI
69
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Exemplary antibody-drug conjugates where DM is Hnked through 2 BMPEQ linker to a thiol

group of the antihody bave the structure and abbreviation:

S G Al

—d P

where Ab is antihody; nis 8, 1, or 2; and p is 1 1o about 20, In some embodiments, pis Lo {8, pis i to
Z,pisltwSorpisliod

Immunoconjugates containing maytansinoids, methods of miaking the same, and their
therapeutic use are disclosed, for example, in U8, Patent Nos. 5,208,020 and 5,415,064, US
2005/0276812 Al and BEuropean Patent EP G 425 235 Bl See also Liu et al. Proc. Natl deed, Sci. US4
$3:8618-8623 '

(1898}, and Chart ef of. Cancer Kesearch 52:137-131 (1992},

In some embodiments, antibody-maytansinoid conjugates may be prepared by chemically
linking an antibody to a maytansineid molecule without significantly diminishing the biological activity
of ¢ither the antibody or the maytansinoid molecule. See, e.g., 1.8, Patent No. 5,208,020, In some
embodirnents, ADC with an average of 3-4 maytansinoid molecules conjugated per antibody molecule
has shown efficacy in enhancing cytotoxicity of target cells without negatively affecting the function or
selubility of the antibody. In some instances, even one molscale of foxinfantibody is expected to
enhance cytotoxicity over the use of naked antibody.

Linking groups for making antibody-maytansineid conjugates include, for example, those
described herein and those disclosed in U5, Patent No. 5208020; EP Patent 0 425 235 Bl; Chari et af
Cancer Research 52:127-131 (16823, US 2005/0276812 Al; and 1S 2005/0160683 Al

(2} durisicting and dolastating
Drug moisties include dolastating, auristating, and analogs and derivatives thereof {(US
5635483, US 5780588, US 5767237, US 6124431), Aurisiating are derivatives of the marine mollusk
compound dolastatin~-10. While not intending to be hound by any particular theory, dolastating and

guristatins have been shown 1o interfere with microtubule dynamics, GTP hydrolysis, and nuclear and
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cellnlar division {Woyke et al (2001} Antimivrob. Agents and Chemother, 45(320:3580-3584) and have
anticancer {US 5663149) and antifungal activity (Pstiit et al {1998) dntimicred, Apents Chemother.
42:2061-2965). The dolastatin/auristatin drug moiety nay be attached to the anubody through the N
{amino) terminus or the C {carboxyl) terminus of the peptidic drug moiety (WO 02/088172; Doronina
et al {20033 Nanere Bivtechnology 21{Ty:778-784; Francisco et al {2003} Slood 102(4):1458-1463).
Exemmplary auristatin embodiments include the N-terininus linked monomethylauristaun drug

moieties Dy and Dy, disclosed in US 74882598 and US 7659241

RO o R’ o )y oy R
& 4 /
,55:.?;\ vl [\ - @\ /’U\ /”"\\ - N........:f\ f/L . N
N N N/ N - N 18
, A (R
R? R RS RY O RE 0 Dy
R j» T"" { Y o ® 0
£ / s 14
LN NP Eﬁj\\ TN e . ’NM\\ A e N\ PN R
VYR YT Y
2 0 RER mf RE O RE O ~
R‘H} e

wherein the wavy line of D and Dy indicates the covalent attachrnent site 10 an antibody or antibody~
Hiker coraponent, and independently at each location:

R is selected from H and C,-Cs alkyl;

R is selected from H, C,-Cy alkyl, Cs-Cs carbocycle, aryl, C)-Cy alkylearyl, C-Cy alleyl-{Cs-Cy
carbocyele), Ci-Cy heterocycle and C-Cq alkyl-{Cs-Cq heterocycle);

R* is selected from H, C-Cy alkyl, Ci-Cy carhocycls, aryl, C,-Cy alkvl-aryl, C,-Cs alkyH{{5-Cs
carbocyele}, CiCy heterocycle and C-Cy alkyl-{{U;-Cy heteracyele);

R’ is selected from H and methyl;

or R* and R® joindy form a catboeyelic ring and have the formula ~{CR*R®},~ wherein R and R® are
independently selected from H, C-Cs alkyl and Ci-Cq carbocyeleand 1 is selected from 2,3, 4, S and 6;
RY is selected from H and C,-Cy alkyl;

R’ is setected from H, C;-Cy alkyl, C5-Cs carbocyele, aryl, Ci-Cy alkylearyl, C;-Cy alkyt-{C5-Cy
carbocyele), Ci-{y heterocycle and C-Cp alkyl-{Cs-Cq heterocyela);

each R is independently selected from H, OH, C,~-Cs alkyvl, C-Cy carhocycle and G-(C-Cs alky);

R is selected from H and C,-Cg alkyl;

R iz selected from aryi or U3-Cs heteroeycle;

2150, $, NH, or NR¥, whersin R'? is C-Cy alkyl;

R is selected from H, C«Cag alkyl, arvl, Co-Cs heterooyele, (RPON-R™, or (R0, -CHER

mt 18 an integer ranging from 1-1000;
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R 45 0505 ikl
RYis ¥ or €0 allevt
each cocurrence of RY is independently H, COUH, ~(CH MR 'Y, ~{CHw-8S0:H, or ~(CH),-805-
Cy-Cy alkyl;
sach occurrence of R'® is mdependently H, C-Cs alkoyl, or —(CH,)-COOH;

W

R is selected from —C(RY —~CR vl ~CERML-CERMN—0-C heternoyele), and
R R M0y carbocyele); and
1 is an integer ranging from 8 o 6,
En one embodiment, B, R and R are independently isopropyl or sec-butyl and B is ~H or
10 methyl o an exemplary smbodiment, B and R are each isopropyl, B is -H, and R is sec-butyl.
In yet another embodiment, R and R® are each methyl, and BY is 1L
In siill another embodiment, each occurrence of R® is -OCH,,
In some embodiments, B and R are cach isopropyl, R and R® are cach methyl, R¥is -H, B &
sec-butyl, sach sccurrence of RY is -OCH,, and R’ is -H.
15 In one ermbodiment, 7 is -0~ or -NH-.
In e embodiment, R' iz arvl.
B an exemplary embodiment, R is «phenyl.
In an exemplary embodiment, when Z s -O-, R' is -H, methyi or t-butyl,
In one embodiment, when 2 is -NH, R is SCH(RPY,, wherein R is n{f.THQ),,nN(R;é}g, and R'®
is L0 -Cy alleyl or {CHL-CO0H.
In another embodiment, when 2 is -NH, R is CH(R'™Y,, wherein RY i {CH)-SO,H.

o]
<

An exemplary auristatin embodiment of forwada Dy s MMAFE, wherein the wavy line indicates

the covalent attachment o a linker (L} of an antibody-drug conjugate:

. \‘\i/f e o N ‘I‘/ L 4 O
£ ; it » ;
& . /L_\\ - ;\E e /u.\ /[ S N \\_\ o "\/ N ~ //g\\\ r"{';\\

S ~ : T MMAE

25 An exemplary auristatin embodiment of formula Iy is MMAF, whersein the wavy line indicatss

the covalent attachment to 2 lnker (L) of an antibody-dmg conjugale:

\_\ -~ /
It
a‘" é j
§ o~ j /L j\ \ / ~, / l/ N Ry,

‘,z»

?\E T j

“\\ 0 “'\ 0’; \\C}H S

MMAF
Uther exemplary embodiments include monomethylvaline compounds having phenyialanine

carboxy madifications at the C-termimus of the pentapeptide auristatin drug molety (WO 2007/008848)

i~
i

and monomesthylvaline compounds having phenylalanine sidechain modifications at the C-erminus of
the pantapeptide auristatin drug molety (WO 2007/008603).
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Nowlimiting exemplary embodiments of ADC of Formula T comprising MMAFE or MMAF and
various linker commponents have the following structures and abbreviations {(wherein “Ab” is an

antibody; pis 1 o about & “Val-Cit” is a valine-ciirulline dipeptide; and “8” is a sulfir aton

I
i

oY oYY A
Ahu-fu---s » PR N ] < H
N ef & { ‘T’ M ‘\g”N"g’ L‘a};“‘ ~ \mMNMZ\E,i\r.N\vf\/\\ kY
(N N g oAb 0.0 f ,L L
1 - Yal-Oit-N L6 T & PN Nu
! H S T OHY
O p

Ab-MC-ve-PAR-MMAF

Q
TN A RN

[
[
b

:“
»

{
A5 . R
NS > LR Oy
i LRt VY A N { RPN
e o At oo L E T TN
s Cotone
p
Ab-MC-MMAF

Nonkimiting exemplary embodiments of ADCe of Formmada [ comprising MMAF and various
linker components further include Ab-MC-PAR-MMAF and A-PAB-MMAF, Immuncconjugates
cormprising MMAF attacked to an antibody by a linker that is not protecivtically cleavable have besn
shown to possess activity comparable to Inununoconjugates comprising MMAF attached to an antibody
by a proteslyiically cleavable linker {Doroning ef ¢f, (2006) Bivconfupate Chem. 17:114-124), In some
such embaodiments, drug release is believed to be effected by antibody degradation in the cell.

Typically, peptide-based drug moieties can be prepared by forming a peptide bond between two
or more amine acids and/or peptide fragments, Such peptide bonds can be prepared, for example,
acoording to a lquid phase synthesis method (ses, e.g., E. Schrider and K. Litbke, “The Peptides”,
volume I, pp 76-136, 1963, Academic Press). Auristatin/dolastatin drug moieties may, in some

embodiments, be prepared according to the methods oft US 7498298; 1S §635483; US S7803588; Pettit
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et al {19897 dm. Chem. Soc. 111:54563-3465; Pentit et al (1998} Ant-Cancer Drug Design 13:243-
277, Petiit, G.R., ef af, Symihiesis, 1996, 719-725; Pettit et al {1996} J. Chem. Soc. Perkin Trans. |
3:85%-883; and Doronina (2003} Nas. Bivtechnol 21{TVT78-784.

In some embodiments, auristatin/dolastatin drog meieties of formulas D such as MMAE, and
Do, such as MMAF, and drug-linker intermediates and derivatives thereof, such as MC-MMAF, M-
MMAE, MC-vo-PAB-MMAF, and MC-ve-PAR-MMAE, may be prepared using methods described in
US 7498298; Doronina ef af. (2006} Bicconfugate Chem, 17:114-124; and Doronina ef ol {2003) Nas
Bigrach. 21:778-784and then vonjugated to an antibody of interest.

{3} Calicheamicin

In some embodiments, the mmunoconjugste comprises an antibody conjugated to one or more
caticheamiein molecules. The calichearicin family of antibiotics, and analoguics thersof, are capable of
producing dovble-stranded DNA breaks at sub-pleomolar concentrations (Hinman ot ¢f, (1993) Cancer
Resegroh §3:3336-3347; Lode o2 af, {1998} Cancer Reyearch 58:2825-2928), Calichearnicin has
intracellular slies of action but, in certain instances, does not readily cross the plasma membrane.
Thercfore, cellular uptake of these agenis through antihody-mediated internalization may, in soms
embodimeants, greatly enhances their cyiotoxic effects. Nonlimiting exemplary methods of preparing
antibody-drug conjugates with a calichesmicin drug molsty are deseribed, for example, in US 5712374;
US 5714586, US 57381 16; and LIS 5787285,

(4} Pyrrolobenzodiazepines

In some embodiments, an ADC comprises a pyrrolohenzodiazepine (PRI Tn some
embodiments, PFDB dimers recognize and bind 1o specific DNA sequences. The natural product
anthramycin, 8 PBD, was first reported in 1965 (Leimgruber, of af, (1365).7 Am. Chem. Soc., 875793~
3785; Lewngruber, eral (1965 S 4m. Chem. Soc., 87:5791-8743). Since then, a number of PBDs,
both neturally-occuming and analogues, have besn reported {Thuarston, of f., (19943 Chem. Rev. 1994,
433-465 including dimers of the tricyelic PBD scaffold (15 6884799, US 7049311, US 7067511 US
FRHR105; UB 7511032, Us T52B126; US 7357089 Without intending to be bound by any panicular
theory, it is belisved that the dimer structure impanis the appropriate three-dimensions! shape for
ischelicity with the minor groove of B-form DN, leading 1o a snug fit at the binding site {Kohn, In
Antibiotics 1IL Springer-Verlag, New York, pp. 3-11 {1975% Hurley and Needham-VanDievanter,
{1588} Ace. Chem. Res., 19:230-237). Dimeric PBD compounds bearing U2 aryl substituents have been
shown to be useful as eytotoxic agents (Hartley et al (2010} Cancer Res. 70{171:6849.6858; Antonow
{20103 7. Med, Chem. 53(7%2927-2041; Howard et al (2009} Rivorganic and Med. Chem. Letters
19(223:6463-6466).

PBD dimers have been conjugated to antibodies and the resulting ADRC shown 1o have anti-
cancer properties. Nonlimiting exemplary linkage sites on the PBD dimer include the Sve-membered
pyrelo ring, the tether between the PBI units, and the N10-Cl1 imine group (WO 2009/4316515; US
20093064710 US Z010/A047257; US 2009/036431; US 2011236157, WG 201 1/130548).
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Nonlimiting exemplary PBI} dimer components of ADCs are of Formula A
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and salts and solvates thereof, whereln:

5

0'..‘:;_:%/
(:'\
A
'
/s

A
the wavy line indicates the covalent attachment site to the linker;

the dotted Hnes indicate the optional presence of a double bond between Cl and €2 or C2 and C3;
10

&’ is independenily selecied from H, OH, =0, =CH,, CN, R, O, =CH-RC, =C(RD),, 0-80,-R,
MeySn and halo;

COR and COR, and optionally further selected from halo or dihalo, wherein R” is independently
selected from R, CO,R, COR, CHO, C0-H, and halo;

halo;

ot
(€1)

R® and R” are independently selected from H, B, OH, OR, SH, SR. NH,, NHE, NRR’, NO,,

R s independently selecied from H, B, OH, OR, 83, SRB, NH., NHR, NRR", N, Mea;5n and
{J is independently selected from O, § and NH;

R g either H, or R or, where {318 O3, 304M, where M is a metal cation;
R and R are each independently selected from optionally substituied Ci g alkyl, T iy alkyl,

5-, 6 or T-membered heterocyvelic ring;

s heterooyelyl, O 5 beteroeycle, and Csy aryl groups, and optionally in relation to the group MNRR,
R and R’ together with the nitrogen atom (o which they are attached form an optionally substituted 4-,
20

R is a Oy, alkyiene group, which chais may be interropted by one or more hetergatoms, e.g,
substitded; and

RP2 R R and B are ag defined for B2, R R and R respectively;
3, 8, N{H}, NMe andfor aromatic rings, e. g benzene or pyridine, which rings are optionally

X and X are independently selected from O, 8 and N(H).

In some embodiments, B and B are cach indepandently selected from optionally substiruted O

iz atkyl, Ty heteroeyele, and Csop arvi groups, and optionally in relation to the group NRR”, R and B’
7-membered heterocyelio ring.

wgether with the nitrogen atom to which they are aached form an optionally substituted 4-, 8-, G- or
in some embodirmenis, RY and Y are HL

In some embodiments, B® and B are H.

In some embodiments, R are R'7 are both OR7®, where 7 ix optionally substituted €., alkyl.
In some embodiments, B is Me. In soms smbodiments, ®™ is i3 ChoPh, where Phis a phenyl group.
In some ermbodiments, X is O
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In somne embodiments, RY s B

in some embodiments, there 18 & double bond between €2 and O3 in each monomer unit.

En some embodiments, R and R are independently selected from H and B. In some
enbodiments, Y and R'? are independently R. In some embodiments, R? and R are independently
optionally substituted Caag aryl or O arvl or oy arvl. In some embodiments, B and BR7 are
independently optionally substinuted phenyl, thienyl, napthyl, pyridyl, quinelinyl, or isoguinolinyl, In
some embodiments, R and " are independently selected from =0, ={H,, ="H-RP, and =C{RD}3 Lin
soms embodimenis, R? and RY each =CH,. In some embodiments, R? and B'? are each H. In some
embodiments, B and B are each =0. In some embodiments, B and B are each =CF,. In some
smibodiments, R’ and/or RY are independently =C(R™y. In some embodiments, B and/or B are
indepsndently =CH-R®.

In some embodiments, when B and/or R 15 =CH-R”, each group may independently have

gither configuration shown below:
r o
N " m*fi‘i\
s /
¢ S ;
X 2 o N \..:x H
\,{f’ e ‘t:( R [/ #
O H )
B {1}
in some embodiments, g =CH-R™ s in configuration (1}
In some embodiments, R” is 3 C; alkylene group or a Cs alloylene group,
In some erobodiments, an exernplary PBD dimer component of an ADC has the strocture of
Foroula Aty

chl
o
H, 'ﬁﬁm\if I \%A\,}“ v j/ N
P ¢
[ N N
AN Dinte ONG A
2 ATy

whersinn ig G or 1.
I some embodiments, an exemplary PBL dimer component of an ADC has the stracture of

Formula A

S
} ik
,;.,N PR \v%,\w][,\v/()\]/ INM
£y
\/ g i\ii
{ OMie T \/,L%
& AL,

whereinnis ¢ or .
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i some embodiments, an sxemplary PBD dimer component of an ADC has the structure of
Formula A{II:
J‘»;"‘
Ko,
\Vr%/\/%’\\/ I X&._g

“oMe oM y ";\\ RE

RS
Q & A{IED:

wherein B® and B are exch independently selected from H or R®, wherein R is defined as above; and
whersinnis G or 1,

In some emhbodiments, 11 is 0. In some embodimenis, nis 1. In some embodimenis, B and/or
R¥ is H. In some stubodiments, B and B* are H. In some embodiments, B andfor R¥ is RP, wherein
R? s optionally substituted C\» alkyl. o some embadiments, B® and/or BY 15 RY, wherein R is
methyl

in some embodiments, an exemplary PED dimer componernt of an ADC has the struciure of
Foromala A{IV}:

S
0OH
- e O
F - A l /\[ /l / Mh“
Do, F gt o
PR { OMa {}Me TN
© G ALIVY:

wherein Av' and Ar” are each independently optionally substituted Cspg aryl; wherein Ar' and A" may
he the same or different; and
wherein nigfor 1,

In some embodiments, an exemplary PR dimer component of an ADC has the structare of
Formusla A{VY):

Y
i
[;jj‘if;pr,f»' B \ﬂ/\\t[fﬁ\,{’\/}:\,/a\v/\j/ N""‘
* i
M\ s A ’&x
~ \..,
Aﬁf’*\ﬁ\f OMe Ot \/’“‘Arz
&

ALVY;
wherein Ar' and Ar’ are each independently optionally substifuted Csao arvl, wherein Ar' and Ar® may
be the same or different; and
wherginn s or |

Tn some embodiments, Ar' and Ar' are each independently selected from optionaily substituted
phenyl, furanyl, thiopheny! and pyridyl. In some embodiments, Ar' and Ar are sach independently
optionatly substituted phenyl, In some embodiments, Ar' and Ar’ are sach independently optionally
substituted thien-2-v1 or thien-3-v1. In some embodiments, Ar' and Ar ave each independently

optionally substitaled quinolinyl or isoguimolinyl. The guinglinyt or isoquinolinyi group may be bound
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to the PRI core through any available ring position. For exampls, the quinolinyl may be quinolin-2-vl,
gquinolin-3-yl, quinolin-4vl, quinokn-3-yl, quineln-S-vi, quinolin-7-yl and quinolin-8-vl. In some
embodiments, the guinoliny! is selected from quinolin-3-yl and guinolin-6-y1. The isoqguinolinyl may be
isogquinelin-1-v, isoquinolin-3-vi, lsoquinalin-dyl, isoquinelin-3-y}, isoquinclin-6-v1, isoquinolin-7-vl
and isoquinolin-8-yl. In seine embodiments, the Bboguinolingl is selected from issquinelin-3-vl and
isoquinolin-G-yl,

Further nonlimiting exemplary PRD dimer components of ADCs are of Pormula B

&1 %,

and salts and solvates thereof, wherein:
the wavy Hne indicates the covalent attachment site to the Hider,
the wavy ling connecied to the O indicates the 5 or R configuration;
RY and Y are independenity selected from H, methyl, ethyl and pheny! {which phenvi may be
optionally substituted with fluors, particularly in the 4 position) and Ce; heterooyelyl; wherein RYY and
R may be the same or different; snd
nisilori,

¥n some embodiments, B and BY are independently selected from H, phenyl, and 4-
fluorophenyl.

In some embodiments, a linker may be attached at one of various sites of the PBD dimer drug
moiety, including the N16 fmoine of the B ring, the -2 endo/exo position of the C ring, or the tether unit
finking the A rings {see structures C{1) and T below).

Monlimiting exemplary PBD dimer components of ADCs include Formulas C(F) and C:

Iy y
H ,-:.’JN S .,Oa\/‘.":‘»xfj\\,'/’@\ /14.";:, "Ex‘:\ﬁﬁ
A n ]L P A
1\ / o N \T\;;‘ \T & Z T ?]"” N\ff"’:"'\"\ifﬁ?
i G R Ry O
7, Rs ()
Ry Ry
M, 7 ‘\;rf'fj‘\ O by O A Eff:\ w
~{ 8 E\AI n \/[ !Xﬁ"‘z
‘\. - oy vy = - N i X %
N T(\ T/ < R D i
g o R Ra © glq
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Formulas {0} and CL) are shown in thelr NIG-C11 imine form, Exemplary PRI drug
maieties alse mclude the carbinolamine and protected carbinclaming forms as well, as shown in the

table below:

Fyn
M, 1 on @ ory
\‘ S, S,
AN AN SN
Imine Carbinolarmine Protected Carbinolamine

wherein:
isCHyn=110 55, N, or O
Z and 7 are independently selected from OR and NR,, where B is a primary, secondary or tertiary
alloyl chain containing 1 to 3 carbon atomns;
Ei, Ry, Ky and R, are each independently selected Fom H, C)-Cy alkyl, $2-Cs alkenyd, Tr-Cy alkynyl,
Ciap aryl (including sobstituted aryls), Cs o heteroaryt groups, ~NH;, -NHMe, -OH, and -8H, where, in
some embodiments, alkyl, atkenyl and alkynyl chains comprise up 1o § carbon stoms;
R; and K’; arc independently selected from H, OR, WHE, aod NR., where R is a primary, sscondary or
tertiary alkyl chain containing 1 (o 3 carhon atorns;
R, and R, are independently selscted from H, Me, and Obe;
Rs s selected from C-Cy alkyl, $3-Cy slkenyl, Cr-Cr allovnyvl, Ciog aryl (including aryls substitued by
hale, nitro, cvano, sikexy, alleyl, heterooyelyt) and Cogp heteroary! groups, where, in some
embodirnants, alkyl, alkeny! and alkyoyl chains comprise up to 5 carhom atoms;
Ry is H, C-Cp atkyvl, or 8 protecting group (such as acetyl, influoroacetyl, t-hutoxyearbonyl (BOC),
benzvioxycarbony! (CBE), 8-Fuorenylmethylenonyearbony! (Pmoe), or 2 molely comprising a self-
immolating unit such as valine-citruliine-BAB),
Ripisis H, £,-Cy alkyl, or a protecting group:
wherein a hydrogen of one of By, By, By, By, or Byy or a hydrogen of the -OCH CHCUOLCHCHLO-
spacer betwesn the A rings is replaced with a bond connecied to the linker of the ADC,

Exemplary PUB dimer portions of ADC include, but are not fimited to {the wavy line indicates

the site of covalent attachment to the Hnker):

Y fOH
H/ y = N\I - Q\\ 0\\,/ \v/ \\,/'O\Tff“\ o \>£;-§
v

e -

i Y I‘ e ~. /i\. “ £ \
i ; R N ~ FFN !

A © © NN
Q s ~ PBD dimer;

Monlimiting exemplary embodiments of ADCs comprising PBD dimers have the following

siructures:
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PBE dimer-Phe-homoLys-PAR-Ab, wherein:

nisfin 12, In some embodiments, n is 2 to 10, In some embodiments, nis 4 © 8. In some

embodimenis, o is selected from 4, 5,6, 7, and 5.
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The linkers of PBD dimer-val-cit-PAB-Ab and the PBD dimer-Phe-homoLys-PAB-Ab are
privesse cleavable, while the lindier of PED dimer-maleimide-scetal is acid-labile,

PRD dimers and ADC comprising PBE dimers may be prepared according 1o methods known
in the art. Yee, eg, WO 2000016316, US 2009/304710; US 2010/047257, US 2009/036431; US
20V1A0256187, WO 201 1/130598,

{3} dnthracyclines

In sorne embaodiments, an ADC comprising anthracycline, Anthracyclines are antibiotic
compaunds that exhibit cytotoxic activity. While not intending to be bound by any particular theory,
studizs have indicated that anthracyelings may operate to kill cells by a number of different
mechanisms, including: 1) imercalation of the drug molecules into the DNA of the cell therehy
intubiting DNA-dependent nucleic acid synthesis; 23 production by the drug of free radicals which then
react with cellular macromolecules to cause damage (o the cells, and/or 3} interactions of the drug
molecules with the el membrane (see, 2.z, €. Peterson & af, “Transport And Storage OF

Anthracyeline In Experimental Systems And Human Leukemia” in Anthragyeline Antibiotics In Cancer

Thorapy; MR, Bachur, “Free Radical Damage” id. at pp.97-102). Because of their aviotoxic potential
arthracyalines have beenused In the reatment of numerous cancers such as leukemia, breast
carcinoma, hing carcinoma, ovarian adenocarcinoma and sarcomas (see e g, P.H- Wisrnik, in

Anthracyeline: Current Siatus And New Developments p 1)

Monlimiting exemplary anthracyelines include doxorabicin, epirubicin, idanubicin,
daunomyein, nemorubicin, and derivatives thersof, Inoumocornjugates and prodrugs of daunorubicin
and doxorubicin have been prepared and studied (Kratz et al 2006 Curreny Med. Chem. 13:477-523;
Teffrey et al (2008) Bivorganic & Med. Chem. Letiers 16:3538-362; Torgov ot al (2008} Biocans. Chem.
E6:717-721; Nagy ot al {2000) Froc. Narl dcad, Sci. US4 97:829-834; Dubowchik et al (2002) Bisorg.
& Med. Chem, Leiters 12:1529-1532; King ot ol Q0023 J Med. Chem. 45:4336-4343; EP (328147, U8
66305793 The anttbody-drug conjugate BROS-doxorsbicin rescts specifically with the nemor-
associated antigen Lewis-Y and has been evaluated in phase { and 11 studies {Saleh ot al (20060) .7 Cin
Oneolegy 18:2282-2292; Ajam et sl (2000} Cancer Jour, 6:78-81; Tolcher et al (1989} .0 Jlin
Oncolpgy 17:478-484),

PMLI-139682 is 2 potent metabolite {or derivative} of nemorubicin (Quintieri, ef al. (2005}
Clinival Concer Research 1143 1608-1617). Mamorubicin is s semisynthetic analog of doxorubicin
with a Z-msthoxymerpholing group on the glveoside amine of doxorublein and has been under clinical
evaluation {Grandt o al (1990} Cancer Tread. Rev. 17:133; Ripamontd et al (1992} Brit. J Coancer
£35:703; ), including phase IFTH trials for hepatoceliular carcinoma (Sun et al (2003} Proceedings of the
Awmerican Seciety for Clinical Onoology 22, Abs1448; Quintert (2003) Procsedings of the American
Association of Cancer Research, 34:1st Bd, Abs 4649; Pacciaring et al (20068} Jour. Clin. Oneolegy
24:34116).
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A nonliraiting exemplary ADC comprising nemorubicin or nemorubicin derivaiives is shown in

Formuls Ia:

{ia}

-1
wherein K, s hydrogen atom, hydroxy or methoxy group and By is 8 C,-Cs alkoxy group, ora
pharmacentically acceptable salt thereof)
Ly and 2 together are a linker (L) as described herein;
T is an antibody (Ab) as described herein; and
wis 1 i aboul 20, In some embodiments, mis o 10,1t 7, 10 8, 0r | to 4,

In some embodiments, By and R, are both methoxy (-OMe).

A further noniimiting exempiary ADC comprising nemorubicin or nemorubicin derivalives is
shown in Formula Ih:

O OH ks

f"\* S Ao

B, © OH O it}
G N,
AT
O {
S 3
r{

wherein By is hydrogen atom, hydroxy or methoxy group and R, is 2 0-C; alkexy group, or a
pharmaceutically acceptable salt thereof;

L2 and £ rogether are a linker (1.} as described herein;

T is an antibody {Ab) as described herein; and

mi s 1o about 20, In some embodiments, mis 1w 10, 107, 110 5. or L 10 4,

In some embodimenis, B, and B, are both methoxy {-0Ode).
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In some embodimenis, the nemerubicin component of 3 nemorebicin-contalning ADC s PNLL

139687, In some such embodiments, the drug portion of the ADC may have one of the following

structures:
oy
Chy
T
M
o O
P kJ/L\_ ,\T L OH
l‘,/
R o N N O
[ T
O @ O 5
N
\&.L\/J‘,N,
‘-;‘;JWJ"\,,/O
B8
- Lot
(i} O {i«m g
. ’l‘\/""\/’ ‘;‘;

L
%
&

wherein the wavy Hne indicates the attschment o the lnker (L),

Anthracychines, including PNU-159682, may be congugated 1o antibodies Guough several
linkage sites and a variety of linkers (US 201 1/0076287; WO2009/099741; US 201 0/0034837, WO
2010/009124) , including the linkers deseribed herein,

10 Exemplary ADCs comprising o nemorubicin and linker include, but are not limited 1o0;

\/i\ i e =~
T : - a
Lo G oM
A
o
| l\\:/ '."N‘A\
Dm0
6‘\
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PREI-1 59682 maleimide acetal-Ab;

Ah"sq\/\f\j\w

G T

Ohe

PNU-159082-valcit-PAB-spacer-Ab;

&4
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PN 1 39682 val-cit-PAB-spacer(R RY)-Ab, wherein:

Ry and R; are independently selected from H and C)-Cg alkovl; and

PCT/US2014/043952

The inker of PNUL1 59682 malsimide acetal-Ab is acid-labile, while the hinkers of PNU-
13968 2-valclt-PAB-Ab, PP 3868 val-cit-PAR-spacer-Ab, and PNU-1 89682 -val-¢it-PAR-

spacer(R'R)-Ab are protease cleavable,

(6} OGther Drug Moicties

Drag moieties also inchide geldanamyein (Mandler et 8l 2800} S Naz Cancer fnst,

SI19N1573-1581; Mandler st 8l (2000) Bioorganic & Med. Uhem. Letters 10:1025-1028; Mandler ot al

{2002 Sioconjugare Chem, 13786-791 ) and enzymatically active toxing and fagments thereof,

tncluding, but not limited to, diphtheria A chain, nonbinding active fragmments of diphtheria foxin,
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sxotoxin A chaln {from Pseudormonas aeruginesa), ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleuriles fordii proteins, duanthin proteins, Phytolacs americans proteins {(PAPL, PAPH,
and PAP-S), momordics charantia inhibitor, curcin, orotin, sapsonaria officinalis inhibitor, gelonin,
mifogellin, restrictocin, phenomyein, enomyein and the triccibecenes, Seg, eg., WO 93/21232.

Dirug mejeties alse include compounds with pucleskytic astivity {e.g., 3 ribonuclease or 8 DNA
enddonueclease),

in sertain embodiments, an inununoconjugate may comprise a highly radioactive atom. A
variety of radioactive isolopes are available for the production of radioconjugated antibodies. Examples
include A, I 1P ¥ R Re™S, 8m'™ | BEY, PP PR and radivactive isotopes of Lu. In soms
embodiments, when an nunoconjugaie is used for detection, it may comprise a radioactive atom for
sointigraphic studies, for example Te™ or 1'%, or a spin label for nuciear magnetic resonance (NMR)
imaging (alse known as megnetic resonancs imaging, MRED, such as rirconbin-89, iodine-123, iodine-
131, indium-1 11, fluorine-18, carbon-13, nitrogen-15, oxygen-17, gadolinium, manganese or iron.
Zirconium-8% may be complexed o various metal chelating agents and conjugated o antibodies, 2.2,
for PET wmaging (WO 2011/056983),

The radio- or other labels may be incorporated in the mmuncconjugate in known ways, For
example, 3 peptide may be biosynthesized or chemieally synthesized using suliable amine acid
Precursors comprising, for example, one or more fuorine-19 atoms in place of one or more hydrogens,
I some embodiments, tabels such as Te™, ', Re™® Re'™ and In'"! can be attached via a cysieine
restdue in the antibody. In some embodunents, vitnem-90 can be attached via 3 lysine residue of the
antibody. In some embodiments, the IDDOGEN method (Fraker of al (1878} Blochem. Biophys. Res.
Commun. 80 49-37 can be used to incorporate ioding-1 23, "Monoclonal Anibodies in
immmunoscintigraphy” (Chatal, CRC Press 1989} dascribes certain other methods,

In certein embodiments, an mmunoconisgate may comprise an antibody conjugated to 3
prodrug-activating enzyme. In some such embodiments, 2 prodrug-activating eneyime converis a
prodrug {e.g., a poptidy] chemotherapeutic agent, see WO 81/01148) to an active drug, such as an anti~
cancer drug. Such tnmunoconjugates are useful, in some embodiments, in antibody-dependent enzyme-
mediated prodmg therapy (“ADEPT”). Enzymes that may be conjugpted o an anithody include, but are
net Hmited (o, alkaline phosphatases, which are useful for converting phosphate-containing prodnags
into free drogs; arvisalfatases, which are useful for converting sulfste-containing prodrugs inw fres
drugs; cytosine deaminase, which is useful for converting non-toxie 5-flucrocyiosine into the anti-
cancer drug, S-fluorcuracil; proteases, such as serratia protease, thermolysin, suliilisin,
carboxypeptidases and cathepsing (such as cathepsing B and L), which are useful for converting
peptide-containing prodrugs into free drugs; D-alanvicarboxypeptidases, which are usetul for
sonverling prodmigs that contain De-amino acid subsiituents; carbohydrate-cleaving engymes such as B-
galactosidase and nevraminidase, which are useful for converting glveosylated prodrugs into free drugs;

s
B-lactamase, which is useful for converting drugs derivatized with B-lactams into free drugs; and
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penicillin amidases, such as penicillin ¥V amidase and penicillin G amidase, which are usefu] for
converting drugs derivatized at their amine nitrogens with phenoxyacety! or phenvylacetyl groups,
respectively, into free drugs. In some embodiments, enzymes may be covalently bound to antibodies by
recombinant DNA technigues well known in the art. See, e.g., Neuberger 22 ol , Nature 312:604-608
{1984},

¢y Drug Loading

Drug loading is represented by p, the sverage numbser of drug moisties per antibody ina
medecule of Formula L Drag loading may range from T to 20 drg moteties () per antibody. ADCs of
Formuda ] include collections of antibodies conjugated with 2 range of drug modeties, from 1 to 20, The
average munber of drug moieties per antibody in preparations of ADC from conjugation reactions may
be characterized by conventional means such as mass spectroscopy, ELISA assay, and HPLC. The
guantitative distribution of ADC In terms of p may slso be determined. In some instances, separation,
purtfication, and characterization of bomogeneous ADC where p is 3 certain value from ADC with
other drug loadings may be achieved by means such as reverse phase FPLT or electrophoresis,

For some antibody-drug corgugates, p may be lmited by the mumnber of attachment sites on the
aniibody, For example, where the attechiment iz 8 oyateine thiol, as in certain exemplary ermbodiments
shove, an antibody may bave only one or several cysteine thiol groups, or may have only one or several
sufficiently reactive thiol groups through which a lindeer may be attached. In certain embodimenta,
bigher drug loading, e.g. p»5, may cause aggregation, nsolubility, toxicity, or loss of cellular
permeability of cartain antibody-dnig conjugates. In certain embodiments, the averags drug loading for
an ADC ranges from { to about 8; from sbout 2 to about 8; or from about 3 to about 3, Indeed, it has
heen shown that for eentain ADCs, the optimal ratio of drug moleties per antihody may be less than B,
and may be about 2 o abour 3 (U8 74982683,

In certain embodiments, fewer than the theoretical maxtmum of drug moleties are conjugated to
an antibody during a conjugation reaction. An anttbody may contain, for example, lvsine residues that
do not react with the drug-linker intermediate or linker reagent, as discussed below, Generally,
antibodies do not coniain many free and reactive cysteine thio! groups which may be linked o 3 drug
moiety; indesd most cysieine thicl residues in antibodiss exist as disulfide bridges. In ceriain
embodiments, an antitbody may be reduced with a reducing agent such as dithiothreitel {BTT or
tricarbomylethyiphosphine (TCEP), under partial or towal reducing conditions, to generate reactive
cysteine thuol groups. In cerfain embodiments, an antibody 1s subjected to denaturing conditions to
reveal reactive nucleophilic groups such as lysine or cysteine.

The leading (drugfantibody ratio} of an ADC may be controlled in different wavs, and for
example, byr (3} limiting the molar excess of drug-linker intermediate or linker reagent relative to
antibody, (it} limiting the conjugation reaction time or temperanirs, and (i) partial or luniting redustive

conditions for cysteine thiol moedification.

e}
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11 18 1o be understond that where more than one nucleophilic group reacts with a drug-linker
intermaediate or linker reagent, then the resulting product is a mixture of ADC compounds with a
distribution of one or more drug moieties attached (o an antibody. The average number of dnigs per
antibody may be calculated from the mixture by a dual ELISA antibody assay, which is specific for
antibody and specific for the drug, Individual ADC molecules may be identified in the mixture by mass
spectroscopy and separated by HPLC, e.g. hydrophobis interaction chrormatography {see, eg.,
McDonagh et al 2008) Prot. Engr. Design & Selection 19(7):299-307; Hamblett ot al (2004} Chn.
Cancer Res, 143:7063-7070; Hamblett, K.J., e ol “Effect of drug loading on the pharmacoiogy,
pharmacokinetics, and toxicity of an anti-CI30 antibody-drug conjugate,” Absiract No., 624, American
Association v Cancer Research, 2004 Annual Meeting, March 27-31, 2004, Proceedings of the
AACR, Volume 45, March 2004, Alley, 8.C., ef 2l “Controlling the location of drug attachment in
antibody-drug corjugates,” Abstract No. 627, American Association for Cancer Research, 2004 Annual
Meeting, March 27-31, 2004, Proceedings of the AACR, Volume 45, March 2004), In certain
embodiments, a homogeneous ADC with a single loading value may be isolated from the conjugation
rotirse by electrophoresis or chromatography.

d) Certsin Methods of Preparing Immunoconiugates

An ADC of Formulda 1 may be prepared by several routes eroploying organic chemistry

reactions, conditions, and reagerys known to those skilled in the art, inehuding: (1) reaction of a
nucleophilic group of an antibody with a hivalent linker reagent to form Ab-L via a covalent bond,
followed by reaction with a drug moiety B; and {2} reaction of a nucleophilic group of a drug moiety
with a bivalent linker reagent, to form -1, via a covalent bond, fo Howed by reaction with a
nucleophilic group of an antibody. Exernplary methods for preparing an ADC of Formula 1 via the latter
readte are desoribed in UB 7498298

Nucleophilic groups on antibodies include, but are not lmited to: (i} N-terminal amine groups,
(11} side chain amine groups, e.g bysine, (i) side chain thiol groups, e.g. cysteine, and {(iv) sugar
hydroxyl or amino groups where the antibody is glycosylated. Arnine, thiol, and hydroxyl groups are
nucleophilic and capable of reacting to fortn covalent bonds with electrophilic groups on lnker
moisties and linker reagents including: {i) active esters such as NHS esters, HOB! esters, haloformates,
and actd halides; {ii} alkyi and beneyi halides such as haloacetamides; and (i1} aldehvdes, ketones,
carboxyl, and maleimide groups. Certain antibodies have reducible interchain disulfides, i e. cysteine
bridges. Antihodics may be made reactive for conjugation with linker reagents by treatment with 2
reducing agent such as DTT {dithiothreitol} or tricarhonylethylphosphine (TCEPY, such that the
antibody is fully or partially reduced. Fach cvsteine bridge will thus form, theoretically, two reactive
thiol nucleophiles. Additional nucleoghilic groups can be introduced into antibodies through
modification of lysine residues, e.g., by reacting lysine residues with 2-iminothiclane {Traut’s reagent),

resulting in conversion of an amine inte a thiol. Reactive thiol groups may also be introduced into an
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antibody by introducing one, two, three, four, or more cysieine residues {e.g., by preparing variant
antibodies comprising one or more non-native cysteine amino soid residues).

Antibody-drug conjugates provided herein may also be produced by resction between an
electrophilic group on an anuibody, such as an aldehyde or ketone carbony! group, with 3 nocleophilic
group on z lnker reagent or drug. Useful nuclesphilic groups on a Haker reagent inchude, but are not
limited to, hydrazide, oxime, amino, hydrazine, thiosemicarbazone, hydrazine carboxylate, and
arvihydrazide. In one embaodiment, an antibody is modified o introduce electrophilic moisties that are
capable of reacting with nucleophilic substituents on the Huker reagent or drug,. In another embodiment,
the sugars of glveosviated antibodies may be oxidized, e.g. with periodate oxidizing reagents, o form
aldehyde or ketone groups which msy react with the amine group of linker reagents or drug molsties,
The resulting roine Schiff buse groups may form g stable Hokage, or may be reduced, eg. by
borohydride reagents to form stable amine Hnkages. In one embodiment, reaction of the carbohydrate
portion of a glyeosylated antibody with sither galactose oxidase or sodium meta-pericdate may vield
carbonyl {aldehyde and ketone} groups in the antibody that can react with appropriate groups on the
drug {Hermanson, Bioconjugate Techniques). In another smabodiment, andibodies containing N-terminal
sering or threonine residues can react with sodivrn meta-periodate, resulting in production of an
aldehyde in place of the first amine acid {Geoghegan & Stroh, (1992 Bloconjugate Chem. 3:138-146;
US 5362832, Such an aldehyde can be reacted with a drug moiety or linker nucleophile.

Exenyrlary mucleophilic groups on a drug moilety include, but are not Himited to7 amine, thiol,
hydroxyl, rydrazide, axime, hydrazine, thicsemicarbazone, hydrazine carboxylate, and arylhydrazide
groups capable of reacting 1o form covalent bonds with electrophilic groups on linker moleties and
linker reagents including: (8} active esters such ss NHS esters, HOB& esters, haloformates, and acid
halides; (1) alky] and benzyi halides such as haloacetamides; (1i1) aldehydes, ketones, carboxyl, and
maleimide groups.

Monlimiting exemplary cross-linker reagents that may Be used to prepare ADC are described
herein in the section titled “Exemplary Linkers.” Methods of using such cross-linker reagents to link
swo moieties, including 8 proteinacesus moiety and a chemical moiety are known in the art. In some
embodiments, a fusion protein comprising an andibody and a oylotoxic agert may be made, 2.z, by
recombinant fechniques or peptide synthesis. A recombinant DNA molecule may comprise regions
encoding the antibody and cytotoxic portions of the conjugate either adjacent to one ansther or
separated by a region encoding & linker peptide which does not destroy the desived properties of the
conjugate.

in yet ancther embodiment, an antibody may be conjugated (o 8 “receptor” (such as
streptaviding for utilization in tumor pre-targeting wherein the antibody-recepior conjugate is
administered {0 the patient, followed by removal of unbound conjugate from the ciroulation using a
clearing agent and then adminisiration of 8 "ligand” {e.g., avidin} which i conjugated to a cvintosic

agent {e.g., a drug or radionuclentids),
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E. Methods apd Compositions for Diagnostics and Detection

Inn certain erabodiments, any of the ant-FoRHS antibodies provided herein s uastid for
detecting the presence of FeRHS (e g, FcRHS) in a binlogical sample. The term "detecting” as used
herein encompasscs quantitative or qualitative detection. In certain embodiments, a biclogical sample
comnprises a eell or tissue. In certaln smbodiments, such Hesuses include normal and/or canverous tissues
that express FeRHS at higher levels relative 1o other tissues, i example, B-cells and/or B-cell
associated tissues. In some embodiments, the antd-FoRHS angibody binds an isoform ¢-specific region
of the extraceliuiar domain of FoRHS3¢. In some embodiments, the anti-FoRHS antibodies binds Ig-like
domain ¢ of FeRH 3¢,

In one aspect, provided herein are rmethods of detecting the presence of FeRHS in a biclogical
sample. In certain embodiments, the method comprises contacting the biclogical sample with an anti-
FeRHS antibody under conditions permissive for binding of the anti-FeRHS antibody to FeRHS, and
detenting whether 8 complex s formed between the anti-FeRHS antibody and FeRHS. In one aspedt, the
invention provides a method of disgoosing a disorder associated with increaged expression of FeRHS,
In certain emnbodiments, the method comprises contacting a iest cell with an anti-FeRHS antibody;
deterrnining the level of expression {elther quantitatively or qualitatively) of FoRHS by the test cell by
detscting binding of the anti-FeRHS antibody to FeRHS; and comparing the level of expression of
FoRHS by the test cell with the level of expression of FeRHS by a conirol cell {e.g., a normal cell of the
samie Hssue arigin as the test cell or a cell that expresses FeRHES at levels comparable (o such 2 nommsl
cell}, wherein g higher level of expregsion of FeRHS by the test cell a3 compared i the control csll
indicates the presence of a disorder associated with inereased expression of FoRHS. In certain
gmbodiments, the test cell is obtained from an individual suspested of having & disorder associated with
increased expression of FoRHES. In certain embodinments, the disorder s a cell proliferative dizorder,
such as a cancer or 2 tumor. In some embodimenis, the FeRHS is FeRHS<. In some embodiments, the
andi-FeRHS antibody binds an iseform c-specific region of the extracelhular domain of FeRHS5¢. In
some srubodiments, the anti-FoRHS antibodies binds {g-like domain 9 of FelHSe.

Exemplary cell proliferative disorders that may be diagnosed using an antibody described
herein inciude a B-cell disorder and/or 2 Becell proliferative disorder including, but not lmited 1o,
tymphoma, multiple myslomsa non-Hodghin s lymphoma {NHL), aggressive NHL, relapsed sggressive
MEL, relapsed indolent NHL, refractory NHL, refractory indolent WHL, chronie ymphoueytic leukemia
{CLL}, small lymphooytic lymphoma, leukemia, hairy cell leukemia (HCL), acute lymphocoviie
feukemia (ALL), and mantle cell bymphoma.

In one srubodiment, an anti-FoRH3 antibody for use in a method of diagnosis or detection is
provided. In a further sspect, 5 method of detecting the presence of FeRHS in s biological sampls s
provided. In certzin embodiments, the meethed comprises contacting the biolegical sample with an anti-
FcRES antibody as described herein under conditions permissive for binding of the angt-FoRHS

antibody to FeRHSE, and detecting whether a complex is formed between the anii-FoRHS antibody and
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FoRES in the bickogical sample. Such method may Be an in vitre or in vive method. In one
ernbodiment, an anti-FeRHS antibody 1s used to select subjects eligible for therapy with an anti-FoRHS
antibody, eg. where FoRHS is 2 biomarker for selectivn of patients, In a further embodiment, the
biological sampls is 2 cell or tissue {e.g, bopsy materizl). In some embodiments, the ant-FeRHS
antibody binds an isoform o-specific region of the extracellular domain of FoRHS5¢, In some
emhodiments, the anti-FeRHS antibodies binds Ig-Hke domain 9 of FeRHSc,

in g firther embodiment, an ant-FeRHS antibody is used in vive to detect, e.g., by in vive
imaging, an FeRH3-positive cancer in a subject, e.g., for the purposes of dlagnosing, prognosing, or
staging cancer, determining the appropriate course of therapy, or moniioring response of a cancer o
therapy. One method known in the art for in vive detection is nynuno-positron emission wroography
{immunc-PET}, as described, 2.z, in van Dongen ef @, The Oncologiess 12:1379-1388 (2007 and Verel
et al, J. Nuel Med 44:1271-1281 (2003} In such embodiments, 2 method is provided for detecting an
FeRES-positive cancer in a subject, the method comprising adminisiering 2 labeled ant-FeRHS
antibody 1o 8 subject having or suspected of having an FeRFS-positive cancer, and detecting the
{abeled anti-FeRHS antibody in the sabject, wherein detection of the labeled anti-FeRHS antibody
indicates an FeRM3-positive cancer in the subject. In certain of such embodiments, the labeled anti-
FoRHS antibody comprises an anti-FeRHS antibody conjugated to a positron smitter, such as "Ga, F,
e, a"’Yi e, ¥ and " Ina particuiar embodiment, the positron emitter is 7. In some
embodiments, the anti-FCRHS anitthody binds an isoform cepecific region of the extracelivlar domain
of FeRHS¢, In some embodiments, the ant-FeRHS antibodiss binds lg-like domain 9 of FeRHS5«.

In further embodiments, 2 method of disgnosis or detection comprises contacting a first ant-
FoRHS antibody omobilized 0 a substrate with a biological sample to be tested for the presence of
FcRHS, exposing the substrate to a sscond antl-FeRHS antibody, and detecting whether the sscond anti-
FeRHS is bound to a complex between the first anti-FeRHS antibody and FoRHS in the binlogical
sample. A substrate may be any supportive medium, e.g., glass, metal, ceramic, polymeric beads, slides,
chips, and other substrates. In certain embodiments, & biological sample comprises a cell, blood, or
tissue {2.2., biopsy material)

Exeroplary disorders that may be disgrnsed or detected according to any of the above
embodiments include FeRHS-posttive cansers, such as FeBHS -positive B-cell proliferative disease,
FeRHA-positive plasma cell neoplasim, snd FoRHS-pusitive mubtiple myeloma, In some smbodiments,
an FeRHS-positive cancer is detected by anti-FeRH3 immunchistochemistry (IHCY or in situ
hybridization (ISH). In some embodiments, an FeRM3-positive cancer is a cancer that expresses FoRHS
according 10 a reverse-transcriptase PCR (RT-PCR) assay that detects FCRHS mBNA. In some
embodiments, the RT-PCR is quantitative RT-FCR.

In ceriain embodiments, labeled anti-FeRHS antibodies are provided. In some embodiments,
the ant-FoRMS antibody binds an isoform c-specific region of the extracellular domain of FeRHSe. In

some embodiments, the anti-FoRHS antibodies binds [g-tike domain 9 of FcRH 5. Labels include, but
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are not limited to, labels or midetiss that are detected directly {such as flusrescent, chromophoric,
electron-dense, chemiluminescent, and radioactive labels), as well as modetiss, such as enzymes or
ligands, that are detected indirectly, e.g., through an snzyroatic resction or molecular interaction,
Exemplary labels inchude, but are not limited to, the radiofsotopes P, “C, 1 *H, and P,
fluorophores such as rare sarth chelates or fluorescein and its derivatives, rhodamine and its derivatives,
dansyl, wmbelliferone, luciferases, e g, firefly luciferase and bacterial luciferase (11.8. Patent No.
4,737,438}, luciferin, 2,3-dihwdrophthalazinediones, horseradish peroxidase (HRP), alkaline
phosphatase, B-galactosidase, ghacoarnylase, lysozyme, saccharide oxidasss, e.g., ghicose oxidase,
galactose oxidase, and glucose-G-phosphate dehydrogenase, heterooyelio oxidases such as uricase and
xanthine oxidase, coupled with an enzyme that employs hydrogen perogide 1o oxidize a dve precursor
such as HRP, lacioperoxidase, or microperoxidase, biotin/avidin, spin labels, bacteriophage labels,
stable free radicals, and the like. In another embodiment, a label is a positron emiiter. Positron emittera
include but are not Hmited to ®Ga, 18, “Cu, ¥Y, Br, Y7 50d L Ina particular embodiment, a
positron emiter s 21,
F. Pharmaceutical Formuilations

Pharmaceutical formulations of an anti-FelRHS antibody or imumumoconiugate as deseribed
herein are prepared by mixing such antibody or immunoconjugate having the desired degree of purity
with one or more optional pharmaceutically acceptable carriers (Remington's Pharmaceutical Sciences
16th edition, Osol, A Ed. (1980}}, in the form of lyophilized formulations or aqueocus solutions.
Pharmaceutically acceptable carners are generally nontoxic 1o recipients at the dosages and
concentrations employved, and include, bt are not Hmited ! buffers suck as phosphate, citrate, and
sther organic acids; antioxidants including ascorbic acid and methionine; prescrvatives {such as
octadecyidimethyibenzyl ammoniem ehloride; hexamethonium chioride; benzatkonium chioride;
benzethonium chioride; phenol, buty! or benzyl alcohs!; alkyl parabens such as methyl or propy!
paraben; catechol; resorcinel; eyclohexancl; 3-pentancl; and m-cresol); low melecular weight {less than
about 10 residues) polypeptides; proteins, such as serum albumin, gelatin, or inwnunoglobuling,
fydrophitic polymers such as polyvinylpyrrolidone; amino acids such as glvene, ghutamine,
asparagine, histiding, arginine, or lysine; monosaccharides, disaccharides, and other carhohydrates
including ghicoss, mannoss, or dextring; chelating agents such as EDFTA; sugars such as sucrose,
rpannitol, trehalose or sorbiiol; salt-forming courter-ions such as sodivm; metal complexes (e.z. 7n-
protein somplexes); and/or non-tonie surfactants such as polyvethylens giveol (PEG). Bxernplary
pharmaceutically acceplable carriers herein further include insterstitial drug dispersion agents such as
schuble neutral-active hryaluronidase glycoproteins (sHASEGP), for example, hurnan sohuble PH-20
hyaluronidase glycoproteins, such as (HuPH20 {HYLENEX", Baxter Intemational, Ins.}. Certain
exemplary SHASEGPs and methods of use, including tHuPH20, are described in US Patent Publication
Mos, 2005/0260186 and 20060104988, In one sspect, a sSHASEGP is combined with one or more

additional glycosaminoglyeanases such as chondroiiinases, In some embodiments, the anti-FoRHS
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andibody binds an isoform c-specific region of the extraceliular domain of FeRHS5e, In some
embodiments, the anti-FeRHS antbodics binds Ig-like domain 8 of FoRHSe,

Exemplary fvophilized antibody or immunseonjugate formulations are described in US Patent
Mo, 6,267,958, Aquecus antibody or immumoconjugates formuistions include those described tn US
Patent Do, 6,171,388 and WO20058/344808, the {atter formulations including a histidine-asetate buffer.

The formulation herein may also contain more than one active ingredient as necessary for the
particular indication being treated, preferably thoss with complementary activities that do not adversely
affect each pther.

Active ingredients may be entrapped in microcapsules prepared, for example, by coacervation
techniques or by interfacial polymerization, for example, hvdroxymethyleelhulose or gelatin-
microcapsules and pely-(methylmethacylate) microcapsules, respectively, in colloidal drug delivery
systerns {for example, liposomes, albumin microspheres, microenwmlsions, nano-particles and
nanocapsules) or in macroemulsions. Such techmiques are disclosed in Remington's Pharmaceutical
Sciences 16th edition, Osol, A, Ed. (1980},

Sustainsd-release preparations may be prepared. Suitable examples of sustained-release
preparations inchide semipermeable matrices of solid hydrophobic polymers containing the antibody
and/or imymunoconjugate, which matrices are in the form of sheped articles, e.g. films, or
microcapsuies.

The formulations o be used for iy vive administration are generally sterile. Sterility may be
readily accomplished, e.g., by filtration through sterile filtration membranes.

;. Therapeutic Methods and Compositions

Any of the anti-FeRHS antibodies {e.g., FeRHS hispecific antibodies) andior
imnunccmyugates provided herein may be used in methods, e.g., therapeutic methods. In some
embodiments, the anti-FeRHS antibody binds an isoform c-specific region of the exiracellular domain
of FeRHSe. In some embodiments, the anti-FoRHS antibodies binds Ig-like domain ¢ of FeRH3e.

In one aspect, an auti-FoRHS antibody {(2.5., FeRHS bispecific antibody) and/or
imununoconjugate provided herein is used in & method of inhibiting proliferation of an FoRH35-positive
cell, the method comprising exposing the cell to the ant-FoRHS antibody (&g, FoRHS bispecific
antibody} and/or Immunoconjugate under conditions permissive for binding of the anii-FoRHS antibody
{z.z., FoRHS bispecific antibody) snd/or imnumoconjugate to FeRHS {eg., FeRHS¢) on the surface of
the cell, thereby inhibiting the prohiferation of the ¢ell. In certain embodiments, the method is an in
vifro ot an i vive method. In Ruther embodiments, the cell is 3 B-cell proliferative disorder. In cerain
emboduments, the cell proliferstive disorder is associated with increased expression and/or activity of
FoRHS {e.g,, FcRHSc), For example, in certain embodiments, the B-cell proliferative disorder is
associated with increased expression of FoRHS on the surface of & Bocell. In cenain embadiments, the
B-cell proliferative disorder is a tumor or a sancer, In some embodiments, the B-cell proliferative

disorder is a plasma cell neoplasin. In some embodiments, the plasma cell neoplasm is multiple
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myelona, plasmacytoms, and/or MOUS, Examples of Becell proliferative disorders o be treated by the
antibodies and/or immunocenjugates of the invention include, but axe not limited to, lymphoma,
multiple myslomanon-Hodgking lymphoms (IWHL), aggressive NHL, relapsed aggressive NHL,
relapsed indolent NHL, refractory NHL, refractory indolent NHL, chronie lymphooyviie leukemia
{CLL}, small lyinphooytic ymphoms, loukemnia, hairy cell lsukemia (HCL), acute lymphooyiic
isukemia {ALLY, and/or mantle cell bymphoma,

Presence of various biomarkers in o sample can be analyzed by a number of methodologiss,
many of which are known in the art and understoed by the skilled artisan, including, but not Hmited 1o,
ipmunchistochemistry (“IHC™), Westorn blot analysis, immunoprecipitation, molecular binding sssays,
ELISA, ELIFA, fluorescence activated cell sorting {"FACUS™), MassARRAY, protesmicy, quantitative
blood baszed assays (as for example Serum ELISA), binchemical enzyvmatic activity assays, in st
hybridization, Southern analysis, MNorthemn analyeis, whole genome sequencing, polymerase chain
reaction {"PCR")Y including quantitative real time POR (“gRT-PUR™) and other amplification type
detection rethods, such as, for example, branched DMA, SISBA, TMA and the like, BNA-Seg, FISH,
microatray analysis, gene expression profifing, andfor serial snalysis of gene expression (“SAGE™), as
well as any one of the wide variety of assays that can be performed by protein, gene, and/or tissue array
analysis. Typical protocols for evaluating the status of genes and gene products are found, for example
o Ausubel ef @/, eds., 1995, Current Protocols In Molecular Biology, Untis 2 (Northern Blotting}, 4
{Southem Blotting), 15 (nmunobloiting} and 18 {PCR Anslysis) Muoltiplexed immminoassays such a3
those available from Rules Based Medicing or Meso Scale Discovery ("MSEY"} may also be used.

. .
M ¥ urninescent

Inhibition of cell proliferation i visre may be sssayved using the CellTiter-Glo
Call Viability Assay, which is conunercially available from Promega (Madison, WIb. That assay
determines the number of viable cells in culture based on quantitation of ATP present, which is an
indication of metabolically active cells. See Crouch ef al (199330 Inwnunc!, Meth. 160:R1-88, LS Pat
Np. 66026877, The assay may be conducied in 96- or 384-well format, making it amenable to sutomated
high-throughput screening (HT8). See Cree et ol (1998} dnsiCancer Druge 6398404, The assay
procedure involves adding a single reagent (Celi Titer-(c” Reagant) directly to cultured calls. This
resitlts in ool lysis and generation of a honinescent signal produced by & hucifersse reaction. The
lumingscent signal is proportional 10 the amount of ATP present, which is directly proportional to the
mumber of viable cells present in cultvre. Data can be recorded by luminometer or CCD camera
tmaging device. The luminescence utput is expressed a3 relative light units (RLLN.

In ancther aspect, an anti-FeRHS antibody {e.g., FoRHS3 bispecific antibody) and/or
imrnunoconugate for use as a roedicament s provided. In Rarther aspects, an anti-FeRHS antihody
{e.g., FcRHS5 bispecific antibody) and/or immunocconjugate for use in a method of treatment is
provided. {nn certain embodiments, an anti-FeRHS antibody {e.z., FORHS bispecific antibody) sndfor
immuncconiugate for use In treating FeRMS {eg, FoRMSch-positive cancer s provided. In ceriain

ermbodiments, provided herein the anti-FeRE S antibody (including FeRHS bispecitic antibody) andfor
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irnmmnoconjugate for use in s method of treating an individua! having an FoRHS (e.g., PeRHSc)-
positive cancer, the method comprising admmistering to the individual an effective amount of the anti-
FeRHS antibody and/or immunoconjugste. In some smbodiments, the anti-FoRHS antihody binds an
isoform c-specific region of the extracellular domain of FoRHSe. In soms embodiments, the apti-
FeRHS amibodies binds Ig-like domain 9 of FeRHS3e. In one such embodiment, the method further
cotrprises adrnimistering to the individual an effective amount of at least one additional therapeutic
agent, €.g., a5 described balow,

n a further aspeet, provided herein are uses of an anti-FeRHS antibody {e.g., FeRHS bispecifin
antibodyy andfor imumunceonjugate in the manufachure or preparation of 2 medicament. In one
embodiment, the medicament is for reatment of FCRITS {e.g., FCRHSc)-positive cancer. In a further
embodiment, the medicament is for use in & method of treating FeRHS {e.g., FoRH5c)-positive cancer,
the mathod comprising administering to an individual baving FeRHS {e.z., FeRHSch-positive cancer an
effective amount of the medicament. In one such embodiment, the method further comprises
administering o the individus! an effective amount of at least one additional therapeutic agsnt, .4, a3
described below. In some simbodiments, the antd-FeRHS antibody binds an iscform c-specific region of
the extracellular domain of FeRH3¢. Tn some embodiments, the anti-FoRHS antibodies binds Ig-like
domain 9 of FeRH3e,

In 2 further aspect, provided herein are methods for treating FoRHS {e.g., FeRH5positive
cancer. In one ersbodiment, the method comprises adminisiering to an individual baving such PeRHS
{e.g., FeRH3c}-positive cancer an effective amount of an anti-FeRHS antibody {e.g., FeRHS bispecific
antibody) and/or imrnunoconjugate. In one such embodiment, the rosthod further comprises
administering to the individos! an effective amount of at least one additional therapeutic agent, as
described below. . In some embodiments, the anti-FeRHS antibody binds an isoform o-specific region
of the extracelhular domain of FeRHSe. In some embodiments, the anti-FeRHS antibodies binds Tg-lke
domaimn 9 of FeRHS¢,

An FeRHE3-positive cancer according {0 any of the above embodiments may be, e.g., FeRIS-
posiiive B-cell proliferative disorder, FeRHS -positive plasma cell neoplasm, sndfor FeRHS-positive
mutitiple myeloma. I some embodimuenis, an FeRHA-positive cancer is detected by anti-FoREHS
imsounchistochemistry (BIC) or in site hybridization (ISH). In soise embodiments, an FeRHS-positive
cancer is a canver that expresses FeRHS according 1o 8 reverse-transeriptase PCR (RT-PCR) assay that
detects FoR RS mRNA. In some smbodimends, the RT-PCR is quantitative RT-PCR.

In sorne embodiments of any of the above embodiments, the individual may be 2 human.

In & further aspect, provided herem are phameceutical formulations comprising any of the anti-
FeRHS antibodies and/or iomunoconjugate provided herein, e.g., for use in any of the shove
therapeutic methads. In one enbodiment, 2 pharmacsutical formulation comprises any of the anti-
FeRHS antibodiss {e.g., bispacific antibodies) and/or inununoconjugates provided herein and a

pharmaceutically scceptable carrier. In another embodiment, 2 pharmacentical formulation comprises
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any of the anti-FeRHS antibodies {e.g., bispecific antibodies) and/or immunoconjugates provided herein
and at least one additional therapsutic agent, e.g., as described below,

Amntibodies {g.g., bispecific antibadies) andfor immunoconjugates provided herein can be uged
either alone or in corbination with other agents in a therapy. Such combination therapies noted above
encompass combined administration (where twe or more therapeutic agents are included in the same or
separate foromlations), and separate administration, in which case, administration of the antibody or
immunoconjugate provided herein can ocour prior to, sioutanesusty, and/or following, sdmnistration
of the additional therapeutic agent and/or adpuvant. Antibodies snd/or iInrounoconiugates provided
herein can also be used in combingtion with radiation therapy.

An antibody {incinding bispecific antibody) and/or immmunoconjugate provided herein (and any
additional therapeutic agent’ can be administersd by any suitable means, including parenteral,
wtrapulmonary, and intranasal, and, i¥ desired for local reatment, intralesional admindstration,
Parenteral infusions include iniramuscular, intravenous, intraarterial, intraperitoneal, or suboutaneous
administration. Dosing can be by any suitable routs, g by injections, such as intravenous or
subsutanesus ijections, depending in part on whether the adminisiration is brief or cheonic. ¥arious
desing schedules meluding but not limited to single or mubtiple administrations over various time-
points, bolus administration, and pulse infusion are contemplated heretn,

Anttbadies {e.g., bispecific antibodies) and/or Gommnoconiugates provided herein would be
formulated, dosed, and adminisiered in a fashion consistent with good medical practice. Factors for
consideration in this conteat include the particular disorder being treated, the particular mammal heing
treated, the clinjeal condition of the tndividual patient, the cause of the disorder, the site of delivery of
the agent, the method of adminisiration, the scheduling of administration, and other factors kaown o
medical practitioners. The antibody (e.g., bispecific antibodies) and/or impmunoconjugate need not be,
but is optionally formulated with one or more agents currently used to prevent or treat the disorder in
guestion. The effective amount of such other agents depends on the amount of antibody or
pnmunocojugate present in the formulation, the type of disorder or treatment, and other faciors
discussed above. These are generally used in the same dosages and with administration routes as
desaribed hersin, or about from 1 to 9956 of the dosages described herein, or i any dosage and by any
route that is smnpiricallv/clinically determined to be appropriate.

For the prevention or reatment of disease, the appropriste dosage of an antibody {e.g.,
bispecific antibedy) and/or immunoconiugate provided hereln (when used alone or in combination with
one or more sther additional therapeutic agents) will depend on the type of disease o be reated, the
type of antibody or impmumocongugate, the severity and course of the disease, whether the antibody
{e.g., bispecific antibody} and/or invnunoconjugate is administered for preventive or therapeutic
purposes, previcus therapy, the patient’s clinical history and responss to the antibody or
imsmunoconiugate, and the diseretion of the attending physician. The antibody {e.g., bispecific

antibody) andfor immunoconjugate are suitably adminisiered o the patient at one time or over a series

-
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of ireatmenis. Depending on the type and severity of the disease, about 1 pg'kg 1o 15 mgkg {eg
8.1 mg'kg-10meke) of antibody or immuncconugate can be an initial candidate dosage for
administration to the patient, whether, for example, by one or more separale administrations, or by
contimuons nfusion. One typical daily dosage might rangs from about 1 pgfg o 100 mg'ke or more,
depending on the fctors mentioned above, For repeated administrations over several davs or longsr,
depending on the condition, the treatrent would generally be sustained uniil 8 desired suppression of
discase symploms ocsurs. One exsmplary dosage of the antibody {e.g., bispecific antibody) and/or
immunoconjugate would be in the range from sbout 0.03 mg'kg to about 10 mp'kg, Thus, one or more
doses of about .3 mg/kg, 2.0 mg/kg, 4.0 megdeg or 10 mpfkg (or any combination thereot) may be
administered to the patient. Such doses may be administered intermitiently, 2.z, every week or every
three weeks {e.g. such that the patient receives from about two 1o abowt twenty, or 2.z, about six doses
of the antibody}. An inttial higher loading dose, followsd by one or more lower doses may be
adrmnistered. However, other dosage regimens may be useful. The progress of this therapy is easily
monitored by conventional techniques and assays.

it is undersiood that any of the above fornulations or therapeutic methods may be carried out
using both an immuneconjugate provided herein and an anti-FoRHS antibody. In some smbodiments,
the anti-FeRHS antibody binds an isoform o-specific region of the extraceliolar domain of FeRHSe. In
some ernbodiments, the anti-FeRHS antibodies binds Ig-like domain 9 of FcRHSe.

H. Articles of Manufactore

In anather aspect provided herein, an article of manufzeture containing maierials useful for the
treatment, prevention and/or diagnosis of the disorders described sbove is provided, The article of
manufachure comprises & container and 2 label or package insert on or associated with the container,
Suitable containers include, for example, botties, vials, syringes, TV sclution bags, ste. The containers
may be formed from a variety of materials such as glass or plastic. The container hoids a composition
which is by itself or combined with another composition effective for treating, preventing and/or
disgnosing the disorder and may have a sterile acoess port {for example the container may be an
intravenous solution bag or a vial having 2 stopper plerceable by 3 hypodernmic injection needis). At
leasl one active agent in the composition is 2o antitbody or immunoconiugate provided herein, The labet
or package insert indicates that the composition is used for ireating the condition of choice, Moreover,
the articls of manufacture yay comprise {a) a first container with 2 composition coniained therein,
wherein the composition comprises an FoRHS antibody {e.g., bispecific antibody) andior FoRHS
immunoconjugate provided heretn; and (8) 4 second container with a composition contained therein,
wherein the composition comprises a further cviotoxic or otherwise therapeutic agent. The article of
manufacture in this embodiment provided herein may further comprise a package insert indicating that
the compositions can be used to treat a particular conditon. Altematively, or additionally, the atticle of
manufacture may further comprise 2 second {or third) container comprising a pharmaceutically-

acoeptable buffer, such as bacteriostatic water for injection {(BWFD), phosphate-buffered saline, Ringer's
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solution or dextrose solution. It may further include other materiale desirable from a commercial and
user standpoint, including other buffers, diluents, filters, nesdles, and syringes. In some embodiments,
the anti-FoRHS antibody binds an isoform c-specific region of the extraceliular domain of FeRHS%c. In
some embodunenis, the anti-FeRHS antibodiss binds [g-like domain 9 of FeRHS5:,

L. EXAMPLES

The following are examples of methods and compositions of the invention, It is understond that
various other embodiments may be practiced, given the general description provided above.
Moterialy and Methods

fmmunogen (K1 {-flag)

Amino acids T45-830 of human FeRFSe (SEQ 1D MO:1) were cloned into manwoalian
exprassion vestor pRES NT.Flag using standard protocols and sxpressed fransienily n CHO cells. The
recombinant protein with N-ermina! Flag-expression tag was purified using anti-flag and size
exclusion chromatography on an 8200 Superdex column,

Development and characterization of mouse anti-FeRHS Bl antibodies

Balb/c mice (Charles River, Hollister, CA) were imununized with 2 pg human FeRHS Bl BCD
protein {amine acid residuss 743-830 of SEQ 1D NO: 1) {Genentech, South San Francisce, CA) mixed
with MPLATOM (Ribi} adjuvant via fostpad injection. Mice received nine doses, followed by 2
prefusion boost in PBS alone vis fhotpad and IV routes three days prior to fusion.

Popliteal Ivimph nodes were harvested and lymphocoyies from these mice, all of whose sera
demonstrated strong bmding titers to the immunization protein by ELISA and showed strong FACS
reactivity to SV'T2 cells ransfected with the humen FeRHS Bl BCD, were fused with X63-Ag8.653
mouse myeloma cells (American Typs Culture Collection, Rockville, M) via slectrofusion {(Harvard
Apparatus, Holliston, MA). Fused cells were incobared at 37°C, 7% COs, overnight in Medium C
{StemCell Technologies, Yancouver, BC, Canada), before resuspension in semi-solid Medium T
(Btenell Technologies) containing 0.01 mg/ml FITT labeled anti-mouse 180 Jackson
InenunoResearch, West Urove, PAY and plating into Grondwell trays (Thermo Fisher Scientifie,
Rochester, NY). Nine days after plating, fluorsscent colonies were selected and transforred into 96-well
plates containing Medium E {StemCell Technologies) using a Clonepix FL (Genetix, Wew Milton,
Hampshire, UK}, Supernatants were soreened by ELISA againet anti-mouse 1g0 (MP Biomedicals,
Santa Ana, CA) seven days after picking,

Hybridomas demonsirating mouse IgQ expression by ELISA were expanded and screened by
FACS against 8Y T2 cells overexpressing full-length buman FoRHS, cyno FeRHS, and human FeRHS
E11 BCD. Strong FACS positive slongs were subclioned by single-cell sorting using & FACSAria (B,
Franklin Lakes, NJ}. Final ciones demonstrating the highest FLISA and FACS binding of intersst after
one or two rounds of subcloning were expanded for large-scale production in bloreactors (Integra
Biogciences, Chur, Switzerland}. Supematants were then purified by Protein A affinity chromatography

as previously described (Hongo ef of, 2000}
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Production of bisFubs

BisFaba were generated by crosslinking a Fab’ of the anti-FeRHS Mab 1o s Fab” of the anti-
C3 (UCHT.v9) Mab at the hinge cysteine residues. To generate the Fab’ 2 fragments from the
hwbridoms Abs differend digestion conditions were used: Abs of the migG1l lsotype were digested with
150 dw/iw) pepsin at pH 3.8 for 122 H at 37°C; mouse [g(32a Abs were digested with Lysin €
endopeptidase at T 1500 {w/w) ratio, pH &, for 2-4 hat 37°C; and mouse IgG2h Abs were digested
with Lysin C at a 1:100 {w/w) ratio overnight at 37°C. In all cases the F(ab™), fragment was isolated
from the reaction mixture by capture with & SP column and elution with 10 colomn volumes of a lineal
gradient {1-100%:;) of 1M sodium chloride. Under the digestion conditions mentioned above mig(G} and
migi2h produced g Flab™), fragment containing three Cysieine residuss in the hinge, while the Flab'y2
tfrom migGla showed two cysteine residues in the hinge. To generate Fab’® with a single reactive Cys
iwo different methods were used. For Sagments containing an odd (3) number of hinge cysteines
{mdg0l and migliZh) the iaolated Fab'is wers reduced in 25 mM sodium acetate, pH 5, 150 mb
sodium chloride, 2 mM BDTA, 7 mM TCEP for 2-6-H at RT. After the reduction step was complets,
the sample was diluted to 0.2 meg/ml, the pH was raised to 7.5 by adding Tris pH § and 5 mdd
deliydroaseorbic acid (DHAAY was added to drive re-oxidation of the cvsteines. After an overnight
incubation at room tempersture the prasence of reduced Thiols was evaluated by probing with an execess
of NEM and analvzing the MW shift by mass spectrometry. After confirming the presence of only one
rezctive Cysteine per molecule, the Fab’® was purified by gel filiration 0 remnove small amounis of
homodiers.

"or Fab™}2 fragments devived from mig(3Za and containing 2 Cysisine residues in the hinge, 2
single reactive Oysisine was produced by partial blocking with MN-cthyl maleimide {MEM) as described
im Scheer et al {in press). Briefly, the antibody was digested with pepsin (19 w/w) by treatment in
sodium acetate butfer at pif 4.5, After digeation for | hour, the F{ab’); was isolated from the digestion
mixtare by capture on an SP-HP cation exchange resin and purified by a 10 CV salt gradient of -1 M
MNaCl. The F(ab ) was then reduced with T mM TCEP in a buffer containing 25 mn MES, pH 58,2
mbd EDFTA, and 300 mM NaCl and the Fabs were oxidized by the addition of 5 oM dehydroacorbic
acid (DHAA) to reform the disulfide bond between the heavy chain and lght chain.

The effector arm of the bisfabs (UCHTL.v9) was generated by pepsin digestion, partial NEM
blocking and conjugation to bismaletmide as described before (Scheer of al; in press), Briefly, the two
thiols {eys residues) at the hinge were then rescied with | equivalend of N-sthyimaleimide (NEM)
{Sigma Aldrich). The different anti-FCRHS Fab's containing a single reactive Cysteine were incubated
with the anti-CD3 Faby’ conjugated o the bismaleimide crosslinker overnight at moom femperature. The
~100kDa crosslinked Fabs were separated from the unreacted species by gel filtration and then

characterized by SDS-PAGE, mass spectrometry and analytical size exclusion chromaiography.
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TR expression and purification

TDBs were produced by two different approaches: co-culture of bacteria expressing gach of the
two antibody arms or by expressing esch arm seoarately and then anneling them in vitro. The sirategies
have been described in Christoph Spisss et al. 2012 and described m PCT/USIN/SE9SE filed on 31 May
201 L Breifly for the coculiure strategy £, coff expressing anti-CH3 (hole} and Ecoli expressing
anti-tumor target {kuob) wers grown together in shaker flasks at & predetermined rato such that it
produced similar amounts o feach hemimer. The coouitured bacterial broth wag then harvested, the cells
disrupted in a microfluidizer and the antibodies purified by Protein A affinity. It has been obsgerved that
during microfuidizing and protein A capture the two arms annealed and formed the hing inter-chain
disulfide bridges {Christoph Spiess et al. 2012). Altematively, the antibody hemimers were grown
separately by high-cell density fermentation and independently isolated by Protein A chromatography.,
The purified hamimers wers than combined at a 111 molar raton and inclubated in 56 mM Tris, pH 3.5
i1 the presence of 2 mM DTT for 4 hours to allow annealing and the redusction of disuifides in the hing
region, DHalysis against the same buffer without DT fir 24-48 hours regulted in the formation of the
imter-chain disulfide bonds. For both production sirategies the bispecific antibody was purified from
contaminants by bydrophobic interaction chromatography (HIC} as described 1 Christoph Spiess &t
af. 2012, The resulting material was anatyzed for endotoxin levels using an Endosafe protabile etest
system and when needed, the endotoxin content was reduced by washing the protein with §.1%6 Triton
¥-114.

TDAB characterization

The molecular weight of the bispecific antibody was analyzed by mass spectrometry {1.C~
ESVTCE) as described before {Jackman et al. 2018}, The antibodies werg also analyzed by analytical
size exclusion chromatography in Zenix SEC-3060 columm (Sepax Technologies USA} using an Agilent
1:100 HPLC ayatem. The presence of residual antibody fragments was quantified by electrophorssis
using 2 2100 Bioanalyzer and a Protein 236 Chip.

Blood cell fractionation

PBMCs were separated from the blood of healthy volunteers using lymphoevie separation
mediom (MP biomedicals, Solon, OH). CDR+ cells were extracted from PRMC using hurnan COS+
{solation Kit from Milienyi (#130-094-156) by negative sglection.

fr vitro cytotoxicity assays (T cell killing)

For in vitro cytotoxicity asaays 1x} 0" target cells were plated on 96 well plates and incubated
overnight. 3x10% CD34 T-cells were added with or without TDR or BisFab and incubated 48 hours in
+37°C. T cells were removed by washing twice with growth media, Cell viability was measored using
CeliTiter-Glo® Luntoescent Cell Viability Assay {Promega, Madison, WI).

Altematively, in vitro cytotoxicity was monitored by flow cyiometry, Target cells were labeled
with carboxyf{luorescein succinimidy! ester ({CFSE) sccording to manufacturer’s protocol {Invitrogen,

#C34554), The CFSE -labeled target cells and purified CO8+ T cells from human PBMC were mixed in
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3:1 ECY ratio and incubated with TDB or BisFab for 458 hours, At the and of the incubation, the cells
were lifted by trypsin and coliscted from the plate. The cells were resuspended in equal volume of PBS
+ 2% FBS + 1 mM EDTA + propidivo odine (PD. Flow cytometry analysis was dons on a
FACSCslibur in automation format. The mumber of live target eells was counted by gating on
CFSEH/PI negative cells. The percentags of cyiotoricity was saloulated as follows: % oyvtoloxicly (live
target cell number w/n TDB — live target vell number w/TDB} / (Hve target cell number wio TDE) x
100,
Analysis of T cell activarion

Target cetls and purified D8+ T cells were mixed in the presence or absence of TUB and T
cell activation was analyzed by flow cytometry, At the end of the incubation, cells were stained with
CDS-FITC (BD Biosclences, 555634} and CD68-PE (BD Biosciences, 5535531},

Binding of subclone suparnatants, monoclonal antibodies, bisFabs and TDRs

To test binding to endogenously FoRHS expressing cancer cells or FeRHS trunsfected cancer
estls, cells were lifted using BDTA/PBS. 1x10° cells were suspended in 100 ul snd incubated h with
primary antibodies {1 volume of non-Ig( quantitated subclone supernatant, 4 ug/mi 1gG guantifiad
subclong supematant or Zughul purified monoclonal antibodies). Cells were washed twice with FACS
buffer (PBS 194B8A 2oM EDTA) and incobated with 1:1000 dilution of goat anti-roouse secondary
labeled with PE or 11104 of goat anti-mouse APC. Cells were washed twice with FADS butfer and
Flow cytometry analysis was done on a FACSCalibur, Direct Xenon-labeting of antibodies was done
according to manofacturar’s protocol {Ivitrogen), when indicated. To analyze binding to NK or B
cells, 1 million human PEMC were incubsted with 4 ug/ml 1gG quantified subclone supernatants for 60
min, washed and ncubated with 1:100 dilution of goat anti~mouse secondary labeled with APC. Cells
were then washed again twics and steined using anti-CD36 (PE; BD Biosciences #555516) and anti-
CD19 (PE: BD Biosciences #340364) pricr flow cytometry and analysis of hinding to human CDS6+
and CD8+ pells,
Resnliz

Initially 1o produse isofirrm specific antibodies for the membrune proximal Ig-domain, mice
were imununized with recombinant baculovirus produced B protein {amino acids 745-848 of SEQ ID
MO of human FeRHSc and Ciorminal His-expression tag). This immunization strategy did not result
o significant immune response (o FoRHS and failed o produce monoclonal anti-FeRHS antibodiss.
The second inununization strategy was DNA-Immunization with plasioid encoding amine acids 745-
977 of FeRHSc (SE D N1} encoding mermbrane proximal Ig-domain, ransmembrans domain and
intracellolar domains of humao FelRHS, This imemundzation strategy did not result to significant
immune response to FeRHS and failed (o produce monecionsl anti-FCRHS antibodies, The third
immunization strategy utilized peptides corresponding to membrane proximal Ig-domain of FeRHS,

that were homologous to cyno FeRHS and non-homologous 1o human FeRB, FeRHF2, FeRH3, and
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FeRH4, Thiz inwnunization strategy did not resalt to significant mmmune response to FeRHS and failed
to produce monocional anti-FeRH3S antibodies.

For the fourth immunization strategy Eil protein was produced in CHO-cells consisting of the
membrane proximal Ig-domain of humean FeRIS (amine acid residues 745-850 of SEQ ID NG with
Netarminal Flag expression tag. The above recombinant protein was used to immunize mice,
Irununization, development and characterization of mouse anti-FeRIS B antibodies was performed
as described in detail above.

After § doses of the recombinant E11 {amino acid residuss 745-850 of SEQ ID N1, serum
was analyzed for FelHS binding antibodies using FACS, Significant reactivity was defested to SVT2
cells that express human fall length FoRHS, syno full length FeRHS, or the human Bl domain
rransmembrane domain and oyvtoplasmic domains but not vector transfected VT2 cells indicating thas
FoRHS reactive antibodics were present in the sera of all § immunized mice,

After 8 doses, lymphocyies from the inuounized mice were electrofused with X63-Ag8.633
matse myeloma cells, 323 1gG positive fybridoma subclones were selacted for further sereening,
Clonse wers tested for binding to recombinant B protein (aming soid residuss 745-830 of 8EQ D
MO by ELISA (not shown) and binding to §VT2 celis that express human full length FeRHS, cyno
full length FoRHS or hmman Bl domain transmembrane domain and eytoplasmic domains of FeRHS
by FACS. ‘A total of 26 clones were identified that bound o cells that express human FeRHS and cells
that express cyno FeRHS, indicative of cross-species resctivity {Table 2). Subclone supernatants were
further characterized for binding to A} multipls mysloma cells transfected with humnan FeBRHS, B} cells
that express human FeRHS endogenoushy (MOLP-? mveloma cells, peripheral buman CDI18+ Becelle
from healthy donors), O) SVT2 cells transfected to express human FeRI L, FeRH2, FeRH3 or FoRIM,
) 293 cells that express truncated version of hurman FeRHS (lacking 4 Ig-domains including Bi1;
arning acids 464-850 of SECG ID NG:1) and B} NK-cells. In addition, binding of supematants to solubie

FeRH3a was analyzed by ELISA. Based on these analysis monoclonal antibodies were selected for

purification.

Table 2.

Sample | SYT2-huFeRHS | SVTI-cyFcRHS | SYT2-huEll
188 et ++ 4
448 R R ++
THIL | e et +
468 i + +
4134 + + +
108 b ++ +
ICIG | bt I +
344 i - 4
G132 b 4 +
333 b + it
IF4 e + +
3FiQ +t + bt
1G7 A -+ ++
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iz . + e
H4 e ek +
SH9 ++ Y .
3CS e e T
2010 + + ek
SB12 ++ + et
iH2 + + +
SF1 ++ e e
M7 +4 P e

g

(¥4

Figure 2 shows the dose-range of binding of five purified E11 antbodies, non-isoform selective
anti-FeRHS antibody 10A8 {which binds {g-like domains 4-5 of FeRHSe) and a control antibody
specific to the N-terminal gli-tag to the SVY'T2 cells expressing either human FeRHS (Figure 2ZAS or
cyno FeRHS (Figure 2B). Acdibodiss in this assay were divectly labeled with APC-fhuorophorg
acnording to manufactirer’s protosol {Invitrogen 225051, 225151, 225251). Binding of representative
Eif antibody SAIQ o bumen FoRHS transfected EIM (Figure 3A) and OFM2 {(Figure 38) multiple
myeioma cell lines was found to be similar or better compared previcusly described non-isoform
selestive FeRHS antibodics 10AS and 701 H{both bind Ig-like domains 4-5 of FeRHSc) (Elking ef i,
2012; Polson er af, 2006). MOLP-2 cells are one of the very few known multiple myeloma cell lines
that express low levels of FeRHS endogenousty. SATD, SF1L, 3G7 and 6022 subclone supernatants
stained MOLP-2 calis with intensity similar to 7011 (Figures 3C-F).

Two soparate tesis weore designed o address dependency of binding on the presence of
membrane proxieal lg-domain 9 {E11). First » truncated hursan FeRHSe mutant was generated that
iacks Ig-domains 6-9 (amino acids 464-850 of SEQ 1D NGO including the expected binding site for
the antibodies dertved from Bl immunization, This constract with N-terming! gld-tag was expressed in
293 colls and subjected 1o 2.3 ug/mi subclone supernatants followed by PE lgbeled poat anti-mouse
secondary anttbody (11000 dilution). None of the tested subclones hound to 293 celis that express the
troncated human FeRHSc (Figurs 4A). In contrast binding was detected to 293 cells that express wild
type human FeRBES5c. Binding of g or non-izoforn selective antithady clone {10A8) was not abored by
the omtation. This result demonstrates that binding site of the B ] antihodies was inchided in Ig-
domaing 6-9.

Isoform selectivity was further demonstrated by testing binding 1o the soluble FoRHSa isoform.
For this, 293 cells were transfected to express the soluble isoform with C-termainal HiS-expression tag.
Expression of FeRHSa protein was confirmed with Western blot analysis using anti-FIS antibody. A 63

kT band was delected in conditioned media from FoRFS5a but not vector transfested cells (not shown).
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For the ELISA, plates were costed with anti-HIS capture antibody and lncubated Thour with 1:10
dituted conditioned media inchuding the Hi%-tagged soluble FoRHSa isoform. The F11 monockonal
antibodies wers used for deteetion in 1 - $.001 ug/mi concentration, ncubated for 1 hour followed by
incubation with goat anti-mouse HRP antibody and finally with TMB-substrate. While clones 217 and
5410 demonstrate considerable reactivity 1o soluble FoRHS4, the other tested monocional antibodies do
not show any detectable binding (Figure SA}. This result confirme that the Ig-domain @ (El11}is
required for binding of the antibodies 1G7, 344, 3812, 3G7 and 5F1, and therefure thess antibodies are
selective for full the length FeRHS isoform (FeRHS),

FeRHS is expressed endogenously in B-cells (Hatzivassitiou e? af, 2001; Polson ef af |, 20063
To gvaluate binding of subclone supematants 1o B-cells, PRMCs were extracted from the blood of
healthy donors, 1 million human PBMC were incubated with 4 ug/ml subclone supematants for 60 min,
washed and incubated with 1:100 dilution of goat anti-mouse secondary labeled with APC. Cells wers
then washed again twice and stained PE-labeled anti-CD 9 (B Biosciences #340364) prior flow
cytometry and analysis of binding to CDH 9+ cells. Most of the supomatants induced 2 signifieant shift
i the APC signal in CDI9+ cells {Figare 5B) over the controls (no primary antibody, anti-gD)
indicative of binding 1o B cslls.

Fe receptor homolog (FeRH) family molecules have a high degree of homology 1o one anather
{Miller ¢ 0/, 2002}, The homology Is especially high between the membrane proximal domains, which
the E11 antibodies target (Miller er o/, 2002). To investigate the cross reactivity to family members,
FeRHI, FeBH2, FeRH3 and FeBRH4 (all including an N-terminal gD-expression tag) were expressed in
SVT2 cells and cells were stained with subclone supernatants and goat anti-mouse-PE secondary
antibody. Expression of the transfected FeRH was confirmed by a signal from anti-gDd antibody in all
cell lines. MNone of the supematants bound significanity to FoRH2 expressing cells as compared to
staining with the gl antibody {(Figure 68). 1B8, 1H11, 3C1ID, 448 and 602 demonstrated a low level of
binding to FoRH1 (Figure 64A) and 1F4 bound to FoRH4 (Figurs 610, Overall, the signals from FeRH3-
expressing 3VT2 cells were low, including the gD control sntibody, indicative of low expression level,
Low level of binding to FeRHM3-expressing SVT2 cells was detected for 1F4 and 4HB supernatants
(Figure 6C).

Since the overall signal in the FoREH3-expressing SYT2 cells was low, further testing was done
using FBMCs from healthy donors, PBMCs were siained as described above, bt instead of CDY,
CE56 (B Biosciences #555516) was ussd to gate the fovestigated cell population to NK cells, NK-
cells express endogenously FeRH3 (Polson er o, 2006), and as expecied, wers stained by a previously
described monocional anti-FeRH3 antibody (Polson ef of, 20063, FeRH expression was also detected
in CE56+ cells, but none of the E11 subclone supernatants significantly stained the NK cells Figure 7)
demonstrating lack of cross reactivity o endogenously expressed FeRE3.

The cross reactivity of the family members were re-tested using the identical protocs! dseribed

above in $YT2 cells but using fresh reagents and re-transfecting §V172 cells with FeRH1, FeRHZ,
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FeRH3, and FeRH4. Re-testing the purified antibodies as described above resulted in significandy
different resulis than the first series of experiments, These updated resulte are summarized in Table 4,
Rather than showing Hitle {0 no cross-reactivity with other FeRH family members, all but one antibody
{137} showed significant binding to both FcRHS and st least one or more other family members.
Without being bound by theory, this aroount of sntibody cross-reactivity is what would be expecied,
given the sequence similarity of the last Ig-like domain in the varous FoRH family members,

CU8+ T cells are among the most potent inunune effector cells, The activity of T cells can be
recruited to kill mmor cells by using bispecific antibodiss {or antibody fragments) that shmultanesusly
bind both T ceH and a mumor antigen. The dual binding can lead 1o a polyclonal activation of T cells and
speciiic killing of timor antigen expressing cells (v er g/, 1983; Shalaby ef al, 1992}, Several tumor
targets and several bispecific antibody platforms have demonstrated general flexibility and preciinical
feasibility for this approach, Importantly, prommising elinical activity has been demonstrated with a
D18 argeting, T cell activating bispecific seFv antibody fragment blinanioomab (MT103;
MicroMet), Treatment with doses as low as 60 ug/m’dey resulis in profonged responses in clinical
trials for trsatment of relapsed non-Hodgkin’s byraphoma and acule bymphoblastic leukemia (Bargou e
ad., 2008; Dreter ef gl 2002)

The ability of the FcRIS anttbodies to activate T cell and mediate killing in bispecific antibody
tormat was investigated by generating bispecific bisFab molescules, In short, these bispecific molecules
are generated by proteolytical cleavage of the antibody, followed by reduction, re-oxidation reactions
and conjugation of Fab-fragments using bis-malearmide {Scheer ef f, 2012b and as desoribed above),
Anti-CD3 antibody clone UCHT! binds w Inmman CD3 that incorporates o T cell receptor. UCHTL.vE
has previously been shown to be efficient T cell hinding arm (Junttila ef al, 2012 and as described
above; Zhu er gf , 1995) and therefore was used to the FeRES bisFabs. Nine anti-FeRHES antibody
clones {1G7, 3HT, 347, 3A10, 5F1, 602, 38172, 3C10, 3F10) from the Bl | immunization were chosen
for the target arm and conjugaied with UCHT v {0 result in CD3-FeRHS bispecific bisFab molecules.

In addition to bisFab molecules, also full length bispecific antibodies (T cell dependent
bispecific antibodiss; TDBs) were produced using knobs-into-holes technology (Merchant ef af, 1998),
which reties on a pair of complementary enginecred Fo regions that deive heterodimerization of
gntibody hemimers, As in the case of bisFabs, the UCHT1 . v9 {(Zhu ef al, 1995) was used as the anti-
{33 ¢hiole). For the target arm (knob), antibody clones from the FeRHS Bl f-immunization, 2 non-
isoform selective anti-FeRHS clone (10A8) (Elkins er af, 2012} or anti-HERZ clone 4135 Grastuzumab)
{Carter e gf,, 1992) were used. Generation and purification of the TDBs hag been described in detail
{Junttila ¢f al., 2012; Scheer e ¢l 20125 and as described sbove),

The ability of the bispecific molecules to mediate killing of FeRHS wansfecied 293 target cells
was investigated by incubating the targets with CDE+ T cells {effecior cells) for 48 hours and
rogasuring the killing activity using Cell Titer Glo assay or FACS killing assay {assays described

above}. All nine bisFabs that incorporated an ant-FeRHFS Bl target arm were efficient in mediating
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target cell kitling (FIG. 8A-B). Killing activity was detected as low a8 1-10 ng/ml concentrations and
satarated at 10-100 ng/mi concentration. Maxiroal klling activity exceeded 80% for most of the clones.
The killing activity was stmilar compared to the HERZ-TDB (FIG. 8A-B). Human HERZ is expressed
in the 293 cells on low level {data not shown). In contrast, killing activity far exeeeded the non-isoform
selective FeRHS-TDE (10AR), which was capable in killing only approsimately 20% of the targets
{FIG. BA-B). Similar robust activity was detected using a full length TDB format incorporating 2H7,
3G7 and 5AT0 FoRHS-E11 clones as target arms (FIG. 8C-D). No significant difference was detscted
berwean T8 and bisFab versions of 2H7 and 3G7 indicating thet Fe 5 neither necessary for the
aotivity nor inhibitory for the killing activity. FoRHS bisFabs and 84l length TDYBs incorporating 2H7
and 3037 as target arm were also able to efficiently mediate killing of MOLP2 cells, which express
endogenousky low levels of FoRHS (FIG. 9A). T cell astivation was followed in the reactions
measuring the proporiion of D&+ cells that express CD6S on the cell membrane. T celi activation
corresponded the killing activity and was similar for both hisFabs and TDBs (FIG. 9B). A swomary of

the results are shown it Table 3.
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Variable Light Chain Domain

W81

OV MTGSORFMSTSLGDRVEVTORASONVITNY AWYROKPGOSPRALIVSASYRYSGVPDRFTGSGSGTDFTLTISN
YOSEBLAEYFCOOQYTNYPMWTFGGGTRLEIKRTVA {SEQ 1D NO:110)

1G7.2
DNMTOSHIMSTSVG DRVSITCRASQ VIRV WRQOKPGASPNLLYSASYRYTGVPDRFTGRGSGTRFTFTISSY
CACDLAVYYCOOHYSSPYTFGOGGTHLEIKRTVAA (SEQID NO:11)

2H7.3

EVETOEPATLSVTPGDEYSLSURASON I RNNLHWY QUK SHES PRLLIKFTSOSISGIPS RFTGSGS GTDFTLSINGVETE
DFGMYFCQOSNNWPQYTFOGGTHLEIKRTVAA {SEQ 1D NO:114)

344.3

DI MTQSPATLSVTPGRSVILSCRASOSISNNLHWY QUK SHESPRULIKFASO SIS GIPSRFSGSGSGTDRTLSINSVETE
DFGMYFCOOSNNWPOQYTFGGGTHLELKRTVAA (SEQ 1D NO:118)

3B12.4.1

DI MTOSPASLEASYGETVTITCRASENIYSNLAWYQLKQGKSPOLLVYGAANLAEGVPSRISGSGSGTOYSLKINSLO
SERFGTYYCORPWGIPWTFGOGTKLEIKRTVAA {SEQ 1D NG:118}

010
DHIMTOTPLSLPVTLGDOASISCRSSGSLVHRNGNTYLHWYLOKPGOSPRKLLIYRYSNRFSGYPDRFSGSGSGTDFTL
KISRVEAEDLGVYFCSOSTHVPPTRFGGGTRKLELKRTVAA (SEQ 10 NO:120)

IFL0
DEVMTOSPASLSASVGETVTITCRASENIYSNLAWYQLKAGKSPOLLVYGAANLAEGVPSRISGSGEGTOYSLKINSLG
SEBFGTYYCOHFWGIPWTFGGGTRLEIKRTVAA {SEQ 1D ND:122)

3G3
DIVMTOSPASLIASYGETYTITCRASENIYSHEAWYCLKGGKSPQLLVYGAANLAEGYPSRISGSGSGTOYSLKINGLY
SEDFGTYYCOHFWGIPWTRFGG GTKLEIKRTVAA (SEQID NO124)

3G7.1.5
DIVLIGSPATLEVTLGGSVSLSCRASCRISNNLHWYGOKSHESPRLLIKFASGSISGIPSRIRGSGSGTDFTLTINSVETED
FGIVFCQOSNNWPQYTFGGOTKLELKRTVAAR {SEQ 1D NO:126)

5410.1.3

DIVLTOSPANLIVIPGREVSLECRASONIRNNIHWY QO KSQESPRULIKFASGSMSGTPSRITGRGSGTOFTLTINTVE
TERFGMYFCOOSNNWPOYTFGGGTKLEKRTVAA {SECQ 1D NE:12E)

3F1.15
OAVVTOESALTTSPGETVILTCRSSTGTVT ISNFANWYOEKPDHLFTGLIGETSNRAPGVPARFSGSLIGDRAALTIT
GAQTEDEANYFOVIWOSNUWVIGGGTIATVEGRPEAA (SEQ D NG:13D)

807
DIVMTOSHKFMSTSVEDRYSITCRASO VG TAVAWYQGKPGOS PILLIFWPSTRHTGY PDRFTGSGSGTRFTLTIG
NYQSEDLADYFOQOFSSLPHTIGGG TILEIKRTVAA {SEQ 1D NO:133)

1g¥

OIVMTOSHKIMSTSVGDRVSITCRKASQDVENIVYWERQOKPGOS PNLUIYSASYRY TGV PDRFTESGSGTOFTFTISSY
QAEDHLAVYYCQOHYSIPYTRGGGTKLEK {SEQ 18 NO:134)
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Variahle Heavy Chain Domain
1C8L

EVOLOOSGRELVRPGASMKISCEASGYSFTAYIMNWVYKOSRGKNLEWIGLINPYNGETTYNOKFKGRATLTVINSSS
TAYMELLSLTSEDSAVYFCARGLYWFPYWORQGTLVTVEAASTKGPSVERLAP {SEQ 1D NO: 111}

167.4

EVQLQESGPGLVOPSOSLAITCTVRGRELTRFGVHWYROSPGKGLEWLGVIWRGGSTDYNAAFMERLTITKDNSKS
QVFFKLNSLEVDDTAVYCSNHYYGSSDYALDNWOOGTSVTVSSASTKGRSVIPLAR {SEQ 1D NO:113)

IHT.3
EVQLOOOSGPELWKPGASVEMSCKASGYTFTDYYMEKWVKO THGKSLEWIGEHNPNNGETFYSOKFKGKATLTVDKS
STTAYMOLNSLTSEDSAVYYCARGLYRFOYWGQGTTLIVESASTRKGPSVIPLAP [SEQ 1D NOILS)

3443

EVOLOOSGPELVRSGASVEMSCKASGYTRTDYY MKWV KOSHGKSLEWIGDINPYNGETFYNQRKLKGKATLTVDKSS
NTVFMOLNSLTSEDSZAVYYCARGLYFFAYWOQGTTLTVSSASTKGPSVEPLAP [SEQ 1D NO:1LT)

3B12.1.3

EVQLOQSGPELVKPGASVIISCKTSGYTFTEY TIHW VG SHGKSLERIGG INPNMDAVSYNORFRGKATLTVDNGSST
AYMELRSLTSEDSAVYYCARLGRGYYFDYWGQGTTUTVESASTEGPSVRPLAP {SEQ 1D NGHILS)

3C10
QVOLOOPGAELVRPGASVKICKTSGY TRSYWINWVKORPGOGLEWIGNIVPSDSYTNYNGRFKDKATLTVITSSS
TAYMOLTSPTSEDSAVYYCTRSLYGYDASYFOYWGOGTTLTVESASTHGPEVERLAR (SEQ 1D NG:121)

3FL0
OVALOQSGPELVKPGASVIISCKTSGYTFTEVTIHWYKOQSHGKSLERIGGINPRNDAISYNOKFRGRATLTVIKSSSTA
YRAELRSLTSEDSAVYYCAKLGRGYYFRVWGRGTTLTVSSASTRKGPSVIPLAP {SEQ 1D NO:123)

EVOLQGSGPELVKPGASVKISCKTSGYTETEY TIHWYKOSHGKSLERIGGINPRNDAISYNOKFRGRATLTVDKSSSTA
YMELRSLTSEDSAVYYCAKLGRGYYFRYWERGTTLTVSSASTKGRSVEPLAP {SEQ 1D NQ:125)

337.1.5

EVQLOGSGPELVKPGASVKMSTKASGYTFTDYYMKCWVRQNHGKRLEWIGDINPYNGRTFYNOKFKDKATLTVIKS
SSTAYMOFNSLTSEDSAVYYCARGLYFFHYWGOGTTLTVESASTHGPSVERLAP (SEQ D NO:127)

5A18.1.3
EVOLOOSGPELWEPGASVKMECKASGYTHFTDYYMKWVROSHGKSLEWIG DINPRNGE TFYROKFRKGRATLIVDKS
TETAYMELNSLTTEDSAVYYCARGLYRFRDYWGOGTTLIVSSAASTRKGRIVFPLAP (SED 1D ND:129)

3F1.1.5
GVOLOQSGADLY RPGTSVKVSCKASGYAFTNYLIEWVKQRPGOGLEWIGVINPGSGETNYNEKFRGRATLTADKSS
STAYMOLSELTEDDSAVYFCARTRNYGYVIDYWGQGTTLTVSSASTKGPSVERLAP [SEQ 1D NOUI3L)

02

QVRLOOSGPELVKPGASYIISCKASGREFT AYFRMNWVKQSHGKS PEWIGRINPYNGETFFNONFKDKATLTVDKSS
NTAHMELLSLTSDOSAVYYCGRGLYYLNYWGOGTTLTVISASTKGPSVIPLAP (SEQ 1D NCG:133)

G¥

QVOLKQSGPGLYORSOSLMTOTYRGRSLTRFGYHWYRQSPGKGLEWLGVIWRGGESTOYNAAFMERLTITHDNSKS
QVFFKLNSLIVDRTANYOSNHYYGSS DY ALDNWGRGISVTVSS {(SEQ 1D NG:135)
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FeRHSe

MLLWVILLVLAPVSGOFARTPRPIFLOPPWTTVEQGERVTLTCKGFRFYSPOKTEWYHRYLG
KEILRETPDNILEVOESGEYRUOQAQGSPLISPFVHLDESSASLILOQAPLSVEFEGDSVVLRCRARKAE
VTLNNTIVENDNYLAFLNERTDFHIPHACLEDNGAYRCTOYKESCCPYVSSNTVKIQVQEFFTR
PYLRASSFOPISGNPVTLICETOLSLERSDVPLRFRFFRDDOTLGLGWISLSPNFOITAMWEKDS
GEFYWCRKAATMPYSVISDEPRSWIQVOQIPASHPVLTLSPERALNFEGTEVTLHCETOEDSLRTL
YRFYHEGVPLRERKSVRUERGASISFSLTTENSGNY YCTADNGLGAKPSKAVELSVTIVPVSHPY
LNLSSPEDLIFEGAKVTLHCEAQRGSLPILYQFHHEGAALERRSANSAGGVAISFSLTAEHSGN
YYCTADNGEGPORSKAVELSVIVEVEHPYVLTLSSAEALTFEGATY TLHCEVORGSPQILYQFY
HEDMPLWSSSTPSVGRVSFRFSLTEGHSGNYYCTADNGFGPORSEVY SLEVTVPVSRPILTLRY
FRAQAVVGDLLELHCEAPRGSPPILYWFYHEDVTLGSSSAPSGGEASFNLEL TAEHSGMNYSCE
ANNGLVACGHSDTISLEVIVPEVERPILTFRAPRAQAVVGDLLELHCEAL RGESPILYWEFYHEDVT
LGKISAPSOGOGASFNLILTTEHSGIVSCEADNGLEAQRSEMVTLRVAVPYSRFVLTLRAPGTH
AAVOGDLLELHCEALRGSPUILYRFFHEDVTLONRSSPSGGASLNLSLTABHSGNY SCEADNGL
GAQRSETVTLYITGLTANRSGPFATGVAGGLLSIAGLAAGALLLYCWLARK AGRKPASDIPARS
PEDSDSOEPTYHNVPAWEEL PVY TNANPRGENV VY SEVRIQEKKEHAVASDPRHILRNKGS
PITYSEVRKYASTPVEGELFLASSAPHR (SEQ ID NG
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What is Claimed is:

1. An isolated anti-FCRH5 antibody that specifically binds an isoform c-specific region of the
extracellular domain of FCRH5¢ shown as amino acids 745-850 of SEQ ID NO:1, wherein the antibody

does not significantly bind another Ig-like domain of FCRH5.

2. The antibody of claim 1, wherein the anti-FcRH5 antibody comprises: a) a heavy chain
comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:38, an HVR-H2 comprising
the amino acid sequence of SEQ ID NO:62, and an HVR-H3 comprising the amino acid sequence of SEQ
ID NO:86; and b) a light chain comprising an HVR-L1 comprising the amino acid sequence of SEQ ID
NO:2, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:14, and an HVR-L3 comprising the
amino acid sequence of SEQ ID NO:26.

3. The anti-FCRH5 antibody of claim 2, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:50, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:74, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:98.

4, The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:39, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:63, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:87; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:3, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:15, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:27.

5. The anti-FCRH5 antibody of claim 4, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:51, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:75, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:99.

6. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:40, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:64, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:88; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:4, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:16, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:28.

7. The anti-FCRH5 antibody of claim 6, wherein the heavy chain comprises an HVR-H1 comprising

the amino acid sequence of SEQ ID NO:52, an HVR-H2 comprising the amino acid sequence of SEQ ID

NO:76, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:100.
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8. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:41, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:65, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:89; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:5, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:17, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:29.

9. The anti-FCRH5 antibody of claim 8, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:53, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:77, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:101.

10. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:42, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:66, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:90; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:6, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:18, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:30.

11. The anti-FCRH5 antibody of claim 10, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:54, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:78, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:102.

12. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:43, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:67, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:91; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:7, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:19, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:31.

13. The anti-FcCRHS5 antibody of claim 12, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:55, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:79, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:103.

14. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:44, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:68, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:92; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:8, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:20, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:32.
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15. The anti-FCRH5 antibody of claim 14, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:56, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:80, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:104.

16. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:45, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:69, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:93; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:9, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:21, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:33.

17. The anti-FCRH5 antibody of claim 16, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:57, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:81, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:105.

18. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:46, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:70, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:94; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:10, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:22, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:34.

19. The anti-FCRH5 antibody of claim 18, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:58, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:82, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:1086.

20. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:47, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:71, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:95; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:11, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:23, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:35.

21. The anti-FCRH5 antibody of claim 20, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:59, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:83, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:107.

22. The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:48, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:72, and an HVR-H3 comprising the amino acid
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sequence of SEQ ID NO:96; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:12, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:24, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:36.

23. The anti-FCRH5 antibody of claim 22, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:60, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:84, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:108.

24, The anti-FCRH5 antibody of claim 1, wherein the anti-FCRH5 antibody comprises: a) a heavy
chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NO:49, an HVR-H2
comprising the amino acid sequence of SEQ ID NO:73, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:97; and b) a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:13, an HVR-L2 comprising the amino acid sequence of SEQ ID NO:25, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:37.

25. The anti-FCRH5 antibody of claim 24, wherein the heavy chain comprises an HVR-H1 comprising
the amino acid sequence of SEQ ID NO:61, an HVR-H2 comprising the amino acid sequence of SEQ ID
NO:85, and an HVR-H3 comprising the amino acid sequence of SEQ ID NO:1089.

26. The anti-FCRH5 antibody of any one of claims 1-25, wherein the anti-FCRH5 antibody comprises:

a) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:111 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:110;

b) a VH sequence having at least 95% sequence identity {o the full length of the amino acid
sequence of SEQ ID NO:113 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:112;

¢) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:115 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:114;

d) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:117 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:116;

e) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:119 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:118;

f) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:121 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:120;
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g) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:123 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:122;

h) a VH sequence having at least 95% sequence identity {o the full length of the amino acid
sequence of SEQ ID NO:125 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:124;

i) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:127 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:126;

j) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:129 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:128;

k) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:131 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:130;

1) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:133 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:132; or

m) a VH sequence having at least 95% sequence identity to the full length of the amino acid
sequence of SEQ ID NO:135 and a VL sequence having at least 95% sequence identity to the full length
of the amino acid sequence of SEQ ID NO:134.

27. The anti-FCRH5 antibody of any one of claims 1-26, wherein the anti-FCRH5 antibody comprises:
a) a VH sequence of SEQ ID NO:111 and a VL sequence of SEQ ID NO:110;
b) a VH sequence of SEQ ID NO:113 and a VL sequence of SEQ ID NO:112;
¢) a VH sequence of SEQ ID NO:115 and a VL sequence of SEQ ID NO:114;
d) a VH sequence of SEQ ID NO:117 and a VL sequence of SEQ ID NO:116;
e) a VH sequence of SEQ ID NO:119 and a VL sequence of SEQ ID NO:118;
f) a VH sequence of SEQ ID NO:121 and a VL sequence of SEQ ID NO:120;
g) a VH sequence of SEQ ID NO:123 and a VL sequence of SEQ ID NO:122;
h) a VH sequence of SEQ ID NO:125 and a VL sequence of SEQ ID NO:124;

i) a VH sequence of SEQ ID NO:127 and a VL sequence of SEQ ID NO:126;

j) a VH sequence of SEQ ID NO:129 and a VL sequence of SEQ ID NO:128;

k) a VH sequence of SEQ ID NO:131 and a VL sequence of SEQ ID NO:130;

[} a VH sequence of SEQ ID NO:133 and a VL sequence of SEQ ID NO:132; or
m) a VH sequence of SEQ ID NO:135 and a VL sequence of SEQ ID NO:134.
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28. The anti-FCRH5 antibody of any one of claims 1-27, wherein the anti-FCRH5 antibody is a

monoclonal antibody.

29. The anti-FCRH5 antibody of any one of claims 1-28, wherein the anti-FCRH5 antibody is a human,

humanized, or chimeric antibody.

30. The anti-FCRH5 antibody of any one of claims 1-29, wherein the anti-FCRH5 antibody is an
antibody fragment that binds FCRH5.

31. The anti-FCRH5 antibody of any one of claims 1-30, wherein the anti-FCRH5 antibody is an IgG1,
IgG2a, or IgG2b antibody.

32. The anti-FCRH5 antibody of any one of claims 1-31, wherein the anti-FCRH5 antibody has one or
more of the following characteristics: a) cross-reactive with full-length human and cyno FCRHS5, b) does
not cross-react with FCRH1, FcRH2, FcRH3, and/or FcRH4, ¢) binds to endogenous FCcRHS5, d) does not
cross-react with FCRH5a, and/or €) is conjugated to a label, optionally wherein the label is a positron

emitter, optionally wherein the positron emitter is 8°Zr.

33. The anti-FcRH5 antibody of any one of claims 1-32, wherein the anti-FCRH5 antibody is a
bispecific antibody.

34. The anti-FCRH5 antibody of claim 33, wherein the bispecific antibody binds FcRH5 and CD3.

35. An isolated nucleic acid encoding the anti-FcRH5 antibody of any one of claims 1-31.
36. A host cell comprising the nucleic acid of claim 35.
37. A method of producing an anti-FcRH5 antibody comprising culturing the host cell of claim 36 so

that the anti-FcRH5 antibody is produced.

38. A pharmaceutical formulation comprising the anti-FcRH5 antibody of any one of claims 1-34 and

a pharmaceutically acceptable carrier.
39. The pharmaceutical formulation of claim 38, further comprising an additional therapeutic agent.

40. Use of an effective amount of the anti-FCRHS antibody of claim 34 in the manufacture of a

medicament for treating an individual having an FCRH5-positive cancer.

41, The use of claim 40, wherein the FCRH5-positive cancer is a B-cell proliferative disorder.

42. The use of claim 40 or 41, wherein the medicament is formulated for use with an additional

therapeutic agent.
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43, Use of the anti-FcCRH5 antibody of claim 34 in the manufacture of a medicament for inhibiting
proliferation of an FCRH5-positive cell, wherein the FcRH5-positive cell is exposed to the anti-FCRH5
antibody under conditions permissive for binding of the anti-FCRH5 antibody to FCRHS on the surface of
the cell, thereby inhibiting proliferation of the cell.

44. The use of claim 43, wherein the cell is a B-cell.

45, An in vitro method of detecting human FCRHS5 in a biological sample comprising contacting the
biological sample with the anti-FcRH5 antibody of any one of claims 1-34 under conditions permissive for
binding of the anti-FCRH5 antibody o a naturally occurring human FcRH5, and detecting whether a
complex is formed between the anti-FCRH5 antibody and a naturally occurring human FcRHS5 in the

biological sample.
46. The method of claim 45, wherein the biological sample is a blood sample.

47. Use of a labeled anti-FCRH5 antibody in the manufacture of a medicament for detecting an
FcRH5-positive cancer in a subject having or suspected of having an FCRH5-positive cancer, wherein the
labeled anti-FcRH5 antibody comprises the anti-FCRHS antibody of any one of claims 1-34, and wherein
detection of the labeled anti-FcRHS antibody indicates a FCRH5-positive cancer in the subject.

48. The use of claim 47, wherein the labeled anti-FCRH5 antibody comprises an anti-FCRH5 antibody

conjugated to a positron emitter.
49. The use of claim 48, wherein the positron emitter is 892Zr.

50. The anti-FCRH5 antibody of claim 34 for use in treating an individual having an FCRH5-positive

cancer.

51. The anti-FCRH5 antibody of claim 50, wherein the FCRH5-positive cancer is a B-cell proliferative
disorder.

52. The anti-FCRH5 antibody of claim 50 or 51, wherein the anti-FcCRH5 antibody is formulated for
use with an additional therapeutic agent.

53. The anti-FcRHS5 antibody of claim 34 for use in inhibiting proliferation of an FCRH5-positive cell,

wherein the FCRH5-positive cell is exposed to the anti-FCRH5 antibody under conditions permissive for

binding of the anti-FCRH5 antibody to FCRH5 on the surface of the cell, thereby inhibiting proliferation of
the cell.

54. The anti-FCRH5 antibody of claim 53, wherein the cell is a B-cell.
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55. A labeled anti-FcRHS5 antibody for use in detecting an FCRH5-positive cancer in a subject having
or suspected of having an FCRH5-positive cancer, wherein the labeled anti-FCRH5 antibody comprises
the anti-FcRH5 antibody of any one of claims 1-34, and wherein detection of the labeled anti-FCRH5
antibody indicates a FCRH5-positive cancer in the subject.

56. The labeled anti-FCRH5 antibody of claim 55, wherein the labeled anti-FCRH5 antibody comprises

an anti-FcRH5 antibody conjugated to a positron emitter.

57. The labeled anti-FcRH5 antibody of claim 56, wherein the positron emitter is 8°Zr.
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