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ANTL-FUCRYS ANTIBODIES

HELATED APPLICATIONS
The present application claims benefit under 35 US.C. § 119 of LB, Provisional Patent
Application No, 61/8358,534, filed on June 24, 2013, the disclosure of which is herebyy incorporated by
reference n its entirety.
SEQUENCE LISTING
The instant epplication containg a Sequencs Listing in ASCH format and is hereby incorporated
by reference in ifs entirsty. The ASCH text file was created on June 8, 2014, is named GNE-

6413WD SL.txt and is 67,909 bytes in size.

FIELD OF THE INVENTION
Provided herein are anti-FeRHS antibodies {e g, hispecific antibodies} and immunocorjogates

and methods of using the same.

BACKGROUMD

The Fo receptor-like 5 (FcRLS, also known ss FeRHS and IRTAZ) belongs o 3 family of 6
recently Wdentified genes of the immunoglobulin superfamily (Jg8F). This family of genes is clossly
refated to the Fo receptors with the conserved genomie structure, extraceihilar Ig domain composition
and the ITIM- and ITAM-like signaling motifs {Davis BE e al., Bur J Bmmunod (200583 35:674-80).
Members of this family bave also been called IFGPs {from Ig super-family, FcR, gpd?) and SPAPs
{SH2 domain-containing phosphatases anchor proteins}. Six members of the FeRH/IRTA receptor
family have been described: FeRHIUJIRTAS, FeRHIART AL, FeRHYVIRTASZ, FeRHA/IRTAL,
FeRHSARTAZ and FeBRHMS (Polson AG ef al, My Immunol, (2006} 18(9):1363-1373), Al FeRH/IRTAs
contain some combination of canonical immaunoreceptor tyrosine-based inhibitory motifs and
fipenunreceptor tyrosing-bassed activation rootifs-like’ signaling motifs. The FeRH ¢DNAs sncode
type | transmembrane glycoproteins with multiple lg-like exiracellular domains and cvtoplasmic
domains containing consensus immunoreceptor tyrosine-based activating and/or inhibitory signaling
motits. The FeRH genes are struciurally related, and their protein products share 28-60% extracellular
identity with each other. They also share 153-31% identity with their closest FeR relatives. There s a
high degree of homology betwesn the different FeRHs.

The Hgand{s} for FeRHS are unknown, but FeRHS has been implicated in enhanced
proliferation and downstream isotype expression during the development of antigen-primed B-celis
{Dement-Brown L et gl JLevkoo Biol {2012) 913967}, The FeRHS locus has three major mBNA
isoforms (FeRH3a, FoRMSb, and FeRH35¢) The major FoRHS protein isoforma encoded by these

transcripls share a common amino acid sequence until residus 560, featuring a common signal peptide
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and six extracetiular Ig-like domains. FeR¥S5a represents 8 759 amdno acid secreted glycoproiein with
gight lg-like domains followed by 13 unigue, predominantly polar amine agids at 1is C-terminus.
FeRHSb diverges from FoRHSa at amine acid residus 360 and extends for a short stretch of 32
sdditional residues, whose hydrophobicity is compatible with iis docking 1o the plasma membranevia a
GPT anchor, FeRH 3¢ is the longest isoform whose sequencs deviates from FoRH3z at amine acid 746,
FeRHSc encodes a 977 as type | transmembrane glycoprotein with nine exiracellular Ig-ivpe domains,
karboring sight potential N-linked glveosyiation sites, 8 23 amino scid {ransmembrane, and a 104
amine acid cytoplasmic domain with thres consensus SH2 binding motifs with the [TIM consensus,

The FeRH genes are clustered together in the midst of the classical FoR genes, FovRi, FoyRiY,
FoyRIH, and FeeRY, in the 192123 region of chromosome 1. This region containg | of the most
frequent secondary chromoesomal sbnormalities associated with malignant phenotype in hematopoistic
tumors, especially in muhiple myeloma (Hatzivassiliou Gues @f, Inmemizy (2001) 14237789}, FeRHS ia
expressed only in the B-cell linsage, starting as early as pre-B-cells, but doss not attaim full expression
unill the meture B-cell stage. Unlike raost knownother B-cellospecific surface proteins {ea.g., TD20,
1319, and CD22), FeRHS continues to be expressed in plasma cells whereas other B-cell-specific
markers are downregulated {(Polson AG ef af, 8 fmmuna! (2006} 18:1363-73). In addition, FcRHS
mRMNA is overexpressed in mubtiple myzloma cell lines with 121 abnormalities as dolected by
ohgonucicotide arrays {Inoue ¥, dm J Patho! {2004} 165:71-81). The expression patiem indicates that
FeREES could be g target for antibody-based therapies for the treatroent of multiple myeloma. Multiple
mveloma is & malignaney of plasma cells characterized by skeletal lesions, renal failure, anemia, and
bypercalcsinia. B is egsentially ingurable by current therapiss, Current drug trestments for multiple
myelna inelude combinations of the protecsome inhibitor bortezomil (Velcade), the
imemumemnodulator lenalidomide (Revliimid), and the steroid dexamethasone,

FoRH35¢ specific antibody-based therapies and delection methods may be particularly
stficacious as they specifically recognize target cell, membrane-associated FeRHS rather than
antibodiss which recognize both soluble and membrane isoforms of FeRHS. However, only the last Ig-
tike domain of FcRHS (Ig-like domain 9} is unique extracellular region that differentiates betwesn the
three major isoforms of FeRES, and there is significant homology between the [g-bike domaing within
FcRHS. Further, the last Ig-like domaim is highly conserved betwesn FoRHI, FeRH2, FeRHIY, and
FcRHS. Any antibody-based therapy that specifically targetsd FoRHS would have (o have minimal
crass-reaciivity with other FeRHs 0 avoid adverse off-target effects {eg., FeRH3 is sxpressed an
normal MK celis), There is a need in the art for agents that aid in the diagnosis and treatment of cancer,
such as FclHS-associsted cancer.

SUMMARY
Provided herein are anti-FeRHS antibodies including bispecific antibodies, inmmunoconjugates,

and roethods of using the same. Provided herein are isolaied anti-FeRHS antibodies that binds an
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tgoform cospecific region of the extracelivler domain of FeRMS¢. In some smbodiments, the isoform ¢-
specific region comprises Ig-like domain ¢, In soms embodimentis, the isofonn c-specific region
commprises auung acids 743-850 of SEQ 1D NO:L

In some enbodiments, the antibody comprises; a) a heavy chaln comprising a HVR-H
comnprising the amino acid sequence of 3B 1D NG:38, HVR-H2 comprising the amino acid sequencs
of SEQ D NO62, and HYR-H3 conmprising the amine acid sequence of SEQ ID NGES; and/orbl a
light chain comprising 2 HVYR-L1 comprising the amine acid sequence of SEQ 1D MNO:Z, HVR-L2
covpprising the amine acid sequence of SEQ 10 NOn 14, and BVR-L3 comprising the amino acid
sequence of SEG I NO26. In some embodiments, the heavy chain comprising a HVR-H1 comprising
the amino acid sequence of SEQ 1D NO:S0, HVR-H2 comprising the amine acid sequence of SEQ ID
NC74, and HVR-HS comprising the amine acid sequence of SE() 1D NO:SE.

In some embodiments, the antibody comprises: a} a heavy chain comprising a HVR-H1
comprising the aming acid sequence of SEQ 1D NO:39, HVR-HZ comprising the amine scid sequence
of BEL) TD NC:63, and HVR-HD comprising the amino acid seguence of SEQ 1D NORT; andlor bl g
light chain comprising 8 HYR-L1 comprising the arvine acid sequence of SEQ ID NG:3, HVRAL2
comprising the aming acid sequence of 8EQ B NO: 15, and HVR-L3 comprising the aming acid
sequence of SEC 1D NO:27. In some embodiments, the heavy chain comprising a HVR-HI comprising
the amino acid sequence of SEG D NG5, HVR-HZ comprising the amino acid sequence of SEQ D
PIORTS, and HVRAHE comprising the amine scid sequence of SEQ 11D MO9S,

In some embodiments, the antibody comprises: a} a heavy chain comprising s HVR-H]
comprising the amino acid sequence of SEQ ID NG:40L, HVR-H2 comprising the amino acid sequence
of SEG I NO:64, and HYR-H3 comprising the aming acid sequence of SEQ I NO:BS; and/orb) a
fight chain comprising a HVR-L1 comprising the amino acid seguence of SEQ ID NG:4, HVR-L2
comprising the amine acid sequense of SEQ 1 NO:16, and HVR-L3 comprising the aming acid
sequence of SEQ I3 NOL28. In some embodiments, the heavy chain comprising a HYR-HI comprising
the aming acid se@umce of BEQ ID NOk32, HVR-H2 comprising the amino acid sequence of SEG ID
W76, and HVE-H3 comprising the arming acid sequence of SEQ D NG,

In some smbodiments, the antibody comprises: a) g heavy chain comprising a HVR-H1
comprising the amino acid sequence of SEQ ID NG:41, HVR-H2 comprising the aminoe acid sequence
of SEQG 1D MNO:6S, and HVE-H3 conywising the amine acid sequence of SEQ ID NO:39; andforb) a
light chain comprising 2 HVR-L1 comprising the amino acid sequence of SEQ I NOS, BVRAL2
comprising the arnino acid sequence of SEQ 1D NG:17, and HVR-L3 comprising the amino acid
sequence of SEQ 1D NO:29, In some embodiments, the heavy chain comprising a HVR-HI comprising
the amino acid sequence of SEQ I MNOS3, HVR-H? comprising the amine scid sequence of SEQ ID
WHTY, and HVR-H3 comprising the amino acid sequence of SEQ D NO:10T.
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I some embodiments, the antibody comprises: a) s heavy chain conmprising a HVR-H1
comprising the amino acid sequence of SEQ ID NOG142, HVR-HZ comprising the amine acid sequence
of SEC ID NG:66, and HVR-HI comprising the amine acid sequence of SEQ 1D NOSE; and/or bl a
Eght chain comprising a HVR-L1 comprising the amine acid sequence of SEQG ID NOG:6, HVR-L2
comprising the amino acid sequence of SEG 1D NG E, and HVR-L3 comprising the amine acid
sequence of SEQ I NO:3D. In some embodiments, the heavy chain comprising 8 HVR-HT comprising
the amino acid sequence of SEQ 1D N84, HVR-HZ comprising the amino acid sequence of SEQ ID
NGTE, and HVR-H3 comprising the amine acid sequence of BE( I NO:102.

I some embodiments, the antibody comprises: 4} a heavy cham comprising a HVR.HI
comprising the amino acid sequence of SEQ 1D NG44 3, HVR-H2 comprising the amino acid sequence
of SEG 2 NO67, and HVR-HI comprising the amino acid sequence of SEQ ID NG9 and/ur bl a
light chain comprising 3 HVR-L1 comprizsing the amino acid sequence of SEQ D NO:7, HVR.L2
comprising the amino acid sequence of SEQ 1D NO:19, and HVR-L3 comprising the amino acid
apguence of SEQ [ MO:31. In some emboediments, the heavy chain comprising a HYR-H1 comprising
the amino acid sequence of SE(G 1D NO:53, HVR-HZ comprising the amino acid sequence of SEQ ID
W79, and HYR-H3 comprising the amino acid sequence of SECQ 1D NO: 103,

I some embodiments, the antibody comprises: a) & heavy chain comprising a HVR-H1
comprising the amine acid sequence of SEQ 1D NG44, HVR-H? comprising the amine acid sequence
of SEQ 1D NO:SE, and HYR-H3 comprising the amino acid sequence of SEQ D NO2; and/orbla
light chain comprising a HVR-L1 comprising the aming acid sequence of SEQ I MO8, HVR-L2
comprising the aming acid sequence of SEG I MO20, and BVR-L3 comprising the aming acid
sequence of SEQ ID NC32. Insome embodiments, the heavy chain comprising a HYR-HI comprising
the amino acid sequence of SEQ 1D NO:36, HVYR-H2 comprising the amino acid sequence of SEQ ID
NHED, and HYR-H3 comprising the amino acid sequence of SEQ ID NG 104,

In some smbodiments, the antibody comprises: a3 a heavy chain comprising 8 HVR-H
comprising the amine scid sequence of SEQ T3 NOu4S, HVR-HZ comprising the amino acid sequence
of SEQ I NO:698, and HVR-H3 comprising the amino acid sequence of SEQ 1D NO:93; and/or by a
tight chain comprising a HVR-L1 comprising the amino acid sequence of SEQ I NGOG, HVR-L2
comprising the aging acid sequencs of BB ID N2 1, and HVR-L3 comprising the amino acid
sequence of SEQ ID NG:33, In some embodiments, the heavy chain comprising a HVR-H comprising
the aming acid sequence of SEQ 13 NO:37, HVYRA-HY comprising the amine acid sequence of SEQ ID
M(RRY, and HYE-H3 comprising the amino acid sequence of SEQ 1D NG:105.

In soine embodiments, the anttbody comprises: a) a heavy chain comprising g HVR-HI
comprising the amino acid sequence of SECG ID NO46, HVR-HZ comprising the amdno acid sequence
of SEQ 1D NO70, and HVR-H3 comprising the amino scid sequence of SEQ 1D NO:94,; and/or b} a
light chain comprising a HVR-L1 comprising the amine acid sequence of SEQ ID NGO, HVRALZ

corpprising the amino acid sequence of SEQ ID NG:22, and HVR-L3 comprising the amine acid
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seguence of SEQ 1D MO:34. In some emnbodiments, the heavy chain comprising a HVR-H] comprising
the amino acid sequence of SEG ID NOSE, HVR-H2 comprising the amino acid sequence of SEQ D
NGeE2, and HYR-H3 comprising the amino acid sequence of SEC I NO: 106,

I some embodiments, the antibody comprises: a) a heavy chain comprising a HVR-H1
comprising the amino acid sequence of SEQ 1D NO47, HVR-H? comprising the amino acid sequence
of SEG H NOTL, and HYR-H3 comprising the amino acld sequence of SEG [ MNO:9S; andfor bl a
tight chain comprising a HVR-L1 comprising the smino acid sequence of SEQ ID NO1, HVR-L2
comprising the amino acld ssquence of SEQ D KO3, and HVR-L3 comprising the amino acid
sequence of SEQ 1D MNO:38. In some embodiments, the heavy chain comprising a HYR-HI comprising
the amino acid sequence of SEQ I NO 3G, HVR-HZ comprising the amino acid sequence of SEQ ID
N3, and HVR-FI comprising the aming acid sequence of SEQ D MO 07,

in some embodiments, the antibody comprises: 8} a heavy chain comprising a HYR-H1
cermprising the amine acid sequence of SEQ ID NCk48, HVR-H2 comprising the amino acid sequence
of BEQ D NO72, and HYR-H? comprising the amine acid sequence of SEQ I3 MNO:GS; and/orbl s
light chain comprising a HVR-L1 comprising the amino acid sequence of SEQ ID NG:12, HVR-L2
comprising the amino acid ssquence of SEQ 1D NG24, and HVR-L3 comprising the amino acid
sequence of SEQ 1D NO:36. In soine embodiments, the beavy chain comprising 2 HYR-H! comprising
the amine acid sequencs of BEQ ID NC:60, HVR-H2 comprising the aminoe acid sequence of SR ID
NC:E4, and HVR-HE comprising the amino acid sequence of SEQ 1D NO:10R,

In some embodiments, the antibody comprises: 8} 8 heavy chain comprising a HVR-H1
comprising the amino acid sequence of SEQ ID N(:49, HVR-H2 comprising the amino acid sequence
of SEQ 1D NGT3, and HYR-H3 comprising the amine acid segquence of SEQ [D NOOT, andlor bl a
light chain corprising a HVR-L! comprising the amine scid sequence of SEQ ID NO:13, HVR-LZ
comprising the aming acid sequence of SEQ 1D NOL25, and HVR-L3 comprising the amino acid
sequence of SEQ I NO:37. In some embodiments, the heavy chain comprising & HVR-HI comprising
the amine acid sequence of SEQ ID NG:al, BVR-H2 comprising the amine acid sequence of SEQ ID
N{HES, and HYR-HI comprising the amine acid seguence of SEQ ID NG9,

In some embodiments of any of the antibodiss, the antibody comprises: a) a VH sequence
having at least 95% sequence wlentity to the amino acid sequence of SEQ ID NO:1 1} andior a VL
sequence having at least 95% sequence identity to the aming acid sequenwe of SEQID NG 110 b a
YH sequence having at least 95% sequence identity to the amine acid sequence of SEQ D NO:TL3
and/or a VL sequence having at least 9395 ssguence identity to the amino acid sequence of SEQ ID
MNOELE; o) 2 VH sequence having at least 95% sequence entity to the aming acitd segquence of SEQ
iD NO1LS andior a YL sequence having at least 93% sequence identity to the amino acid sequence of
SECQ D NOe114; dy s VH sequence having at least 3% sequence identily to the amine acid sequence
of SEQ 1D MO T and/or 2 VL sequence having at least 35% sequence identity 1o the amino acid

sequence of SEQ 1D NGO 116; ¢) a VH sequence having at least 95% seguence identity to the amino
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acid sequence of SEQ 1D MO 19 and/or 3 VL sequence having at least 93% sequence ideniity to the
arminge acid sequence of SEQ ID MNO:1IE; £} a VH sequence having at least 95% sequence identity (o the
aming acid sequence of SEQ 1D N0 12T andfor a VL sequence having at least 35% sequence identity to
the amino acid sequence of SEQ [ NOi120; g) 8 VH sequence having at least 95% sequence identity
to the amine acid sequence of BEQ D NO:123 andfor a2 VL sequence having at least 95% sequence
identity 1o the amine acid sequence of 8EQ ID NOI122; Wy s VH sequence having at least 25%
sequence identity to the amino acid sequence of SEQ I N(O:1235 and/or 2 VL sequence having at least
93% sequence identily o the amino acid sequence of SE 1D N(G:124; 1) a VH ssguence having al least
95% sequence identity to the amine acid sequence of SEQ 1D NO:127 and/or a VL sequence having at
least 85% sequence identity 1o the amino acid sequence of SEQ 1D NO: 126; 1) 8 VH sequence having
at least 95% sequence identity to the aming acid sequence of SEQ 1D NO:129 and/or a VL seguence
having at least 93% sequence identity o the amino acid sequence of SEQ D NCG128; kia VH
sequisncs having at least 5% sequence identity to the amine acid sequence of SEQ D NO:13T and/or a
V1 sequence having at least 95% sequence identity to the amino acid sequence of SEQ IDNG:130; 1 a
YH sequence having at least 25% sequence identity {0 the amino acid sequence of SEC 1D NO:133
amdd/or a VL sequence having at least 95% sequence ideniity (o the amingo acid seguence of SEQ ID
MNG132; or a VH sequence having at least 95% sequence identity 1o the amine acid sequence of S8EQ
I N33 andior a VL sequence having st least 93% sequence identity o the amino acid sequence of
SEQ ID NO134.

in some embodiments of any of the antibodies, the antibody coroprises: a) & VH seguence of
SEQ I NO:L 1T and/or a VL sequence of 3EQ D NO110; b)Y & VH sequence of SEQ ID NO:113
and/or a VL sequence of SEQ [ MONT12; ) a VH sequence of SEQ 1D NC:11S andfor a VL sequence
of SEQ D M1 14; d) a VH sequence of SEQ 1D NOTT and/or a VL sequence of SEQ ID NO:116;
g} a VH sequence of SEQ 1D NO: 119 and/or 8 VL sequence of 3EQ D NOTIR; §) a VH sequence of
SEQ ID NG 121 and/or 3 VL sequence of SEQ I NG 128; g) 2 VH sequence of SEQ I3 NCH123
andfor a VL sequence of SEQ ID NO:122; b} a VH sequence of SEQ I3 NOHI12S and/or a VL sequencs
of SEQ ID NGi124; i) a VH sequence of SEQ 3 NO27 and/or a VL sequence of SEQ 1Y N(G:126; 1)
a VH sequence of SEQ HI MO 29 and/or a VL sequence of S8E D NO:128: kY a VH seguenee of
SEQ ID N3 andior a VL seqpiencs of 3EC ID NG 130; U a VH sequence of SEQ 1D NG:133
andfor & VL sequence of S8EQ 1D NO:132, or m) a VH sequence of 8EQ 1D NO:135 and/or a VL
seguence of SEQ I NG 134,

In some embodiments of any of the antibodies, the antibody is a monocional 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 antdbodies, the antibody is an antibody fragment that binds FeRHE In
some embodiments of any of the antibodies, the antibody is an 11, 1gG2a or [5G2h antibody.,

In some embodiments of any of the aotibodies, the antibody has one or more of the following

characteristios: a} cross reactive with full length human and cyno FeRHS, b} does not cross react with

&
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FoRE1, FeRH2, FeRHS, and/or FeRH4, ©) binds 1o endogenous FeRIS, &) does not cross react with
FcRHSa, and e) does not cross react with another [g-like domain of FeRHS,
In some embodiments of any of the antibodiss, the antibody is a bispecific antibody. In some

smbodiments, the bispecific antibody binds FcRHS and CI3.

W

in some embodiments, an isolated nucleic acid that encodes an entibody described herein is
provided. In some embodiments, a host esll comprising the nucleic acid is provided. In some
simbodiments, s method of producing an antibody described herein is provided. In some embodiments,
the method conmprises culturing the host cell comprising the nucleic acid that encodes an antibody.

Int some embodimenis, innnunoconjugates are provided. Tn some embodiments, an
10 imgnuncconjugate comprises an anti-FeBHS antibody and a cytotoxic agent. In some embodiments, the
anti-FoRH3S antibody binds an isoform c-specific region of the extraceliular domain of FeRHSe. In
some embodiments, the ant-FeRHS anttbodies binds Ig-like domain 9 of FeRH5¢. In some
embodiments, an immunoconjugate has the formula Ab-{L-Dp, wherein: {8) Ab is an antibody

described herein; (b) L is a linker; {2} I3 is a drug selecied from a maviansinoid, an auristatin, a

ot
(¥

calicheamicin, a pyrrolobenzodiazeping, and » nemorubicin derivative; and (4} p rangss from -8, In

some embodiments, 13 is an auristatin, In sore such embodiments, It has formula D

) R3 e &7 (‘i? CHg Fﬁg
r S N/A\ - Q\\j ,JJ\\ N/‘\\ P N N N )\\ - M e £218
R oo R R @ g% g RE O 0,

wherein RY and R® are sach methyl, B and B® are each isopropyl, R is H, B is sec-butyl, each R® ig
20 independenily selected from CHy, O-CHy, OH, snd H: R s H; and B is ---C(Rs}g---C(Rg)guaryl. In some

embodiments, D is MMAFE having the structure:

in some embodiments, 13 is a pyrrolobenzodiazepine of Formula A

[219 i3 ikl
H t QF{”
P M i X' X J\ - N '""""1/
e /N \Tf o e RN
(,'__,.l..u\ i ' H )éﬁ“t
.” k > PR . e ! H
!& ,.\N\\// \\\\w’f = T N \rf”‘”'N! i‘\ -
Rz T 3 r I[’ N

& Rlﬁ’ #e led A
25 wherein the dotied lines indicate the optional presence of g double bond between €1 and C2 or €2 and

C3; 7 is independently selected from H, OH, =0, =CH,, CN, R, OR, =CH-E", =R}, 0-80,-R,

)
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COR and COR, and optionally further selected from halo or dihalo, whersin R® is independently
selected from R, COR, COR, CHO, C0,H, and halo; R® and B are indgpendently selected from H, B,
OH, OR, SH, 3R, NH,, NHR, NRR’, NO,, Me.Sn and halo; B is independently selected from H, R,
O, OR, SH, SR, NH,, NHE, NRR’, NGy, Mes8n and hale; Q@ is independently selected from O, § and
NH: R is either H, or B or, where 3 is O, SOsM, where M is a meial cation; B and B’ ars each
independently selected from optionally substituted C, 4 alkyl, O3 alkyl, Caa heterocvelyl, Cane
heteroeyelyl, snd Csze arvl groups, and optionally in relation to the group NRR’, R and R’ together
with the nitrogen stom (o which they are attached form an optionally substitited 4-, 5+, 6~ or
7-roembered heterocyotic ring; B, R R and BV ave us defined for B2 %, R and 7 respectively;
R” is a Cy.y; alkylens group, which chain may be intermupted by one or more hetercatoms and/or
aronatic rings that are optionally substituted; and X and X are independently selected from O, § and

MEH}. Insome such embodimenis, D ig
4\

fN\ IS OO
Okde
O
whereinnis O or 1.

In some embodinents, I3 is a nemomibicin derivative. In some embodiments, I has a struchurs

selected fom:

a%{"’%
,E\E
3 H
dk A L OH
7,
Ry, /L/ OH
7 LT
G, © O 6
Q/E
;
““\\.; ’iN“
DO
2 ; and
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In some embodiments, ap inyounoconiugate comprises g Hnker that is cleavable by a proiease
In soms smbodiments, the linker comprises a val-¢it dipeptide or 2 Phe-homoLys dipeptide. In some
. 3 8,

embodimentis, an immuonoconjugate comprises a linker that is acid-labile. In some such embodiments

the linker comprises hydrazone
In some embodimenis, an bomunoconjugate has a formula selected fo
LY O™y oYY
. O A D S NN %
(\ \\'""* Ci‘} ﬁ\ T e N‘/\T’N i ??é'j ' ‘FNJ\{/LT,N
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G H
wherein S is a sulfur atom;
T O, MHp -
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In some embodiments, p ranges from -5
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In some embodiments, pharmaceutical formulations are provided. In some such embodiments,
a pharmaceutical formulation comprises an immunoconjugate comprising an antibody that binds
FcRHS, e.g., as described herein. In some embodiments, the anti-FcRHS5 antibody binds an isoform c-
specific region of the extracellular domain of FcRHS5c. In some embodiments, the anti-FcRHS
antibodies binds Ig-like domain 9 of FcRH5c. In some embodiments, a pharmaceutical formulation
further comprises an additional therapeutic agent.

In some embodiments, methods of treating individuals having FCRHS (e.g., FcRHS5c¢)-positive
cancers are provided. In some such embodiments, a method comprises administering a pharmaceutical
formulation comprising an immunoconjugate comprising an antibody that binds FcRHS and/or an
FcRHS5 bispecific antibody, e.g., as described herein. In some embodiments, the FcRHS bispecific
antibody comprises an FcRHS binding arm and a CD3 binding arm. In some embodiments, the anti-
FcRHS antibody binds an isoform c-specific region of the extracellular domain of FcRHS5c. In some
embodiments, the anti-FcRHS antibodies binds Ig-like domain 9 of FcRHS5c. In some embodiments, the
FcRHS5-positive cancer is a B-cell proliferative disorder. In some embodiments, the FcRHS5-positive
cancer is plasma cell neoplasm. In some embodiments, the plasma cell neoplasm is multiple myeloma.
In some embodiments, a method comprises administering an additional therapeutic agent to the
individual.

In one aspect, there is provided the use of an effective amount of the antibody as disclosed
herein and/or immunoconjugate as disclosed herein in the manufacture of a medicament for treating an
individual having an FCRHS5-positive cancer.

In some embodiments, methods of inhibiting proliferation of an FcCRHS (e.g., FcRHS5c)-positive
cell are provided. In some embodiments, the method comprising exposing the cell to an
immunoconjugate comprising an antibody that binds FCRHS and/or an FcRHS bispecific antibody
under conditions permissive for binding of the antibody to FCRHS on the surface of the cell. In some
embodiments, the FCRHS bispecific antibody comprises an FcCRHS5 binding arm and a CD3 binding
arm. In some embodiments, the anti-FcRHS antibody binds an isoform c-specific region of the
extracellular domain of FcRHS5c. In some embodiments, the anti-FcRHS antibodies binds Ig-like
domain 9 of FcRH5c. In some embodiments, the antibody that binds FcRHS is an antibody described
herein. In some embodiments, the FCRH5-positive cancer is a B-cell proliferative disorder. In some
embodiments, the FCRHS5-positive cancer is plasma cell neoplasm. In some embodiments, the plasma
cell neoplasm is multiple myeloma. In some embodiments, a method comprises administering an

additional therapeutic agent to the individual.
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In some embodiments, an antibody that binds FCRHS is conjugated to a .label. In some
embodiments, the anti-FcRHS antibody binds an isoform c-specific region of the extracellular domain
of FcRH5c. In some embodiments, the anti-FcRHS antibodies binds Ig-like domain 9 of FcRH5c. In
some embodiments, the antibody that binds FCRHS is an antibody described herein. In some
embodiments, the label is a positron emitter. In some embodiments, the positron emitter is *Zr.

In some embodiments, a method of detecting human FcRHS in a biological sample is provided.
In some embodiments, a method comprises contacting the biological sample with an anti-FcRHS

antibody under conditions permissive for binding of the anti-FcRH5 antibody to a naturally occurring

12a



10

15

20

25

30

35

human FcRHS5, and detecting whether a complex is formed between the anti-FcRHS antibody and a naturally
occurring buman FcRHS in the biological sample. In some embodiments, the anti-FcRHS antibody binds an
isoform c-specific region of the extracellular domain of FeRH5¢. In some embodiments, the anti-FeRHS
antibodies binds Ig-like domain 9 of FcRHS5c¢. In some embodiments, the anti-EcRHS antibody is an antibody
described herein.

In some embodiments, a method for detecting an FcRH5-positive cancer is provided, In some such
embodiments, a method comprises (i) administering a labeled anti-FcRHS antibody to a subject having or
suspected of having an FcRHS5-positive cancer, and (ii) detecting the labeled anti-FcRHS antibody in the subject,
wherein detection of the labeled anti-FcRHS antibody indicates an FcRH5-positive cancer in the subject. In some
embodiments, the-anti-FcRHS5 antibody binds an isoform c-specific region of the extracellular domain of FecRH5e¢.
In some embodiments, the anti-FcRHS5 antibodies binds Ig-like domain 9 of FcRHSc. In some embodiments, an
anti-FcRHS . antibody is an antibody described herein.

In one aspect, there is provided the use of a labeled anti-FcRHS antibody in the manufacture of a
medicament for detecting an FcRHS5-positive cancer in a subject having or suspected of having a FcRH5-positive
cancer, wherein the labeled anti-FcRHS antibody comprises the anti-FcRHS5 antibody as disclosed herein, wherein
detection of the labeled anti-FcRH5 antibody indicates a FcRHS5-positive cancer in the subject.

In one aspect, there is provided an isolated anti-FcRHS antibody that binds an isoform ¢-specific region
of the extracellular domain of FcRHS5¢ (amino acids 743-850 of SEQ ID NO:1), wherein the antibody does not
significantly bind another Ig-like domain of FcRHS.

In one aspect, there is provided a pharmaceutical formulation comprising the antibody as described
herein and/or the immunoconjugate as described herein and a pharmaceutically acceptable carrier,

In one aspect there is provided use of an antibody as described herein and/or immunoconjugate as
described herein in the manufacture of a medicament for inhibiting proliferation of an FcRH5-positive cell,
wherein the FCRH5-positive cell is to be exposed to the anti-FcRHS antibody and/or immunoconjugate under
conditions permissive for binding of the antibody and/or immunoconjugate to FcRHS5 on the surface of the
FcRHS5-positive cell, thereby inhibiting proliferation of the FeRH5-positive cell.

In one aspect, there is provided an isolated anti-FcRHS antibody that binds -an isoform c-specific
region of the extracellular domain of FcRHSc¢ (amino acids 745-850 of SEQ ID NO:1), wherein the
anti-FcRHS antibody does not significantly bind another Ig-like domain of FcRHS.

In one aspect, there is provided a method of producing an anti-FcRHS antibody comprising
culturing the host cell as described herein so that the anti-FcRHS antibody is produced.

In one aspect, there is provided an immunoconjugate comprising the anti-FcRHS antibody as
described herein and a cytotoxic agent.

In one aspect, there is provided a pharmaceutical formulation comprising the anti-FcRHS5
antibody as described herein and/or the immunoconjugate as described herein and a pharmaceutically
acceptable carrier.

In one aspect, there is provided use of an effective amount of the anti-FcRH5 antibody as
described herein and/or immunoconjugate as described herein in the manufacture of a medicament for

treating an individual having an FeRH5-positive cancer.
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In one aspect, there is provided use of the anti-FcRH5 antibody as described herein and/or
immunoconjugate as described herein in the manufacture of a medicament for inhibiting proliferation of
an FcRHS5-positive cell, wherein the FecRHS5-positive cell is exposed to the anti-FcRHS antibody and/or
immunoconjugate under conditions permissive. for binding of the anti-FcRHS antibody and/or
immunoconjugate to FcRHS on the surface of the FcRHS5-positive cell, thereby inhibiting proliferation

of the FcRHS5-positive cell.
BRIEF DESCRIPTION OF THE FIGURES

FIG. 1{A} depicts the three major isoforms of FcRH3, FcRH5a (IRTA2a; UniProt Identifier Q96RD9-3),
FcRHSb (IRTA2b; UniProt Identifier Q96RD9-4), and FcRHSc (IRTA2¢; UniProt Identifier Q96RDY-1). The Ig-
like domains are numbered and correspond to the amino acid sequence of UniProt Identifier Q69RDS-1 (SEQ ID
NO:1}): Ig-like domain 1 (aa ("amino acid") 23-100), Ig-like domain 2 (aa 105-185), Ig-like domain 3 {aa 188-
271), Ig-like domain 4 (287-373), Ig-like domain 5 (aa 380-466), Ig-like domain 6 (aa 490-555), Ig-like domain 7
(aa 568-652), Ig-like domain 8:{aa 658-731), and Ig-like domain 9 (aa 754-835). FIG. 1(B) depicts part of FcRHS
(SEQ ID NO:136) and the structure and homology of FcCRHS amino acids 735 to 977 of FcRH5¢ (SEQ ID NO:2).

FIG. 2 shows binding of FcRHS antibodies to SVT2 cells transfected with (A} human FcRHS5 and (B)
cyne FcRHS, in different concentrations.

FIG. 3 shows binding of FcRHS antibodies to (A) EIM cells or (B) OPM2 cells transfected with human
FcRHS, and binding of subclone supernatants (C) 5A10.1, (D) 5F1.1, (E) 3G7.1, and (F) 6D2.2 to MOLP2 cells
which express FeRHS endogenously.

FIG. 4 shows {A) binding of FcRHS subclone supernatants to 293 cells transfected with WT or (B)
mutant FcRHS5 with deletion of 4 membrane proximal extracellular domains.

FIG. 5 shows binding of (A) the FcRHS5 antibodies to FcRH35a by ELISA, and (B) binding of subclone
supernatants to human B cells:

FIG. 6 shows binding of EcRHS subclone supernatants to SVT2 cells transfected with (A) FcRH1, (B)
FcRH2, (C) FcRH3, or (D) FeRH4,

FIG. 7 shows the binding of FcRHS5 antibody subclone supernatants to NK cells.

FIG. 8 shows (A) killing activity of FcRHS bisFabs, FcRH5-TDB (clone 10A8) and (B) HER2-TDB and
(C) killing activity of FeRIHS-bisFabs and (D) FcRH5-TDBs on FcRHS transfected 293 cells.
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FIG. 9 shows (A} killing activity and (B} T-cell activation of FeRHS bisFabs and FeRHS-
TxBs on MOLP-2 cells,

DETAILED DESCRIPTION
8 DBEFINITIONS

The term “FeRHS,” as used hersin, refers to any native, mature FeRH3 which results from
processing of an FeRHS precursor protein in a cell. The term includes FeRHS from any verichrate
source, inciuding 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 occurring variants of
FoRHS, e.g., sphice variants or allelic variants, In some embodiments, the amino acid sequences luiman
FeRHS proteins is FoRHS%a (IRTAZa; UniProt Identifier QR6RIDG-3; 738 aa), FeRHSL (IRTAZD;
UniProt ldentifier Q98RI9-4; 592 ga), FoRHSe (IRTAZe; UniProt Identifier Q96RIDU-1; 977 aa (SEQ
B3 DOy, UniProt Mentifier Q96RDS-2 (124 ga), and/or FeRHSH {IRTAZ4; UniProt Tdentifier
QB6RIG.5; 152 aa).

The term “glycosyisted forms of FeRHS refers to naturally occurring forms of FeRHS that are
post-transiationally modified by the addition of carbohyidrate residues,

*Percent {36} amine acid sequence identity” with respect to a reference polvpeptide sequence is
defined as the percentage of aming acid residues in a candidate sequence that are identical with the
amine acid residues in the reference polypeptide sequence, after aligning the sequences and introducing
gaps, if necessary, to achieve the maximum percent sequence identity, and not considering any
conservative substitutions as part of the sequence identity. Alignment for purposes of determining
percent amino acid sequence identity can be achieved in various ways that are within the skill in the art,
for instance, using publicly available computer software such as BLAST, BLAST-2, ALIGN or
Megalign (DMNASTARY software, Those skilled in the art can determine appropriate parameters for
aligning sequences, including any algorithms needed to achievs maximal alignment over the full length
of the sequences being compared. For purposes heren, however, 9% amino acid sequence identity values
are generated using the sequence comparison computer program ALIGN-2, The ALIGN-2 sequence
comparison compuist program was suthored by Genentech, Ing., and the sourcs code has been filed
with user decurnentation in the U5, Copyright Office, Washington DO, 20359, where it is registered
under U8, Copyright Registration Ne. TXUSIOGRT. The ALIGN-2 program is publicly available from
Genentech, Inc., South San Franciseo, California, or may be compiled from the source sode. The
ALIGN-2 program should be compiled for use on a UNIEX operating syster, including digital UMNIX
V400 All sequence comparison parameters are set by the ALIGN-Z program and do not vary.

Inn situations where ALIGN-2 ts emploved for amine acid sequence comparisons, the %% amine
acid sequence identity of a given amino acid sequence A o, with, or againat a given aming acid

sequence B {which can sitemnatively be plirased as a given aming acid sequence A that hags or comprises
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a3 seriain % smine acid sequence identity o, with, or against a given amino acid segquencs B} s
caloniated as follows:

100 tmes the fraction X/Ywhere X is the number of amino acid residues scored as identical
maiches by the sequence alignment program ALIGN-2 in that program’s alignment of A and B, and
where Y is the total number of aming acid residues in B, It will be appreciated thal whers the length of
amino acid sequence A is not equal to the lengih of amino acid sequence B, the % amino scid sequence
identity of A to B will not equal the % amino acid sequence identity of B o A. Unless specifically
stated otherwiss, all % amino acid sequence identity values used herein are obtained as described in the
wrmediately preceding paragraph using the ALIGN-2 computer program.

The terms “anti-FoRHS antibody™ and “an antibody that binds (o FcRHS” refer to an antibody
that is capable of binding FoRHS with sufficient affinity such that the antibody 15 usefil as a diagnostic
and/or therapeutic agend in targeting FeRHS. In one embodiment, the extent of binding of an anti-
FeRHS antibody to an unrslated, non-FeRHS protein is less than sbout 10% of the binding of the
antibody to FeRHS as measured, ez, by 2 radinimmunoassay (RIA). In cortain embodiments, an
antibody that binds to FoRHS has a dissociation constant {(Kd) of < 1uM, £ 100 oM, < 10 aM, , <5 Nm,
,X4oM, <3oM,, <2 oM, 2o S0 oM, <001 oM, or <0.001 sM {eg., 17 A oo less, e.g.
from 10 M 10 1077 M, & g., from PP M o 1077 M), In cortain embodiments, an ant-FeRHS antibody
binds to an epitope of FeRHS that is conserved arong FeRHS from different species. In some
embodiments, the anti-FeRHS antibody binds an isoform c-specific region of the extracellular domain
of FcRHS5c. In some embodiments, the anti-FeRHS antibodies binds [g-like domain 8 of FeRHSc.

The term “antibody™ is used herein in the broadest sense and encompasses various antibody
structures, including bat not limited 10 monoclonal antibodies, polvelonal antibodies, multispecific
antibodies {e.g., bispecific gntibodies), and antibody fragments 30 long as they exhibit the desired
antigen-binding activity.

Axn “antibody fragment” refers 1o 2 molecule other than an intact antibody that comprises s
portion of an intact antibody and that binds the antigen to which the intsct antibody binda. Examples of
antibody fragments include but are not linsited to Py, Fab, Fab', Fab’-SH, Flab",; disbodies; linear
aniibodies; single-chain antibody molecules {e.g., scFv); and multispecific antibodies formed from
antibody fragments,

The term “spitope” refors to the particular site on an antigen moleculs to which an antibody
bingds.

An “antibody that binds to the same epiiops” as a reference antibody refers to an antibody that
blocks hinding of the reference antibody o its antigen in 8 competition assay by 30% or more, and
conversely, the reference antibody blocks binding of the antibody to its antigen in s competition assay
by 50% or more. An exemplary competition assay is provided hersin,

The terro “meonoclonal antibody™ as used herein refers to an antibody obiained from g

population of substantially homogeneous antibodies, 4.2, the individual antibodies comprising the
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popuiation are wdentical and/or bind the same epitope, except for possible variam antibodies, e.g.,
contaiming naturathy ocourring mutations or ansing during production of 2 monoclenal antibody
preparation, such variants generally being present in minor amounds, In contrast (o polyclonal antibody
preparations, which typically inchde different antibodies directed against different determinants
{gpitopss), each monoclonal antibody of a monoclonal antibody preparation is directed against a single
determinant on an antigen. Thus, the modifier “monocional” indicales the character of the antibody as
being obtained from & substantistly homogensous population of anttbodies, and is not 10 be construed
as requiring production of the sntibody by any particular methed. For example, the monocional
antibodizs to be used in accordance with the present invention may be made by a variety of technigues,
including but not Butted 1o the bybridoma method, recombinant BDNA methods, phage-display
methods, and methods wilizing ransgenic snimals contaming all or part of the human immunoeglobulin
loci, such methods and other exemplary methods for making monoclonal antibodies being described
herein.

The terms “full length antibody,” “intact anitbody,” and “whole antibody” are used herein
interchangesbly to refer to an antibody having a structure substantially similar to 3 native antibody
struciure or having hesvy chains that contain an Fo reglon as defined hergin,

A “naked antibody” refers {0 an antibody that is not conjugated o a heterologous molsty {e.g.,
3 oyinioxic moiety} or radislabel. The naked aniibody may be present in & pharmaceutical formulation.

“Mative antibodies”™ refer to naturally occurring immanoglobulin molecules with varying
structures, For example, native Ig( antibodies are heterstetrameric glveoproteins of about 150,000
daltons, composed of two identical light chains and two identical heavy chains that are disulfide-
bonded, From N- to C-terminus, each heavy chain has a variable region (VH), also called a variable
heavy domain or 3 heavy chain variable domain, followed by three constant domains {CHI, CHE, and
CH33, Similarly, from N- to Cterminus, sach light chain has a variable region (VL) also called a
variahle light domain or a light chain variable domain, followsed by a constant light {CL) domain, The
light chain of an antibody may be assigned 10 one of two types, called kappa () and lambda {4}, based
on the amino acid sequence of its constant domain,

The term “chimeric” antibody refers 10 an antibody in which a portion of the heavy and/or light
chain is derived from a panicular source or species, while the remainder of the heavy and/or light chain
is derived from a different source or speciss.

A “human aniibody” is one which possesses an amino acid sequence which corresponds to that
of an antibody produced by a uman or 8 human cell or derived from a non-human source that utilizes
humnae antibody reperioires or other human antibody-encoding sequences. This definition of a buman
antibody specifically excludes a humanized antibody comprising non-human antigen-binding residues,

A “humanized” antibody refers to 3 chimeric antibody comprising aming scid residuss from
non-human HYRs and smino acid residues from human FRs. In certain embodiments, a humanized

antibody wiil comprise substantially all of at least one, and typically two, variabile domains, in which all
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or substantiaily sl of the HVRs {e.g., CDRs) correspond o those of a non-human andibody, and all or
substantially all of the FRa comespond o those of a human antibody. & humanized antibody optionally
may comprise at lsast a portion of an antibody constant region derived from a human antibody. &
“hurnamized form” of an antibody, e.g., a non-human antibody, refers to an antibody that has undergone
hurpanization.

The “class” of an antibody refers to the type of constant domain or constant region possessed
by its heavy chain. There are five major classes of antibodies: IgA, 1eD, 1gE, 1g6G, and IgM, and geveral
of these may be further divided inio subclasses (isotypes}, e.g., IgGy, 186G, Gy, 180y, Ig4,, and Igas.
The heavy chain constant domains that correspond to the different classes of nmunogiobuling are
called @, 8, &, v, and p, respectively.

The termn “Fe region” heretn is used to define s C-terminal region of an fmvnunoglobulin heavy
chain that containg at least a portion of the constant region. The term includes native sequence Fo
regions and variant Fo regions. In one embodiment, a human Ig(s heavy chain Fe region extends from
Cys226, or fromn Pro230, to the carboxyl-terminus of the beavy chain, However, the C-terminal fysing
{Lys447) of the Fo region may or may not be present. Unless otherwise specified herein, numbering of
arning acid residoes in the Fo region or constant region is according to the BLY numbering system, also
called the BU index, as described in Rabat ef al., Sequences of Proteins of Immunclogical interest, 5th
Ed. Public Health Service, Nationa!l Institutes of Health, Bethesda, MDD, 1981,

The ermo “variable region” or “variable domain™ refers 1o the domain of an entibody heavy or
light chain that ts invelved in binding the antibody to antigen. The variable domains of the heavy chain
and hight chain (VH and VL, respectively} of a native antibody generally have similar siruciures, with
sach domain comprising four conserved framework regions (FRs) and thres hypervarisble regions
(HYRS). (See, e.g., Kindt e¢ ol Kuby Iumunclogy, 6% ed., WH. Freeman and Co., page 81 {20073 A
stngle VH or VL domain may be sufficient to confer antigen-binding specificity. Funthermore,
antibodies that bind a particular antigen may be solated using 2 VH or VL domain from an antibody
that binds the antigen o screen a library of complementary VL or VH domsins, respectively. See, .z,
Poriolanc ef af, J Immunol, 150:880-887 (1993); Clarkson ef af, Nature 352:624-628 {1991,

“Framework” or “FR” refers to variable domain residuss other than hypervariable region
(HVR) residuss. The FR of a variable domain generally consists of four FR domains: FRY, FRZ, FR3,
and FR4. Accordingly, the HVR and FR sequences generally appear o the following sequence in VH
{or Vi) FRI-HI(LIWFRI-HZE2WFREHILI-FRY.

A Mhuman consensua framework™ is a framework which represents the most conunonly
gcourring aming acid residues in 2 selection of human tomunoglebulin VL or VH framework
sequences. Generally, the selection of human imvounoglobulin VL or VH sequences is from a subgroup
of variable dorpaio seguences, Generally, the subgroup of sequences is g subgroup as in Kahat 22 af,

Seguences of Proteing of Immunological Interest, Fitth BEdition, NIH Publication 91-3242, Bethesda
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M {1991}, vols, 1-3. In one embodiment, for the VL, the subgroup is subgroup kapps | as in Kabat ef
af., supra. In ong erabodiment, for the VH, the subgroup is subgroup UF as in Kabat of ¢, supra.

The term “hypervariable region”™ or “HVR,” as used herein, refers to each of the reglons of o
antibody variable domain which are hypervariable in sequence and/or form structurally defined loops
{“hypervariable loops™}. Generally, native four-chain antibndies comprise six HYRs; theee in the VH
{F1, H2, H3), and three in the VL (L1, L2, L3}, HVRs generally comprise smine acid residuss from the
hypervariable loops and/or from the “complementarity determining regions” (CDRs), the lstier being of
highest sequence variability and/or involved in anligen recognition. Exemplary hypervariable loops
oocur al aming acid residues 26-32 (L1, 30-582 (1.2}, 8196 (1.3}, 26-32 (H1), 53-85 (J12), and 86-101
{3}, (Chothia and Lesk, J Mol Bicl 195:901-017 {19873 Exemplary CDRs (CDRALL, CDR-12,
CR-L3, CDR-HE, CDRA-HZ, and CDR-HSI ) ocour at amino acid residues 24-34 of L1, 38-36 of L2, 88.
97 of L3, 31-358 of H1, 30-65 of H2, and 95-102 of H3. (Kabat et al.. Sequences of Proteins of
fmmunnlogical interest, Sth Bd. Public Health Service, Mations] Institutes of Health, Bethesda, MD
{1991}.) With the exception of CDIR1 in VH, CDRs generally comprise the amino acid residues that
form the hypervariable loops. CDRs also comprise “specificily determining residues,” or “SDRs,”
which are residues that contact antigen. SDRs are contained within regions of the CDRa called
abbreviated-CDRs, or a-CDRs. Exernplary a-CORs (o-CDRALL, 2-CDR-L2, o-CDR-LE, s-CDRAHI, g-
CDR-HZ, snd a-CDR-H3)Y occur at amino acid residues 31-34 of 1.1, 30-55 of 1.2, 8096 of 1.3, 31-358
of H1, 50-38 of H2, and 23102 of H3. (See Almagro and Fransson, Front Bioscd, 1318191633
{2008}, Unless otherwise indicated, HVR residues and other residues in the variable domain {e.g, FR
residues) are nombered hersin sccording o Kabat e af, supra.

An “acceptor buman framework” for the purposes herein is a framework comprising the aming
acid sequence of a Hght chain variable domain (V1) framework or a heavy chain variable domain (VH)
framework derived from a humean inwounoglobulin framework or 2 human consensus framework, as
defined below. An acceptor human framework “derived from™ a human immunoglobulin famework or
a human consensus framework may comprise the same aming scid sequence thereof, or it may contain
aming zoid seguence changes. In some embodiments, the number of amino acid changes are 10 or less,
S or less, 8 or less, 7 or less, 6 or less, 5 or less, 4 or less, 3 or less, or 2 or less, In some embodiments,
the VL acceptor buman framework is identical in sequence 1o the VL hnonan mmunoglobulio
framework sequence or human consensus framework sequence.

*Affinity” refers to the strength of the sum total of noncovalent interactions between a single
binding site of a molecule {e.g., an antibody) and i3 binding pariner {e.g., an antigen), Unless indicated
otherwise, as wsed herein, “binding affinity” refers to mtringsic binding affinity which reflects a 111
interaction between members of a binding pair {e.g., antibody and antigen). The affinity of a molecule
¥ for s pariner Y can generally be represented by the dissociation constang {Kd). Affinity can be
measured by cormmon methods known in the art, including those described herein. Specific illustrative

and exemplary embodiments for measuring binding affinity are deseribed in the following.
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An “atfinity matured” antibady refers to an antibody with one or mors alterations in one or
e ypervariable regions (HVRSs), compared to 2 parent antibody which does not possess such
alterations, such alterations resulting in an mprovement i the affinity of the antibody for antigen.

An “inynunceonjugate” is an antibody conjugated 1o one or more heterologous melesule(s),
inchading but not limited o a cvictoxic agent.

The term “eytotoxic agent” as used herein refers to g substance that inhibiis or prevenis a
cellular function and/or causes cell death or destruction. Cytotoxic agents include, but are not limited
to, radivactive isotopes {eg, AP TP TP v Re'™ Re'® 8m'® B8 P2, PR and radioactive
tsoiopes of Lu); chemotherapeutic sgents or drugs (e.g., methoirexats, adriamicin, vinca alkaloids
{vincristing, vinblasting, etoposide), doxorubicin, melphalan, mitomycin €, chlorambusil, daunorubicin
or other intercalating agenis); growth inbibitory agents; enzymes and fragments thereof such a8
mucleolyiic sneymes; antibiitics; toxing such as small molecule toxine or enzymatically active toxing of
bacterial, fimgal, plant or animal origin, including fragments and/or variants thereof) and the various
antiturpor or anticancer agenss disclosed below,

“Effector funciions” refer to those biological activities atiributable to the Fe region of an
antibody, which vary with the antibody isotype. Examples of antibody effector functions include: Clg
binding and complement dependent cviotoxicity {CDC); Fo receptor binding; antibody-dependent ceil-
mediated cyiotoxicity (ADCC), phagooytosis; down regulation of cell surface receptors {e.g. Becell
receptor); and B-cell activation,

Axn “isolated antibody” is ong which bas beso separated from a component of its natural
enviromment. In some embodiments, an antibody is punified to greater than 95% or 99% purity as
determined by, for example, electrophoretic {e.g., SDE-PAGE, isoclectric focusing {IEF), capillary
alectrophoresis) or chromatographbic {e.g., ion exchange or reverse phass HPLD), For review of
methods for assessiment of antibody purity, see, e.g., Flatman et ol J Chromatogr. B §848:79-87
{2007Y.

An "isolated nucleie acid” refers to 8 nucleie scid molecule that has been separated from a
component of its natural environment. An isolated nucleic acid includes a nucleic acid moleculs
coriained in cells that ordinarily contain the nucleie acid moleculs, but the nmucleic acid molecule is
present sxtraclwomosomally or at g chromosomal iocation that is different from its natural
chromosomal location.

“Isclated nucleic acid encoding an anti-FeRHS antibody™ refers to one or more nucleie acid
molecules enceding antibody heavy anid light chains {or fragments thereof), inchiding such mucleic acid
molecule(s) in a single vector or separate vectors, and such nucleic acid molecule(s) present at one or
maors locations in a host cell,

The term "vectorn,” as used herein, refers o a nucleic acid molecule capable of propagating
ancther nucleic acid to which it is Unked. The term includes the vector as & self-replicating nucleic acid

atructure as well as the vector incorporated into the genome of a host cell into which it has been
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introduced. Certain vectors are capable of dirgeting the sxpression of nucleis acids to which they are
epsratively Hnked. Such vectors are referred to herein as “expression vectors.”

The terms “host gell,” “host cell line,” and “host cell culture” are used interchangeably and
refer 1o cells into which exogenous nucleic acid has been introduced, including the progeny of such
ceils. Host cells include "ransformants” and “transformed cells,” which inchude the primary
transformed cell and progeny derived therefrom without regard to the mumber of passages. Progeny
may not be completely identical in nucleic acid content 1o 8 parent cell, but may contain moutations,
Mutant progeny that have the same function or biclogical activity as screened or selected for in the
originally transformed cell are included herein,

As used hersin, “treatment” {and graramatical variations thergof such as “treat” or “treating’™)
refers to clinical indervention in an attempt (o alter the vatural course of the individusl being treated,
and can be performed either for prophyiaxis or during the course of clinies! pathology. Desirable effects
of treatment inchade, but are not limited to, preventing eccurrence or recurrence of disease, alleviation
of symptons, dininishment of any direct or indirest pathological consequences of the diseass,
preventing rmetastasts, decreasing the rate of diseass progression, amehioration or palliation of the
disease state, and remission or nproved prognosia. In some embodiments, antibodies provided herein
are used o delay development of 3 disease or to slow the progression of a disesse,

The terms “cancer” and “cancerous” refer (o or deseribe the physiologival condition in
mammals that is {ypically characterized by unregulated cell growth/proliferation. Examyples of cancer
inchude, bt ars not limited to, carcinoma, lymphoma {e.g., Hodgkin's and non-Hodgkin's lymphoma),
blastoma, sarcoma, and leukemia. More particular examples of such cancers inchide sguamous cell
cancer, small-cell lung cancer, non-small cell lung cancer, adenocarcinoma of the lung, sguamous
carcinoma of the hung, cancer of the peritoneum, hepatocellular cancer, gastrointestinal cancer,
pancreatic cancer, ghoma, cervical cancer, ovanan cancer, biver cancer, bladder cancer, hepatoma,
hreast cancer, colon cancer, colorectal cancer, small intestine cancer, endomeina! or uterine carcinoma,
salivary gland carcinoma, kidney cancer, liver cancer, prostate cancer, vulval cancer, thyroid cancer,
hepatic carcinoma, leukemis and other lymphoproliferative disorders, and various iypes of head and
neck cancer.

A TB-cell malignaney™ herein inchudes non-Hoedghkin's vmphoma (NHL), including low
grade/follicular NHL, small tyrophooytic (S1}) NHL, intermediate grade/follicular NHL, intermediate
grade diffuse NHL, high grade imenunoblastic NEL, high grade lymphoblastic NHE, high grade small
non-cleaved cell NEL, bulky disease NI, mantle cell lymphoma, ATDSrelated lymphoma, and
Waldenstrom's Macrogiobulinemia, non-Hodgkin's lymphoma (KEL), lyrophoecvie predominant
Hodgkin's disease {LPHD), small bymphocytic lymphoms {811}, chronic byrophocytic levnkemia (CLL),
indolent NHL including relapsed indolent NHL and rituximab-refraciory indolent NHL; leukemia,
meluding acute lymphoblastic leukemia (ALL), chronic ymphocytic teukermis {CLLY, Hairy cell

leukemia, chronic myeloblastic leukemia; mantle cell lvophoma; and other hematologic malignancies,
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Such malignancies may be treated with antibodies directed against Becell surface markers, such as
FcRHS {e.g., FeRHSc). Such disesses are contemplated herein o be treated by the administration of an
gntibody directed against g B-cell surface marker, such a3 FeRHS {e.g., FeR¥S¢), and includes the
administration of an unconjugated {Mnaked™) sntibody or an antibody conjugated to a cyiotoxic agent as
disclosed herein. Such diseases are also contemplated herein to be treated by combination therapy
incloding an enti-FeRHS antibody {including FeRHS bispecific antibody} or anti-FeRHS antibody drug
conjugale in combination with another antibody or antibody drug conjugate, ancther cyviotoxic agent,
radiation or other treatmnent administered sinultaneously or in serigs,

The term "non-Hodgkin's lvmphoma” or "NHL", as used herein, refers to a cancer of the
tymphatic systern other than Hodgkin's ymphomas. Hodgkin's lymphomas can generally be
distinguished from non-Hodghin's lymphomas by the presence of Resd-Stemberg cells in Hodgkin's
Frmphomas and the absence of said cells in non-Hodgkin's lymphomas, Examoples of non-Hodghkin's
bymphomas encompassed by the termn ag used herein include any that would be identified as such by
one skilled in the art {e.g., an oncologist or pathologiat) In accordance with classifieation schemes
known in the art, such as the Revised European-American Lymphoma (REAL} scheme as described in
Color Atlas of Clinical Hematology (3rd edition), A, Victor Hofforand and John E. Pettit {ads.}
{Farcourt Publishers Ltd,, 2000). See, in particular, the Hsis in FIGE, 1157, 11,58 and 11,58, Mors
spectfic examples mclude, but are not limited to, relapsed or refractory NHL, front line low grade NHIL,
Stage HETV NHL, chemotherapy resistant NHL, precursor B Iymphoblastic leukemia andfor
lymphaoma, small lyrophoeytic lyrephoma, B-cell chronic [ymphocytic leukemia snd/or prolymphocytic
leukenda and/or sreall yvoaphoeytic lymphoros, B-cell prolymphooyvtic lyraphoros, mmunecyioma
and/or lyrophoplasmacytic Iymphorma, Iymphoeplasmacytic Iymphome, marginal zone Bewell lymphoma,
splenic marging] zone lymphoma, extranodal marginal zone--MALT lyvmphomas, nodal marginal zone
bymphoma, hairy cell lenkemia, plasmacyioma and/or plasma cell myeloma, low grade/follicular
bymphoma, intermediate grade/foliicular NHEL, mantle cell lvmphoma, follicle canter lymphoma
{follcular), intermediate grade diffuse NHL, diffuse large B-cell lyrophoma, aggressive NHL
{inchuding aggressive front-line NHL and aggressive relapsed NHL), NHL relapsing after or refractory
0 auntologous stem oell ransplaniation, primary mediastinal large B-cell lyrophoma, primary effusion
iymphoma, bigh grade immunoblastic NHL, high grade lymphoblastic NHL, high grade small non-
clesved cell MHL, bulky disease NIL, Burkitt's Ivinphoma, precursor {poripheral) large granular
Iymphocytic leukemia, mycosis fungoides snddor Sezary syndrome, skin {cutansous} lymphomas,
anaplastic large cell lyrophoroa, angiocentric tymphora.

Plasma cells disorders rasult from the uncontrotled division or muitiplication of g plasma cell
clone. Plasma cells arise from sctivated B lymphocoyies (Lo, B-cellsh. Each B-cell praduces a vunigue
receplor, known a3 the B-cell receptor, arrayed on s osl surface that is specific for a foreign
substance, L.e., antigen. When a B-cell recepior binds iis cognale antigen, the cell expressing the

receptor is activated to re-enter the cell cyels, producing many clonal copies of itself The clones
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mature inte plasma cells that reside principally in the bone marmrow and that are specialized 1o produce
copies of the B-cell receptor that are released into the blood stream as antibodies. In a plasma cell
disorder, the plasma cell or the parent B-cell suffers genstic damags resulting in suppression of or
insensitivity to the nonmal restraints on cell division and/or activity. Daughter plasma cells derived from
such celis are malignant in that they may divide unchecked and/or generate excess amount of the same
wamunoglobulin antibody) Gften the snmunoglobulin produced s incomplete or has an Incorrect
conformation that can result in accumulation of the protein {also known as monoclonal protein, M
protein, paraprotein or amyloid protein, dependent on the specific disorder) in the serum, tissues or
prgans {especially the kidnevs}, leading to organ dysfunction and/or fatlurg. Plasma cell disorders
inchide monoclonal gammopathies of undetermined significance (MGUS), multiple myeloma (MM},
macroglobulinemia, heavy chain discases, and systemic Hght-chain amyvloidosis (AL}, which are
differentiated based on the proliferative nature of the clone, the extent of marrow invalvernent, and the
type of M protein expressed. Additional plasma cell disorders are solitary plasmacyitoma,
extramedullary plasmacytoma, multiple solitary plasmacytornas, plasma cell leckemia, Waldenatrom's
macroglobulinaemia, B-cell non-Hodgkin lymphomas, B-cell chronie lymphoeytic feukenya,

The term “FeRHS -positive cancer” refers 1o & cancer comprising cells that express FeRHS on
their sarface. For the purposes of detenmining whether a cell exprasses FeRHS on the surface, FeRHS
mRANA expression is considered to corrslate to FORHS expression on the cell surface. In some
smbodiments, expression of FoRH3 mRNA is determined by 8 method selected from in situ
hybridization and RT-PCR {including quantitative RT-PCR). Altematively, expression of FeRES on the
cell surface can be determined, for example, using antibodies to FcRHS in a method such as
irmmunchistochemistry, FACS, gic. In some embodiments, FeRHS is one or more of FeBHSa, FeBHSh,
FeRHS¢, UniProt Kentifier Q96RDS-2, and/or FeRHSd, In some embodiments, the FeRHS is FeRHSc.

The term “FeRHS-positive call” refers 1o 3 cell that expresses FeRHS on its surface. In soms
embodiments, FeRHS is ong or more of FeRHSa, FoRHESh, FeRHSc, UniProt Idantifier Q98RDS-2,
and/or FeRI3d. In some embodiments, the FeRHS is FeRFSq,

An “effective gmount™ of an agent, e.g., a pharmacentical formulation, refers to an amount
stfective, at dosages and for periods of time necessary, to achieve the desired therapeutic or
prophylactic result.

An “individual” or “subject” i5 8 mammmal Marmumals include, but are not lmited to,
domesticated animals {e.g., cows, sheep, cais, dogs, and horses), primates {e.g., humans and non-human
primates such as monkeys), rabbits, and rodents {e.g., ouice and rats). In certain embodiments, the
individual or subject is 2 human.

The term “package msert” is used o refer to mstructions cusiomanty included in commercial
packages of therapeutic products, that contain information about the mdications, usage, dosage,
administration, combination therapy, contraindications and/or warnings concerning the use of such

therapeutic products.

o
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The term “pharmaceutical formulation” refers 1o a preparation which Is in such form asto
perroit the biclogical activity of an active ingredient contained therein t be effective, and which
condains no additional components which are unacceptably toxic to 2 subject to which the formulstion
would be administered.

A “pharmaceutically acceptable carrier” refors 1o an ingredient in a pharmaceutical
formulation, other than an active ingredient, which is nontoxic o a subject. A pharmaceutically
acceptable carrier inchudes, but is not Hinited to, a buffer, excipient, stabilizer, or preservative,

“Alkyl” is ©1-01 g bydrocarbon containing normal, secondary, tertiary or cyclic carbon atoms,
Examples are mathyl (Me, -CHza}, ethyl (B, -CHzCH3), -propyl (n-Pr, nepropy], -CHCHRCHa), 2-
propyt (P, propyl, -CH{CH ) Dhand (5-Bu, o-batyl, -CHaCHoCH2CH), Z-methyl-1-propyl {i-
Bu, i-butyl, -CHoCH{CH ), 2-butyl (5-Bu, s-butyl, -CH{CHCHACH3), 2-methyl-2-propyl (-By, -
butyl, “C{CH), Lpeniyl npeatyl, -CHpCHyCH2CHARCH Y)Y, 2-pentyl (CCH{CH)CHRCHy CHA Y, 3-
pentyl (CCHCH2CH), Somethyl-2-butyl CGO{CH ) CHCH S, S-methyl-2-butyl {-
CHICHDCR(CH )23, 3-methyl-1-butyl {(CHACH»CHCH )3, 2-methyl-1-butyl -
CHoCH{CHYCH2CHR), hexyl ((CHyCHCHpCHpCH CHY, 2-hexyl (-
CHECH3 Y CHRCHpCHpUH Y, 3-henyl (CH{CHUH{CHaCHOCH3 Y, Zemethyl-2-pentyl -
CICH3 P CHaCHACH ), 3-methyl-2-pentyl ((CRICHDCHCH Y HCH ), 4-methyb2-pentyl {~
CHCH ) CHCHICH Y, 3-methyi-3-pentyl (OUCHIWCHCHy Y, 2-methyl-3-pentyl {-
CH{CH2CHEDNCHE H ), 2.3-dimethyl-2-butyl GCCH1pCHICH ), 3,3-dimethyi-2-butv] {-
CH{CHC{CH3 )3, The term “C-Cy atkyl,” a3 used herein refers (o a straight chain or branched,
saturated or unsaturated hydrocarbon having from 1 1o 8 carbon atoroes, Representative 0 -Cg alkyl”
groups include, but are not Hoited (o, ~-methyl, ~ethyl, -p-propyl, ~-n-butyl, ~repentyl, -n-hexyl, -n-
heptyl, -n-ocivi, -u-nonyi and -n-decyl; while branched C.-Cy alloyls include, but are not limited o, -
isopropyl, ~sec-butyl, isohuiyl, ~fert-butyl, -isopenty], Z-methyibutyl, ensaturated C,-Cy alkyls nclude,
but are not Hmited to, -vinyl, -allyl, ~1-butenyl, ~2-butenyl, -isobutylenyl, -1-pentenyl, -2-pentenyi, -
S-methyl-1-butenyl, -2-methyl-2-butenyl, -2,3-dimethyl-2-butenyl, I-hexvl, 2-hexyl, 3-hexyl,-
acetylenyl, -propyryl, ~1-butyryl, -2-butynyl, -F-pentvoyl, -2-pentynyi, -3-maethyl=1 butyrvl, A C-C,
alkyl group can be unsubstituted or substituted with one or more groups including, but not Hmdted to, -
Ci-Cg allovl, 000y alkeyD), -aryl, -C{OIR’, -OCIOR’, -CHONOR?, -CIOWH, |, -CIONHRS, -
CLOPNIRY, -NHCOR, -S0:R°, -5{OLRC, -SUR", -OH, ~halogen, -N; , -NH;, -NH{R"), -MN{R’}, and
-CN; where each R is independently selected from H, -C-Cs alkyl and aryl,

The term “C~C; alkyl” as psed herein refors 1o a straight chain or branched, saturated or
unsaturated hydrocarbon having from 1 t0 12 carbon atoms. A C-Cy; atky! group can be unsubstituted
or substituted with one or more groups including, but not Hmited to, -0 -Cs alkyl, -O-{C-Cy alkyl}, -

aryl, -C{OR’, -OCOIR", -C{OOR’, -CION, |, -COMNHR, JC{OMNR ™, -NHCOIR”, -S80:R°, -

23



10

i5

20

30

WO 2014/210064 PCT/US2014/043952

S{OLR’, -5(HR’, -OH, -halogen, N3, -NH,, -NH{E"}, -N{E’} and -CN; where cach R is
independently selected fom H, -C-Cs alkel and arvl

The term “Ci-Cs alkyl,” as used herein refers to a straight chain or branched, saturated or
unsaturated hyvdrocarbon having from | to 6 carbon atoms. Representative “C-C; alkyl™ groups
mehude, but are not Bmited to, -methyl, -ethyvl, wepropyl, -n-butyl, -n-penmtyl, ~and n-hexyl; while
wranched C-Cg atkyls include, but are not Hintied to, -isopropyl, ~sec-butyl, -isobutyl, ~er-butyl, -
isopentyvl, and Z-methylbutyl; unsaturated C-C¢ alkyls Inchude, but are not limited to, -vinyl, -allyl, -
I-butenvl, ~2-butenyl, and -isobutylenyvl, -L-pentenyl, ~Z-pentenyl, -3-methyl-1-butenyl, -
Z-roethyl-2-butenyl, ~2,3-dimethyl-2-butenyl, 1-hexyl, 2-bexvl, and 3-hesyl. A -Gy alkyl group can
be unsubstituted or substituted with ong or more groups, as described above for Ci-Cp alkyvl group.

The term “C-Cy alkyl” as wsed herein refers to a straight chain or branched, saturated or
unsaturated hydrocarbon having from 1 to 4 carbon atoms. Representative “C-Cy alkyl” groups
nclude, but are not limited to, -methyl, -ethyl, -n-propyl, -n-buivi; while branched C-Cy alkyls include,
but are not lmited 1o, -isopropyl, -sec-butyl, -isobutyl, -fert-brutyl; unsaturated C-C; alkyvls include, but
gre not Hmited to, ~vinyl, -allyl, -1 -butenyl, -2-butenyl, and <sobutylenyvl A C-C, alky! group can be
unsubstituted or substituted with one or more groups, as described above for €Oy allyl group.

“Adkoxy” ig an allyl group singly bonded 1o an oxygen. Exemplary alkoxy groups inchade, but are
ot limited to, methoxy (-O0H;)Y and ethoxy ((OCHCH; ) A “Ci-Cs alkoxy™ is an alkoxy group with 1 to
5 carbon atorns, Alkoxy groups roay can be unsubstituied or substitted with one or more groups, as
described above for alkyl groups,

“Alkenyl™ is Cp-C1 8 hydrocarbon containing normal, secondary, teriary or cyclic carbon
atoms with at Jeast one site of unsaturation, f.e. a carbon-carbon, sp double bond. Examples include,
but are not limited to: ethylane or vinyl {(-CH=CH;), allyl {- CHCH=CH;), eyclopentenyl (-CsHy), and
S-hexenyl (-CH: CH,CH,CH,CH=CH,}. A “C.-C; slkenyl” is a hydrocarbon containing 2 to 8 normal,
secondary, tertary or evclic carbon atoms with at least sne site of unsaturation, i.e. a carbon-carbon, 55
double bond.

*Adkynyl” is £2-C1 g hydrocarbon containing normal, secondary, tertiary or cycelic carbon
atorns with at least one site of unsaturation, Le. a carbon-carbor, sp iriple bond. Examples include, but
are not Himited o0 acetylenic (-C=CH)Y and propargyt (-CHC=CHY A “Co-Cy alkynyl” is a hydrocarbon
containing 2 to 8 normal, secondary, tertiary or eychic carbon atoms with at least one site of
unsaturation, Le. a carbon-carbon, sp triple bond,

“Alkviene” refers 1 a saturated, branched or straight chain or cyelic hydrocarbon radival of 1418
carbon atoms, and having two monovalent radical centers derived by the ramoval of two hydrogen atoms
from the same or two different carbon stoms of a parent alkane. Typical alkylene radicals inchude, but are
not imited to: methylene ((CHs-3 1 2-ethyl (-CHCH;-), 1 3-propyt (CCHCHCH:-3, 1,4-butyl
{~-CH,CHLCH,CH-3, and the like.
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A0 -Chp alkylens™ I a straight chain, saturated bydrocarbon group of the formula -(CHg b o
Examples of a £;-Cyo alkylene include methylens, ethylens, propylene, butvlene, pentylene, hesylene,
heptviene, ooytviene, nonviene and decalene,

“Alkenyiens” refers to an unsaturated, braoched or straight chain or oyclic hydrocarbon radical of
2-18 carbon atoms, and having two monovalent radical centers derived by the removal of two hydrogen
atoms from the same or two ditfferent carbon atoms of a parent atkene. Typical alkenviene radicals inchude,
but are not Emited o 1 2-ethylene {~CH=CH-).

“Alkynyiene” refers to an unsanirated, branched or straight cham or cyelic hydrocarbon radical
of 2-1 8 carbon atoms, and having two menovalent radical centers derived by the removal of two
bydrogen storns from the same or two different carbon atoms of 4 parend atkyoe. Typical alkvoviens
radicals nclode, but are not lmeied tor acetylene {(-CaCo), propargy] (CCHC=C-3, and 4-pentynyt
(-CHOHCHC=0-),

*Aryl” refers to a carbooyehc sromatic group. Examples of aryl groups include, but are not
limited to, phenyl, nephthyl and anthracenyl. A carbocyelic aromatic group or a heterocyelic aromatis
group can be unsubstituled or substituied with one or more groups inchiding, but not Hmited to, -00;-Cy
alkoyl, ~C-{Cy-Cy alkeyd), ~arvl, -CEOHR’, -OC{OIR’, <C{OYOR”, -CIONH, |, -C{OIMHRY, -CHOMNR Y -
NHC{GIR, -8(ORR°, -5{OIR’, -OH, -halogen, -MNy  -NE,, -NHR), -NR ) and -CN; wherein each B’
is independently selected from H, -C,-Cy alkyl and arvl

& “C5-Cap aryl” is an aryl group with 5 1o 2¢ carbon atoms in the carbocyelic aromatic rings.
Examples of C5-Cqp aryl groups include, but are not limited to, phemyvl, naphthyl and anthracenyl. A Cs-
{yo aryl group can be substituted or unsubstituted as described above for aryl groups. A “Ce-Chy oyl is
an aryl group with § to 14 carbon atoms in the carbocyelic aromatic rings. Examples of Os-C iy aryl
groups include, but are not Hmited fo, phenyl, naphthyl and anthracenyl, A Cs-Cyy aryl 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 orthe, meta, or

para configurations as shown in the following structures:

in which the phenyt group can be uonsubstitated or substituted with up to four groups including, but not
Hmited to, -Ci-Lg alkyl, «O-(C-Cy alivyl}, -aryl, -C{OIR’, -OC{OWR’, -C{OWOR", -CEOMNE, , -
CEONHR®, -C{OMNR): -NHCOR, ~-S{ORR°, -3{(MR’, -OH, -halogen, -Ny | -NHL, -NHER"), -MR’ )
and ~CN; wherein each R is independently selected from H, -C,~Cs alkyl and arvl.

“Arylalkyl” refers 1o an acyelic alkoyl radical in which one of the hvdrogen atoms bonded o a
carbon atom, typically a terminal or sp” carbon atom, is replaced with an arvi radical. Typical arylaliod
grovps inclede, but are not Hinited to, beneyl, Z-phenyiethan-1-v], 2-phenviethen-1-v], naphthyvimethyl,

Z-naphthylethan-1-vl, Z-naphthyviethen-1 -y}, naphthobenzyl, 2-naphthophenylethan-i-y] and the like.
25
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The arvialkyl group comprises § 1o 20 carbon atoms, e.g. the alloyl moiety, including alkanyl, alkenyt or
atkyuyl groups, of the arylalkyl group is 1 o 6 carbon atoms and the aryl modety is 5 to 14 carbon
aloms.,

“Heteroarylalky!” refors w0 an acyelic alkyl radical in which one of the hydrogen atoms bonded
to a carbon atom, typically a terminal or sp’ carbon atom, is replaced with a hetervaryl radical. Typical
heteroaryviatkyl groups include, but are not Umited to, 2-benzimidazelylmethyl, 2-furviethyl, and the
like. The hetercarylalkyl group comprises 6 to 20 carbon atoms, e.g. the alkyl moiety, including
atkanyl, alkeny! or slkynyl groups, of the heteroarylalind group is 1 to § carbon atoms and the
heteroaryi molety is 5 (¢ 14 carbon atoms and 1 10 3 heteroatoms selected from N, O, B, and 8. The
heteroaryl moiety of the heteroarylalky! group may be a monocyele having 3 to 7 ring members (210 6
carbon atorns or a bicyele having 7 10 10 ring members (4 (0 9 carbon atoms and 1 to 3 heterpatoms
selected from N, O, P, and 8), for example: 3 bicycle [4,5], [5,5], 15.6], or [6,6] system.

“Suobatituted alleyl,” “substituted aryl” and “substituted arvlalkyt” mean allkyl, aryl, and
arvlatky! respectively, in which one or more hydrogen atoms are each independently replaced with a
substituent. Typical substituents include, but are not limited to, -X, -R, -0, 0K, -8R, -&, -NR,, -NR,,
=NR, UKy, -CN, -OCN, -5CN, N=C=0, NCB, NG, NGy, =N, Ny, NCEOR, -CE=0R, -
CEQINR,, -8y, -80:H, ~S8(=04R, -O8E0LOR, -SECGLNR, -8EOR, OPEOHOR ), -PEOYOR Y,
POy, PO, CCEOIR, -CEOX, -Ce=5R, -C0R, -CO,, -CESIOR, -CEOSR, -O=8SR,
~CEOINR,, ~C(=81NR,, ~-CE=NRINR,, where sach X is independently g halogen: F, CL Br, or [ and
each R is independently -H, C-Cyp alkyl, Cp-Cyp aryl, O5-Ch heterooyele, protecting group or prodrug
moiety, Alkylene, alkeoviene, and alkynyvlens groups as described above may also be similarly substituted,

“Heteroarvl” and "heteroeyele” refer to 2 ring system in which one or more ring atoms is a
heteroatom, e.g. nitrogen, oxygen, and sulfar. The beterocyele radical comprises 3 1o 20 carbon atoms
and 1 1o 3 heteroatoms selected from N, (G, P, and 8. A heterocyele may be 3 monoeycle having 3 to 7
ring mentbers {2 1o & carbon atoms and 1 1o 3 heteroatoms selected fom N, O, P, and 8} or a bicycle
having 7 ¢ 10 ving members {4 {0 8 carbon atoms and 1 (o 3 hetercatoms selected from M, O, B, and 8),
for example: a oyelo {4,531, [5.5], {5,6], or [6.6] system,

Exemplary heterocyeles are described, e.g., in Paquette, Leo A, “Principles of Modem
Heteracyelic Chemistry” (WA, Benjaroin, New York, 1968), particularly Chapters 1, 3,4, 6, 7, and 9;
“The Chemistry of Heterocyclic Compounds, A series of Monographs” (John Wiley & Sons, New
York, 1930 to present}, i particular Volumes 13, 14, 16, 19, and 28; and /2. Am. Chem. Soc. (19640}
82:5566.

Examples of heterocycles inchude by way of example and not lmitation pyridyl,
dihydroypyridyl, tetrahydropyridyl (piperidyl}, thiavolyl, tetrabydrothiopheny!, suifir oxidized
wetrahydrothiophenyl, pyrimidinyd, furanyl, thienyl, pyrrolyl, pyrazolyl, imidazolyl, tetrazolyl,
henzofuranyl, thianaphthalenyl, indolyl, indolenyl, quinolinyl, isoguinolinyl, benzimidazeivl,

piperidinyl, 4-pipenidonyl, pyrrolidingl, 2-pyrrolidonyl, pyrrolingl, tetrahydrofuranyl, big-
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tetrahydérofuranyl, tsetrahydropyranyl, bis-tetrahydropyranyl, tetrabydroguineliny,
tetrahvdroisoquinelingl, decahvdroquinolingl, cctahydroisoguinolinyl, azociny, triazinyl, 68H-1,2,3-
thisdiazinyl, 2H,6H-1,5,2-dithiazinyl, thieoyl, thianthrenvl, pyranyl, isobenzofuranyl, chromenyl,
xanthenyl, phenoxathiny!, 2H-pyrrodyl, isothiazolyl, isoxazolyl, pyrazinyl, pyridazinyt, indeliziny,
isoindolvl, 3H-indelyl, 1H-indazolvl, purinyl, 4Heguinelzinyl, phthalazinyl, naphthyridioy],
guinoxatinyt, gquinazelinyl, cinneliny, preridiny, 4aH-carbazolyi, carbazobvl, B-carbolinyl,
phenanthridinyl, acridinyl, pyrimidinyl, phenantheoliny], phenazinyt, phenothiazinyl, furazanyl,
phenoxazinyl, isochromeanyl, chromanyl, mmdazolidinyl, imidazolinyl, pyrazolidingl, pyrazolinyl,
piperazinyl, indelinyl, iscindolinyl, quimschdinyl, morpholinyl, oxazolidinyt, benzotriazolyl,
benzisoxazolyl, oxindolyl, benzoxazolinyi, and isatinoyl.

By way of example and not lmitation, carbon bonded heterocyeles are honded at position 2, 3,
4, 5, or & of a pyridine, position 3, 4, §, or 6 of a pyridazine, position 2, 4, 8, or § of 3 pyrimidine,
pogition 3, 3, 5, or 6 of a pyrazine, position 2, 3, 4, or 3 of a furan, tetrehydrofuran, thiofumn,
thiophene, pyrrole or tetrshydropyrrole, position 2, 4, or 5 of an oxazole, imidazole or thiszole, position
3,4, or 5 of an isoxazole, pyrazole, or isothiszele, position 2 or 3 of an aziridine, position 2, 3, or 4 of
an azstidine, position 2,3, 4, 5,6, T, or Bof a quinoline orposition 1,3, 4, 5,6, 7, or & of an
isoguinoline. Sl more typically, carbon bonded heterocyeles include Z-pyridyl, 3-pyridyl, 4-pyridyl,
S-pyridyi, G-pyridyl, 3-pyridazinyl, 4-pyridazinyl, S-pyridaziny, G-pyridazinyl, 2-pyrimiding, 4-
pyrisaidinyt, S-pyrimidiny], S-pyrimidioyy, 2-pyrazinyl, 3-pyrazinyt, S-pyrazinyl, d-pyrazinyi, 2-
thiazolyl, 4-thiszolyl, or S-thigzolyl

By way of example and not Hmitation, nitrogen bonded heteroeyeles are bonded at position 1 of
an aziriding, azetiding, pyrrole, pymrolidine, 2-pyrroling, 3-pyrroling, imidazole, imidazolidine, 2-
imidazoiing, 3-imidazoline, pyrazole, pyrazoline, Z-pyrazoline, 3-pyrazoling, piperiding, piperazine,
indole, indoling, 1H-indazole, position 2 of a isoindele, or iseindoline, position 4 of a morpholing, and
position ¥ of a carbazole, or Brcarboline. Sdll more typically, nitrogen bonded heterocyeles mchude 1-
aziridyl, l-azetedyl, I-pyrrolyl, Himidazolyl, T-pyrazolyl, and 1-piperidinyl.

A “05-Cq heterocyele” refors 1o an aromatic or non-aromatic O5-C carboeyele in which one to
four of the ring carbon atorns are independently replaced with a heteroatom fromn the group consisting
of (3, 8 and M. Representative examples of a C-Cy hetervoyele include, but are not lmited to,
benzofuranyl, benzothiophene, indolyl, benzopyrazolyl, coumarinyl, isoguinoliny, pyrrolyl, thiophenyl,
furanyl, thiszolyl, imidazolyl, pyrazolyl, triazolyl, quinchinyl, pyrirnidinyl, pyridinyd, pyridonyl,
pyrazinyl, pyridazinyl, isothiazolyl, isoxazolyl and tetrazolvl. A C5-Cy heterocyele can be unsubsiituted
or substituted with up to seven groups including, but not Hmited 1o, -0-Cy alkyl, -0-{C,-Cg alkyl}, -
aryl, -CIOMR’, SOCOMRS, -CEMORT, -CLOINH, |, -CLOINER?, -CIOINR L -NHCIOR?, -S{ORR", -
S{OR°, -0, -halogen, -N; , -NH;, -NH(R), -N{R"} and -CM; wherein each &’ is independently

selected from H, -C,-Cy alkyl and arvlh
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“C4-Cy heterocyelo” refers to a C3-Cp heterogycle group defined above wherein one of the
heterocycle group’s hydrogen atoms is replaced with 2 bond. A €Ty hetersovelo can be unsubstituted
or substituted with up to six groups including, but not Hmited to, -C-Cg alkoyl, ~O-(C-Cy alkyl), ~arvl, -
CHNRT, OCOR’, -CLOMOR?, -CHOWNH, |, -CIOWHR, -CUNER Y, -NHCOW?, -SORR, -S{OWR,
~(OH, ~halogen, -Ny , -NH,, -NE(R"), -N{RE'}, and -CN; wherein each R is independently selected from
H, -C-Cs alkyt and aryl.

A 03-Cog heterocoyele™ refers o an aromatic or non-aromatic C3-Cy carbogyele in which one to
four of the ring carbon atoms arg independently replaced with a heteroatom from the group consisting
of (3, B and M. A C-Cyy heterooyele can be unsubstituied or substituted with up to seven groups
inchiding, bt not lmited to, -C)-Cy alleyl, ~O-{C-Cy atkyl), ~aryl, CIOMWRC, CGCOWR, SCEOXOR?, -
CENNY, , -CONHR, ~CENNE Y, -NHO{OWR, -8(0RR7, -S{OIR’, -DH, -halogen, -Ns , -NEH,, -
NEHR ), -N{R ™), and -CN; wherein each R’ i3 independently selected from ¥, -Cy-Cy alkyl and arvlh

“C-Cog heterocyelo™ refers to a OOy heterooyele group defined shove wherein ons of the
heterocyele group’s hydrogen stoms is replaced with a bond.

“Carbocyele”™ means a saturated or unsatuated ring having 3 to 7 carbon atoms as a monoeysle or 7 1o
12 carbon atorns as a bicycle, Monooyclic carbooycles have 3 to 6 ring atoms, sl more typically S or 6
ring atoms. Bicychic carboevelss have 7 to 12 ring atoms, e.g. arranged as a bicyelo {4,581, [53,51, [5,68] or
16,61 system, or ¥ or 10 ring atoms arranged as a bicyelo [5,6] or [6,6] systemn. Examples of monocyelhic
carbooyeles inciude cyclopropyl, cyvelobutyd, cyclopentyl, 1-cyclopant-1-enyl, 1-cvclopent-Z-enyi, 1-
cyclopent-3-envl, cyclohexyl, 1-cyclohex-1-enyl, 1-cyclohex-2-enyl, T-cyclohex-3-anyl, cyclohepivi,
and cyclooetyl

A0y carhocyele™ 18 g 3+, 4-, 8-, &-, 7- or 8-membered saturated or unsaturated non-
aromatic carbooychic ring. Representative O5-Cy carboeyceles include, but are not lmited 1o, ~
eycloprapyl, -«eyclobutyl, -cyclopsotyl, «wyclopendadienyl, -eyclohenyl, ~cyelohexenyl, «1,3-
cyclohexadienyl, -1 4-cyclohexadienyl, «cycloheptyl, -1 3~«cveloheptadienyl, -1,3.3-cveloheptatrienyl, -
eycloootyl, and -cyclooctadienyl. A C2-Cy carbooyele grovp can be unsubstituted or substituted with
one or more groups inchiding, but not hmited to, -C)-Cy alleyl, -0-{C-Cy alkyl), ~aryl, OO, -
GOONR, CEN0R, -CIOIKH, | -C{OINHR?, C{OWIR ), -NECIGIR?, -SEOLR", -S(OWR°, -OH, -
halogen, -Nj , -NH,, -NHR"), -MN{R); and -CN; where cach B s independendly selested from H, ;-
Cy alky! and arvl

AUy carbocyelo” refers to 2 Ci-Uy carbocyele group defined above wherein one of the
carbocycle groups’ hydrogen atoms is replaced with 3 bond.

“Linker” refers to a chemical motety comprising a covalent bond or a chain of stoms that
covalently attaches an antibody to a drug moisty. In various embodiments, lnkers inchuds a divalent
radical such as an alioyldivl, an arvidivl, a heteroarvidiyi, moteties such as: —{CRL,O{CR,)~, repesting
units of alkvlosy (e.g. polysthylenoxy, PEG, polymethyleneoxy) and alkylamine {e.g.

polvethylensamine, Jetffamine™); and diacid ester and amides meluding succinate, succinamide,
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diglyeolate, malonate, and caproamide. In various embodiments, linkers can comprise one or morg
amino acid residues, such as valine, phenvialanine, Iysine, and homolysine,

The term “chiral” refers to molecules which have the property of non-superimposability of the
mirror mage pariner, whils the term “achiral” refers to molecules which are superimposable on their
rirror image partner,

The term “sterecisomers” refers to compounds which have identical chemical constitution, but
differ with regard 1o the arrangement of the atoms or groups in space,

“LHasteremner” refers to 3 stergoisomer with two or more centers of chirality and whose
molecules are not mirror images of one another. Diastereomers have different physical properties, e.g.
melting points, boiling points, spectrs] properties, and reactivities. Mixtures of diastercomers may
separate under high resolution analytical procedures such as electrophoresis and chromatography.

“Enantiomers” refer €0 twi sterenisomers of 2 compound which are non-superimposable mirror
images of one another,

Stereochemical definitions and conventions used herein generally follow S. P, Parker, Ed.,
Melraw-Hill Dictionary of Chemical Terms {1984 McGraw-Hill Book Company, New York; and
fliel, E. and Wilen, 8., Stereochemisiry of Organic Compounds (1994} John Wilev & Sons, Inc., New
York. Many organic compounds exist in opticatly active forms, i.e., they have the ability 1o rotate the
plane of plane-polarized light. In deseribing an optically active corpound, the prefixes Dand L, or 8
and 8, are used to denote the absolute configuration of the molecule about s chiral center(s). The
prefines 4 and 1 or (+) and {-} are employed to designate the sign of rotation of plane-polarized light by
the compound, with (-} or 1 meaning that the compound is levorotatory. A compound prefixed with (4}
or d is dextrorotatory. For a given chemical structure, these sterecisomers are identical except that they
are mirror mages of one another. A specific stereoisomer may also be referred 1o as an enantiomer, and
a roixture of such issers is oftsn called an enantiomeris mixture. A 50:50 mixture of enantiomers is
referred 10 as a racemic mixture or 8 racemats, which may occur where there has been no
stereoselection or sterecspecificity in a chemical reaction or process. The terms “racemic mixture” and
"racemate” refer to an equimolar mixiure of two enantiomsric species, devoid of optical activity,

“Leaving group” refers to a functional group that can be substituied by another funciional
group, Certain leaving groups are well known in the art, and examples include, but are not limited to, 8
halide {e.g., chloride, bromide, iodide}, methanesuliony! (mesyl}, p-tohuenssulfonyt (tosyl),
irifleoromethylsuifonyt (riflate), and wifluoromethyisulfonate.

The term: “protecting group” refers 10 a substituent that is commonly smployed o bisck or
protect a particular functionality while reacting other functional groups on the compound. For example,
an “amino-protecting group” is a substituent attached 1o an amine group that blocks or protects the
amine functionality in the compound. Suitable amino-protecting groups inchude, but are not Hmited 1o,
acetyl, trifluorcacelyl, Hnsoxyearbonyl (BOCY, benevioxycarbonyl {CBZ) and §-

fluorenyimethylenoxycarbonyt {Fmoce}. For s general description of protecting groups and their use, see
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T. W. Greene, Protective Groups in Organic Synthesis, John Wiley & Sons, New York, 1991, or a later
edition,

As 15 understood by one skilled i the art, reference o "about”™ a value or parameter herein
inchides {and deseribes) smbodiments that are directed to that value or parameter per se. For example,
description referring to "about X7 includes deseription of "X,

It i understoed that aspect and smbodiments deseribed herein include "consisting” and/or
"eonsisting essentially of sspects and embodiments. As used hereln, the singular form “s", "an”, and
"the” includes phural references unless indicsted otharwise.

H, COMPOSITIONS AND METHODS

Provided herein are antibodics that bind to FeRHS including bispecific antibodies and
imrnunoconjugates comprising such antibodies. Antihodies and mmunoconjugates may be useful, 2.z,
for the disgnosis or treatment of FeBRHS-positive cancers. In some embodirnents, the anti-FoRHS
antibody binds an isoform c-specific region of the extracelludar domain of FeRHS¢. In some
grabodiments, the anti-FoeRHS antibodies bind [g-like domain ¢ of FeRH 3¢,

Without being hound by theory, the selection of the precise antigen for the antibodies of the
present invention was driven by al least three important considerations, First, there was a need for little
1 1 cross-reactivity with FeRES isoforms other than FCRHSe, such as {soform a and isoform b, o
avoid the resulting therapeutic from binding to non-targst moleculss and thus reducing ity effectivenses,
As illustrated in Figure 1, domain @ of FeRH3 s an example of 2 unigue sequence among the three
isoforms. Next, thers was a need for little 1o no cross-reactivity with FeRH family members other than
FeRHS, such as FeREI, FeRHZ, FeRH3, and FcRH4.  This is difficult becauss of the generally
highly conserved nature of the last Ig-like domaing In many of the FoRH family members, But becauss
of the parallel need for FcBHS isoform o specificity, an antibody that binds the last Ig-like domain was
pursusd. Finally, for antibodies to be used in therspeutic rmolecuies that work o bring large structures
in close proximity, such as T-cells and wmer cells using a bispecific antibody format, it is known that
tuimor epitopes closér io the cell msrbrane are more effective (ses, e.g., Bluemel ef ol Cancer
fmmunc! Impamether. (20103 59:1197-120%). Sometimes described as the theory of kinetic
segregation, the csll membrane proximal location of domain 8 of FcRHS is a desirable antigen target in
this context. To meet these considerations and as described in detsil below, certain embodiments of the
antibodies of the present invention were deveioped,

Provided herein are lsolated anti-FeRHS antibodies that binds an isoform ceapecific region of
the extracellular domain of FeRH3c. In some embaodiments, the isoform c-specific region comprises Ig-
like domain 9. In some embodimenis, the Ig-like domain 9 5 alse called Ig-like C2-tvpe & In some
embodiments, the iscform c-specific region comprises amine acids 754-333 of SEG ID NG:L. In some
embodiments, the isoform ¢-specific region comprises amine acids 752-834 of SEQ 1D NO:L. Insome
embodiments, the isoform c-specific region comprises amine acids 743-850 of BEQ 1D N1, In some

embodiments, the isoform c-specific region comprises amino acids 7453-851 of SEQ ID NG:L. In some
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embodiments, the isoform c-specific region comprises aming acids sbout any 071, 2,3, 4, 5,6,7, 8,9,
B3, 11, 12, 13, 14, or 13 from the Neterminal sndf/or C-terminal boundary. In some embodiments, the
tsoform c-apecific region comprises amino acids from about any of 750, 751, 752, 753, or 754 to about
any of 830, 831, 832, 833, 834, 835, or 836 of SECQ [D N1, In some smbodiments, the antihodies
Binds FoRHSc and/or the isoform c-apecific region with an affinity of <35 oM, or <4 nb, or <3 nM, or
<Zub, or <1 ob, and optionally = 0.0001 oM, or = 0.001 aM, or > 0.01 nd,

in some embediments of any of the antibodics, the antibody has one or more of the following
characteristics: a) cross reactive with full length homan and cyno FeRHS (7e, binds full length human
FeRHS and binds full length cyno FeRHS), by does not significantly cross react with FeRHI, FeRHZ,
FeRH3, and/or FoRH4 {i.e., does not signiticantly bind FeRHI, FeRH2, F¢RH3, snd/or FeRH4), ¢
binds (o endogencus FeRHS, d} does not cross react with FeRHSa (i.e., does not significantly bind
FcRHSa}, and e} does not cross react with another Ig-like domain of FeBHS {(ie., does not significanily
hind another Ig-like domain of FeRHS), Methods of determining the ability to hind are known in the art
and deseribed below.

Provided herein, and in some embodiments, are antibodies comprising a} a heavy chain
comprising a HYR-HI comprising the amino acid sequence of SEQ 13 NO3%, HVR-H2 conprising
the aming scid sequence of SEQ 1 NO62, and HYR-H3 comprising the amino acid sequence of 8B
D NO:86; andfor b) a light chain comprising a HVR-L1 comprising the amino acid sequence of SEQ
13 NO2Z, HYR-L2 comprising the amine acid sequence of SEQ ID NG 14, and HVR-L3 comprising
the amino acid sequence of SEQ [0 NC:26. In somes smbodiments, the heavy chain comprising a HVR-
HI comprising the amino acid sequence of SEQ 1D NG5S0, HVR-H2 comprising the amine acid
sequence of SEQ I NOW74, and HVE-HI comprising the amino acid sequence of SEQ 1D N(:68. In
some embodiments, the antibody comnprises a VH sequence having at least abowt any of 90%, 9194,
92%, 93%, B4%, §5%, 9655, 97%, B8%, 99%, or 100% sequence identity to the amino acid sequence
of SEG ID NO: 1 and/or 8 VL sequence having at least sbout any of 90%, 91%%, 32%, 93%, 949,
93%, 96%, 87%, B8%, 99%, or 100% sequence identity to the amine acid sequence of SEQ ID NO:

P In some embodiments, the antibody comprises a VH sequence of SEQ ID NC: 111 andfor a VL
sequence of S3EC I NG 10, In some embodiments of any of the sntibodies, the antibody comprises
six HVYRs of 181, In sume embodiments, the sntibody comprises VH domain and VL domain of
1CR.1L In some embodiments, the antibody binds an isoform o-specific region of the extracellular
domain of FeRHSc {e.g., 1g-like domain 9. In some embodiments, the antibody is cross reactive with
full length humman and cyno FCRHS. In some embodiments, the antibody does not significantly cross
react with FeRHI, FeRH2, FeRHM3S, and/or FeRH4. In some embodiments, the antibody binds to
sndogenous FeRHS. In some ambodiments, the antibody binds B-cells. In some embodiments, the
antibody does not significantly bind NK cells anddor monocyies.

Provided herein, and in some embodiments, are antibodies comprising 8} & heavy chain

comprising a HVR-HI comprising the amine acid sequence of 8B 1D NO:39, HVR-HZ comprising
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the amino scid sequence of SEQ 1D NG:43, and HYR-H3 comprising the aminoe scid sequence of SEQ
I NCR7; and/or B & Hght chain comprising a HVR-L1 comprising the amino acid sequence of SEQ
1D NGO, HVE-LE comprising the aming acid sequence of SEQ D NG5, and HVR-L3 comprising
the amino scid sequence of SEQ I3 NG:27. In soine embodiments, the heavy chain comprising a HVR-
Hi comprising the amine acid sequence of SEQ ID NG:51, HVR-H2 comprising the amino acid
sequence of SHQ ID NOI75, sod HVR-H3 comprising the amine acid sequence of SEQ ID NG99, In
sone embodiments, the antibody comprises a VH sequence having at least sboul any of 80%, 9195,
92%, 93%, 94%, 85%, 56%, 97%, 98%, 99%, or 1005 sequence identity to the amino acid sequence of
SEQ I N0 and/or s VL sequence having at least about any of 90%;, $1%, 92%, 9394, 94%, 85%;,
G5, 97%, 98%, 99%, or 100% sequence identity to the amine actd sequenwe of SEQ I NO:112. In
some embodimens, the antibody comprises a VH sequence having at least about any of 90%, 1%,

G2%, 93%, 84%, 95%, 96%, 87%, 98%, 99%, or 100% sequence identity to the amino acid sequence of
SEG ID WNG135 and/or a VL sequence having st least about any of 909%, 91%, 92%., 93%, 24%;, 95%
6%, 7%, 8%, 99%%, or 100% sequence identity 1o the amino acid sequence of SEQG ID NG:34. In
some embodiments, the antibody comprises a8 VH sequence of SEQ D NG: 113 andfor a VL sequence
of SEQ ID NO:112. In some embodiments, the antibody comprises a VH sequence of SEG ID NO:138
and/or a VL sequence of SEQ 1D NO:134. In some embodiments of any of the antibodies, the antibody
comprises six HVRs of 1437.2. In some embodiments, the antibody comprises VH domain and VL
domain of 1472, In some smbodiments of any of the antibodies, the andibody comprises six HYERs of
1G7.27. I some embodiments, the antibody comprises VH domain and VL domain of 1G7.2°. In some
embodiments, the antibody binds an soform c-specific region of the extracellnlar domain of FeRH5¢
{e.g., Ig-iike domain 9}. In somne ambodiments, the antibody is cross reactive with full length human
and cyno FeRHS, In some erobodiments, the antibody does not significantly cross react with FoRH1,
FeREZ, FeRIS, and/or FeRHEA4. In some embodiments, the antibody binds to endogenous FeRHS, In
some embodiments, the antibody binds B-cslis. In some emsbodiments, the antibody does not
sigaificantly bind NK cells and/or monocyies. In some embodiments, the antibody does not
significantly cross react with FeRH3a.

Provided herein, and in some embodinments, are antibodiss comprising ) a hesvy chain
comprising 3 HVR-HI comprising the amino acid sequence of SEQ I3 NO40, HVRB-H? comprising
the amino acid sequence of SEQ HY NMO64, and HVR-H3 comprising the amino acid sequence of SEQ
12 WNOE8; and/or b a light chain comprising 8 HVR-L1 comprising the amine acid sequence of SEQ
I3 NG:4, HVR-LZ comprising the amino acid seqoence of SEQ ID NG:16, and HVRAL3 comprising
the aming acid sequence of SEQ 1D NO:28. In some embodiments, the heavy chain comprising a HVR-
HI comprising the amino acid sequence of 8EQ 1D NO:52, HVR-H2 comprising the aming acid
sequence of SEQ ID NG:76, and HVR-HI comprising the amine acid sequence of SEG ID NGOG0, In
some embodiments, the antibody comprises a VH sequence having at lesat about any of 90%, 2194,

2%, ©3%, 94%, 3%, 96%, 97%, 8%, 99%, or 100% sequence identity to the aming acid sequence of
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SEQ H2 NO S and/or a VL sequence having at least about any of 909%, 21%, 92%, 939, 94%, 95%,
86%, 97%, 98%, %%, or 1005 sequence identity to the amino acid sequence of SEQ IDNG:114. In
some embodiments, the antibody comprises 8 VH sequence of SEQ 1D NO:118 and/or s VL sequence
of SEQ D NO 14, In some embodiments of any of the antibodies, the antibody comprises six HVRs
of 2H7.3. In some embodiments, the antibody comprises VH domain and VL domain of ZH7.3. In some
gimbodiments, the antibody binds an isoform c-apecitic region of the extracetiular domain of FeRHS%e
{e.g., Ig-like domain 9}, In some embodiments, the antibody is cross reactive with full length human
and cyno FeRHS. In soms smbodiments, the antibody doss not significantly cross react with FeRH|,
FeRH3, and/or FeRH4. In some embodiments, the antibody binds to endogenous FeRHS. In some
arnbodiments, the antibody binds B-cells. In seme embodiments, the antibody does not significantly
bind MK cells and/or monocytes.

Provided herein, and in some embodiments, are antibodiss comprising a) a heavy chain
comprising 2 HYR-HI comprising the amino acid sequence of SEQ ID NOG:41, HVE-H2 comprising
the arino seid sequence of SEQ I3 NO6S, and HVYR-H3I comprising the amino acid sequence of SEQ
103 NO89; and/or b a light chain comprising s HVRE-L1 comprising the smine acid sequence of SEQ
D NG5, HYR-LZ comprising the amino acid sequence of SEQ ID NG:17, and HVR-L3 comprising
the amine scid sequence of SEQ ID NO:298. In some embodiments, the heavy chain comprising a HVR-
Hi comprising the amino acid sequence of 8EQ 1D N33, HVR-H2 comprising the amine acid
sequance of SEQ HI NOu77, and HVR-H3 comprising the amino acid sequence of SEQ ID NG:101L. In
some embodiments, the antzbody comprises a VH sequence having at least about any of 80%%, 1%,
§2%, 93%, 94%, 93%, 86%, 97%, 8%, 89%, or 100% sequence identity to the amino acid sequence of
SEQ ID NG 1T andfor a VL ssquence having at least about any of 90%, 21%6, 92%, 93%, 94%, 95%,
96%%, 7%, 98%, 99%, or 100% seqguence identity to the amine scid sequence of SEQ ID NG:116. In
some embodiments, the antibody comprises g VH sequence of SEQ D NG:117 and/or a VL sequence
of SEQ B MNO:1 16, In some embodiments of any of the antibodies, the antibody comprises six HVRs
of 344.2. In some smbodiments, the antibody comprises VH domain and VL domain of 344.2, In some
embodiments, the antibody binds an isoform ¢-specific region of the exiracellular domain of FeRHSc
{e.g., ig-like domwain 9. In svine erobodiments, the antibody is cross reactive with full length human
and cyno FCRES. In some embodiments, the antibody does not significantly cross react with FeRHI,
FeRFEZ, FeRH3, and/or FeRI4. In some embodiments, the antibody binds to endogenous FelHS, In
sorne ernbodiments, the antibody binds B-cells. In some embodiments, the antibody does not
significantly bind NK cells and/or monocytes,

Provided herein, and in some embodiments, are antibodies comprising a) s heavy chain
comprising a HYR-H! comprising the amino acid sequence of SEQ 1D NOM42, HYR-HZ comprising
the anung acid sequence of SEQ 1D NG:68, and HYER-H3 comprising the amine acid sequence of SEQ
1D NO:50; and/or B} a light chain comprising a HYR-LI comprising the aming acid sequence of SE(
D NOes, BVR-LZ comprising the amine scid sequence of SEQ 1D MY, and HYR-L3 comprising
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the aming acid sequence of SEQ 1D NCH30, Inosome embodiments, the heavy chain comprising 2 HVR-
H1 comprising the aming acid sequence of SEQ I NG54, HVR-HZ comprising the aming acid
sequence of SEQ 1D MO:T3, and HVR-H3 comprising the aminoe acid sequence of SEQ 1D NG:162. In
soms smbodiments, the antibody comprises a VH sequence having at least about any of 90%, 819,
G2%%, G3%, 845, D5%5, 6%, 979%, 28%%, 99%, or 100% sequence identity to the amine acid sequence of
SEQ D NG: 119 andfor g VL seguence having at least sbout any of H84, 31%, 92%, 93%%, 34%, 9534,
86%, 7%, 98%, 98%, or 100% sequence identity to the amino acid sequence of SEQIDNOGIHIE In
sorne embodiments, the antibody comprises a2 VH sequence of SEC 1D NG 119 and/or a VL sequence
of SEQ ID NO:TIE. In some smbodiments of any of the antibodies, the antibody comprises six HVRs
of 3B12.1.1 In some embodiments, the antibody comprises VH domain snd VL domain of 3B12.1.1. In
some embodiments, the antibody binds an tsoform c-specific region of the exiraceliular domain of
FoRHSc {e.g., Ig-like domain 9}. In some embodiments, the antibody s cross reactive with full length
human and cyno FeRHMS. In some smbodiments, the antibody does not significantly cross react with
FeRHI, FeRHE, FeRH3, and/or FeRH4, In some embodiments, the antibody binds 1o endogenous
FeRHS. In some embodiments, the antibody binds B-cslls. In some embodiments, the antthody does nol
significantly bind NK cells andfor monocytes. In some embodiments, the antibody does not
sigrdfieantly cross react with FeR¥Sa.

Provided herein, and in some emboidments, are antibodies comprising 2} 2 heavy chain
comprising a HYR-B1 comprising the amino acid sequence of SEQ 1D NO43, BVR-H2 comprising
the amino acid seguence of SEQ D KO67, and HVE-H3 comprising the aming acid sequence of SEQ
I MO:BE; andfor by a light chein comprising 3 HYR-L1 comprising the amine acid seguence of SEQ
0 NG7, BYR-L2 comprising the amine acid sequence of SEQ 3 MO9S, and HYR-L3 comprising
the amine acid sequence of SEQ 1D NO:31L In some embodiments, the heavy chain conprising s HVR-
Hi comprising the amino acid sequence of SEQ 1D NG:335, HVR-H2 comprising the amino acid
sequences of SEQ 1D NG:78, and HYRAHS comprising the aming acid sequenge of SEQ I MNGH03. In
some ernbodiments, the antibody comprises g VH sequence having gt least about any of 9095, 81%,
F2%, 93%, 9495, 55%, 98%, 7%, 98%, 999, or 100% sequence identity to the aming acid sequence of
SEQ I NOI2T andfor a VI sequence having at least sbout any of 80%, 9196, 8296, 93%, 94%, 95%,
G6%, 97%%, 8%, 99%, or 100% sequence identity 1o the amino acid sequence of SEQ ID NG:120. In
sorne smmbidiments, the antibody comprises & VH sequence of SEQ 1D NO:121 andfor 2 VL sequence
of SEQ ID NOG:120. In some embodiments of any of the antibodies, the antibody comprises six HVRs
of 3010, In some embodiments, the antibody comprises VH domain and VL domain of 3C10. In some
emtbodiments, the antibody binds an isoform c-specific region of the extracellular domain of FeRHSe
{e.g., Ig-like domain 9}, In some smbodiments, the antibody i cross reactive with full length buman
and cyno FeRH3. In some embodiments, the antibody doos not significantly oross react with FeRHI,

FeRHZ, FeRH3, and/or FeRH4, In some embodiments, the antibody binds 1o endogenous FeRHS, In
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some embodiments, the anttbody binds B-cells, In some embodiments, the antibody does not
significantly bind NK cells and/or monacytes.

Provided herein, and in some siaboidments, are antibodies comprising a) ¢ heavy chain
comprising a HVR-H1 comprising the aming acid sequence of SEQ D NG44, HVE-HZ comprising
the amino acid sequence of SEQ I3 MNGuoE, and HVYR-H3 comprising the amino acid sequence of SEQ
IE NO:82Z; and/or b)Y a bght chain comprising & HYR-L1 comprising the amine acid sequence of SEQ
D NGeE, HVR-LE comprising the amino acid sequence of SEQ ID NO:20, and HVR-LS comprising
the amino acid sequence of SEQ 1D MO:32. In some embodiments, the heavy chain comprising a HVR-
H1 comprising the amine acid sequence of SEQ ID NS4, HVR-H2 comprising the amine acid
sequence of SEG ID NG:ED, and HVR-H3 comprising the amino acid sequence of SEQ I N4, In
some embodiments, the antibody comprises a VH sequence having at least about any of 20%, 91%,
92%, ©3%, 949, 05Y%%, 956%4, 97%, 98Y%%, $4%:, or 100% sequence identity to the amino acid sequence of
SEQ I MO 23S and/or 8 VL sequencs having at least about any of 9096, 81%, 92%, 93%, 84%, 953%,
6%, 87%, 98%, 89%, or 100% sequence identity to the amino acid sequence of SEQ ID NC122. In
some embodiments, the sntibody comprises a VH sequence of SEQ 1D NG123 andfor a VL sequence
of BEQ D NOo122, In some embodimenis of any of the antibodies, the antibody comprises six HVRs
of 3F16. In some embodiments, the antibody comprises VH domain and VL domain of 3F10. In some
smbodiments, the antibody binds an {soform c-spectiic region of the extracethular domain of FeRMSe
{z.g., lg-like domain 9} In some embodiments, the antibody iz oross reactive with full length human
and cyno FcRHS. In some embodiments, the antibody does not significantly cross react with FeRH1,
FeRH2Z, FcRHS, andfor FeRH4. In sorne smbodiments, the antibody binds to endogenous FcRHES. In
some smbodiments, the antibody binds B-cells. In some embodiments, the antibody doss net
significantly bind NE cells and/or monocytes, In some embodiments, the antibody does not
significantly cross react with FoRHZ%a,

Provided hersin, and in some emboidments, are antibodies comprising a} a heavy chain
sompriging a HYR-HI comprising the aming acild sequence of SEQ ID NG5, HVR-H2 comprising
the aminoe acid sequence of SEQ ID MO:6%, and HVR-H3 comprising the amine scid sequence of SEQ
13 NO93; and/or by a light chain comprising s BYR-LI comprising the amine acid sequence of 8EQ
D NG, HVR-LZ comprising the amine acid sequence of SE I NO2 1, and HVR-L3 comprising
the amine acid sequence of SEQ 1D MNO:33. In some embodiments, the heavy chain comprising a HVR-
Hi comprising the smine acid sequence of SEQ 1D NO:S7, HVR-H2 comprising the aming acid
sequence of SEQ D NGHEL and HVR-H3 comprising the amino acid sequence of SEQ 1D NOUGS In
some embodimends, the antibody comprises a VH sequence having at least about any of 90%, 91%,
G2%, 93%, 94%, 95%, 6%, 87%, 98%, $9%, or 100% sequence identity to the amine acid sequence of
SEQ D NO:125 and/or 2 VL sequenes having at least shout any of 80%, 9196, 9295, 93%, 949, 953%,
9690, 7%, 98%, 99%, or 100% sequence ideniity {0 the amine acid sequence of SEQ IDNG:124. In

sorne ernbodiments, the antibody comprises a VH sequence of SEQ ID NOG: 125 andfor a VL sequence
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of SEQ {3 NOn124. In some embadiments of any of the antibodies, the antibody comprises six HVRs
of 333, In some embodiments, the antibody comprises VH domain and VL domain of 363, In some
grobodiments, the antihody binds an fsoform c-specific region of the extracellular domain of FeRHSe
{e.z., Tg-like domain 9). In some embodiments, the antibody is oross reactive with full length human
and cyno FeRHS, In some embodiments, the antibody dogs not significantly cross react with FeRHI,
FeRH2, FeRM, andfor FeRB4, In some smbodiments, the antibody binds to endogenous FeRHS. In
some embodiments, the antibody binds B-cells. In some embodiments, the antibody does not
significantly bind WK cells snd/or monooytes. In sone embodiments, the antibody does not
significantly cross react with FoRFSa.

Provided hersin, and in some emboidments, are antibodies comprising a} a heavy chain
comprising 3 HYR-H1 comprising the smine acid sequence of SEQ H3 NO46, HVR-H2 comprising
the aming acid sequencs of SEQ 1D NO:T70, and HVER-H3 comprising the aming acid sequence of SED
D NO:94; andior b} a light chain comprising a HVR-L1 comprising the amino acid sequence of SEQ
D NGOG, HVRALZ comprising the aminge acid sequence of SEQ 1D NO:22, and HVR-L3 comprising
the amino acid sgquence of SEQ D N34, In some embodiments, the heavy chain comprising 2 HVR-
Hi comprising the amino acid sequencs of SEQ ID NG:58, HVR-H2 comprising the amine acid
sequsncs of SEQ 1D NCE2, and HVRAH3 comprising the amino acid sequence of SEQ 1D NOHG6. In
some embodiments, the antibody comprises 8 VH seguence having st least about any of 9094, 81%,
G2%, 8355, 94%, 95%, 26%%, 97%, 8%, U9%%, or 100% sequence ideniily 1o the amino acid sequence of
SEQ 3 NO27T and/or 2 VL sequence having at least about any of 90%, 9196, 929, 93%, 94%, 95%,
96%, 87%, 8%, 99%, or 100% sequence ideniity o the aminoe acid sequence of SEQ ID KNG 126 In
some embodiments, the antibody comprises a VH sequence of SEQ ID NG:27 andfor a VL ssquence
of 8EG ID NG 126, In some embodiments of soy of the antibodies, the antibody comprises six HVRs
of 3(G37.1.5. In some embodiments, the antibody comprises VI domain and VL domain of 3G7.1.5. In
some embodiments, the antibody hinds an isoform c-apecific region of the extracellular domain of
FoRMSc {e g, Ig-like domain ¥). In some embodiments, the antibody 18 cross reactive with full length
humean and cyno FeRHS. In some embadimaﬁts; the antibody does not significantly cross react with
FoRH1, FeRHZ, FolHY, and/or FeRH4. In some embodiments, the antibedy binds to endogenous
FcRHS. In some embodiments, the antibody binds B-cells. In some embodiments, the antibody does not
significantly bind NK cells and/or monocyies.

Provided herein, and in some emboidments, are antibodies comprising 2) 8 heavy chain
ccsmprisigg a HVR-HI comprising the aming ackd sequence of SE 1D NG:47, HVR-HZ coroprising
the amine acid sequence of SEQ 1D MO:71, and HVE-H3 comprising the amine acld sequengce of SEG
1D WO93; andior by a light chain comprising 8 HVR-L1 comprising the amine acid sequence of SEG
N, HVR-LZ comprising the amine acid sequence of SEQ T NO:23, snd HVE-L3 comprising
the amine actd sequence of SEQ I NO35. In some embodirents, the heavy chain comprising 8 HVR-

H1 comprising the aming scid sequence of 8EQ H3 MO 38, HVRAHZ comprising the amino acid
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sequence of SEQ 1D NOE3, and HVR-H3 comprising the amine acid sequence of 8EG D NOHI07. In
somg smbodiments, the aotibody comprises 3 VH sequence having at least about any of 9095, 81%,
0254, 93%, 94%, 9394, 969, §7%, 98%, 9095, or 100% sequence identtty 1o the amino acid seguence of
SEC I NOL29 and/or a VL sequence having at least about any of 90%, 9196, 92%, 93%, 94%, 93%,
8%, 87%, 88%, 99%, or 100% sequence identity (o the amine acid sequence of 3EQ ID NCHI128. In
some embodiments, the sntibody comprises 8 VH sequence of SEQ 1D NO:129 and/or 2 VL sequence
of SEQ 1D NO:128, In some embodiments of any of the antibodises, the antibody comprises six HVRs
of 5410.1.3. In some embodiments, the antibody comprises VI domain and VL domain of 3410.1.3,
I some embodiments, the antibody binds an isoform c-specific region of the extraceltular domain of
FeRHS5c {e.g., Ig-like domain 9}, In some embodiments, the antibody is cross reactive with full length
human and cyno FoRHS, In some embodimentds, the antibody does net significantly cross react with
FeRHL, FeRMZ, FeRH3, and/or FeRFA. In some embodiments, the antibody binds to endogenous
FeRHS. In some embodiments, the antibody binds B-celis, In some embodiments, the antibody does not
significantly bind NK cells and/or monacyies,

Provided herein, and in sorpe erboidments, are antibodies comprising 2} 3 heavy chain
comprising 3 HYR-HI comprising the amino acid sequence of SEQ ID NO4E, HVR-HZ comprising
the amine scid sequence of SEQ D NOWTE, and BYR-H3 comprising the amino acid sequence of SEQ
D NOG86; andior b) a Hight chain comprising a2 HVYR-L1 comprising the amino scid sequence of 8EQ
3 NGH2, HYR-LZ comprising the sming acid sequence of SEQ 1D NO:24, and HVR-L3 comprising
the amine acid sequence of SEQ I NO36. Int some embodiments, the heavy chain comprising a HVR-
Fii comprising the amino acid sequence of 3EQ 1D NO:6G, HVR-H2 comprising the aming scid
sequence of SEQ D MO:84, and HVR-H3 comprising the smine acid sequence of SEQ I NOI08. In
some embodiments, the antibody comprises 3 VH sequence having at least about any of $0%, 91%,
82%, 83%, 94%, 95%, 96%, 97%, 8%, 99%, or 100% sequence wdentity 1o the amino scid sequence of
SEQ ID NO:131 andfor a VL seguence having at least about any of 80%, 91%, €295, 83%, 94%, 95%,
8655, 7%, 98%, 99%, or 100% sequence identity 1o the amino acid sequence of SEQ 1D NO:H30. In
some embodiments, the anttbody comprises a VH sequence of SEQ [ NO:131 and/or a VL sequence
of SEG 13 NO: 130, In some emnbodiments of any of the antibodies, the antibody comprises six HVERs
of 5F1.1.5. In some embodbments, the antihody comprises VH domain and VL domain of SF115. In
some embodiments, the antibody binds an isoform c-specific region of the extracellular domain of
FolH%c {e.g., Ig-like domsin 9}, In some embodiments, the antibody is cross reactive with full length
buman and cyno FeRHS. In some embodiments, the antibody does not significantly cross react with
FeREE, FeRH2, FeRH3, and/or FeRH4, In some embodiments, the antibody binds to endogenous
FeRHS. In some embodiments, the antibody binds B-cells. In some embodiments, the antibody does not
significantly bind NX cells and/or monocyies, In some embodiments, the antibody does not

significantly cross react with FeRHM3s,
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Provided herein, and in some emboidments, are antibodies comprising a) a heavy chain
comprising a HYR-H1 comprising the amino acid sequence of SED 1D NO:49, HVR-H2 comprising
the amino acid sequence of 3EQ D N:T3, and HVER-H? comprising the amine acid sequence of 8EQ
I BOO7; andfor b) & light chain comprising 2 HVB-L1 comprising the amine acid sequence of SE(Q
I NO3, BVR-LZ comprising the amino acid seguence of SEQ 1D NG23, and HVR-L3 comprising

W

the amino acid sequence of SEQ ID NC:37. In some embodiments, the heavy chain comprising a HVR-
H1 comprising the aming acid sequence of SEGQ D NO:61, HVR-HZ comprising the aming acid
sequence of SEQ 1 NOBS, and HVERE-H3 conprising the amino acid sequence of SEQ ID NOI109. In
sore emabodiments, the antibody comprises 2 VH sequence having at lssat about any of 80%, 91%

16 825, 83%, 94%, 93%%, 88%, 97%, 9§95, 99%, or 100% sequence identity to the amine acid seguence of
SEQ I NO:133 and/or a VL seguence having at least about any of 80%6, 91%, 92%, 8395, 94%., 9594,
S%, 37%, 98%, 9%, or 100% sequence identity to the amine acid sequence of SEQ D NGHI32. In
some embodiments, the antibody comprises 8 VH sequence of SEQ ID NO:1 33 andfor 8 VL sequencs
of SEQ I MO 32 In some embodiments of any of the antiboedies, the antibody comprises six HVRs

15 of 8032, In some embodiments, the antibody comprises YH domain and VL domain of 602, In some
arnbodiments, the antibody binds an soform o-specific region of the extracellular domain of FeRHSe
{e.g., Ig-Like domain 8). kv some smbodiments, the antibody is cross reactive with full length hurnan
and cyno FeRHS. In some embodiments, the antibody does not significantly cross react with FoRHI,
FeRH2, FcRH3, and/or FeRH4. In some embodiments, the antibody binds to endogenous FeRHS . In

20 some embodiments, the antibody binds B-cells. In some embodiments, the antibody does not
significantly bind NK cells and/or mumecytes,

In 2 further aspect provided herein, an anti-FeRHS antibody according to any of the above
embodiments is a moneclonal antibody, including a chimeric, humanized or hurnan antibedy. In one
embodiment, an anti-FeRHS antibody is an antibody fragment, e.g., a Fv, Fab, Fab’, scFv, diabady, or

25 F(ab’} fragment. In another sudbodimend, the antibody is a sobstantially full length antibody, 220, an
IgG1 antibody or other antibody class or isotype as defined herein.

In a further aspect, the invention provides an antibody that binds to the same epitope a8 an anti-
FeRHS antibody provided herein. In certain embodiments, an antibody s provided that binds an
isoform c-spesific region of the extraceilular domain of FeRHS¢ from, within, or overlapping amino

30 acids TS4.H3S of BSEG IDNG:1.

In some embodiments of aoy of the anti-FeRHS antibodies, the FoRHS antibody, particularly an
FolHS bispecific {e.g., anti-CD¥anti-FoRHS bispecific), may have features, singly or in combination,
based vpon HEK cell line assayvs (HER cells reconstituted with necessary signaling components for the
TCR triggering as described v James and Valle, Natwre 487:64-69 (2012}, which is incorporated by

35 reference i is entirety. In some embodiments, the features, singly or in combination, may includs
rurnor cell interphase/imounological synapse, Lok-mediated TUR phosphorviation, ZAP70 activity

including phosphoryiation state and localization, D38 activity including localization and binding, B Ar
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activity including localization and binding, CAAX activity including localization and binding C45
activity including localization, pMHT activity inchuding localization, and/or TCR activity arul
triggering features,

Inn & farther aspect, an antd-FeRHS antibody according to any of the above embodiments may
incorporate any of the featres, singly or in combination, as described in {a)-{e} and/or Secticns 1-7
helow.

fa} binds an isoform o-specific region of the extracellular domain of FoRHSc

Methods of determining whether an anti-F QRHS antibody binds to an isoform c-specific region
of the extracellular domain of FeRFHS¢ are known in the grt. In some smbodiments, binding of an anti-
FeRHS antibody to an soform c-specific region of the extracellular domain of FeRHSc may be
determined by expressing FoRHS polypeptides with N- and C-terminal deletions in 293 cells and/or
SWT2 cells and testing by FACS as described in the Examples binding of the antibody o the truncated
polvpeptides. In some embodiments, a substantial reduction = 7{% reduction) or ebmination of
binding of the antibody to a truncated polypeptide relative 1o binding to full-length FeRHS expressed in
293 cells indicates that the antibody does not bind 1o that truncated polypeptide.

In some embodinents, the isoform c-spectfic region comprises Ig-like domain 9. In some
smbodiments, the Ig-like domain 9 is also called Ig-like CZ-type B, In some embodiments, the isoform
c-specific region comprises ammo acids 734-835 of 8EQ D2 NO:1. In some embodiments, the isoform
c-specific region comprises amino acids 782-834 of SEQ I3 NOtt, In some embodiments, the isoform
c-apecific region comprises aming acids 7T43-850 of SEQ ID NGO, In some embodiments, the isoform
c-specific region comprises armine acids 743-851 of SEQ [ NG: 1. In some embodiments, the isoform
c-gpecific reglon comprises amine acids abowt any of 1, 2, 3,4, 5,6, 7,8, 9, 10, 11, 12, 13, 14, or 15
from the N-terminal and/or C-terminal boundary. In some embodiments, the isoform c-specific region
comprises aming acids from sbout any of 750, 731, 752, 753, or 754 o about any of 830, €31, 832, 833,
834, €35, or 836 of SEQ I NO:1. In some embodiments, FeRHS s hurman FeRMS. In some
ambodiments, FeRMS is human FoRHS or synomolgus monkey FeRH3S.

thl oress reacts with (binds) human and cyno FeRES with an affinity of <3 0l or <4 nM, or

L3nM oor 23 aM or < add and optionally 2 00001 ndd or > 0.008 ndd or 2 0.0 nid

Methods of delermining binding affinity are known in the art. In some embodiments, the
binding affinily may be determined according to a BIAcors” assay, FLISA, Facs, and IHC, for
example, as described in the Examples.

fn some embodimants, the anti-FeBHS antibody binds hurnan and/or cyno FeRHS with an
affinity of sbout any of < 5 oM, or <4 oM, or <3 oM, or <2 nM, or < | nbd. In some embodiments, the
anti-FeRES antibody binds human and/or cyno FeRHS with an affinity of about <5, In some
embodiments, the anti-FoRHS antibody binds human and/or cyno FeRHS with an aftinity of sbout <4
abd. In sorne embodiments, the anti-FoRHS antibody binds human and/or cyne FeRMS with an affinity

of about £3 nM. In some embodiments, the anti-FeRHMS antibody binds human and/or cyno FoRHS
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with an affinity of about <2 abd In some embodiments, FeRMS is lnonan FoRH3E. In soms
gmbodiments, FeRHS is cynomolgus monkey FoRHS,
(e} does not cross react with (does not bind) FoRHI, FeRH2, FeRH3, and/or FeRFH4

Methods of determining binding are known in the art. In some embodiments, the binding
affinity may be determined sceording to 8 BfAcore” assay, Facs, FLISA, and [HC, for example, as
described in the Examples,

In some embodiments, the anti-FeRHS antibody binds FeRHS with an affinity of more than
about any of 2, §, 10, 20, 30, 104, 300, or 1000-fold grester than FoeRH1, FeRHZ, FeRH3, and/or
FeRH4. In some embodiments, FeRH is human FeREL

(d) does not cross react with {does not bind) FeRH3a

Methods of determining binding are known in the art. In some embodiments, the binding
affinity may be determuned according to a Blacors® assay, Facs, ELISA, and THC, for example, as
described in the Examples.

In some embodiments, the anti-FeRHS antibody binds FeRHSc with an affinity of more than
sbout any of 2, 5, 10, 20, 30, 100, 500, or 1000-fuld greater than FeRHS3a, In some embodiments, FoeRH
is human FeRH,

{e} does noi cross react with another Ig-tike domain {does not bind} of FoRHS

Methods of determining binding are known in the art, In some embodiments, the binding
af¥inity may be determined sccording to a BlAcore” assay, Faca, ELISA, and THC, for example, as
described in the Examples.

in some embodiments, the anti-FoRHS antibody binds Ig-like domain 9 of FeRHS with an
afiinity of more than about any of 2, §, 18, 20, 30, 100, 300, or 1000-fold greater than {g-like domain 1,
2,3, 4,5 6,7, andfor 8 of FeRES. In some smbodiments, FoRH is human FeRH. In some
embaodiments, the Ig-like domam is Ig-like domain | {aa 23-100 of SEQ 1D N1, Ig-like domain 2 {aa
105185 of SEQ 11D NO, Ig-like domain 3 {aa 188-271 of SEQ 1D NO:1Y, Ig-like domain 4 {287-373
of SEQ 1D NGO, Ig-like domain § (aa 380-466 of SE I3 NO:1), Ip-like domain & {aa 490-358 of
SEQ D NO:y, Ie-like domein 7 {as 568-652 of SEQ ID NG:1), Ie-like domain & {aa §58-731 of 8EG
MmNy
Binding Assays and Cther Assays

In one aspect, an anti-FeRHS antibody is tested for {is antigen binding activity. For example, in
certain embidiments, an anti-FeRHS antibody is tested for its ability to bind to FeRHS expressed on the
surface of a cell. A FALS assay may be used for such testing.

In an exemplary competition assay, immobilized FoRHS is incubated in a sclution comprising a
first {abeled antibody that binds to FeRIS and 3 second unlabeled antibody that is being tested for is
ability io compete with the first antibody for binding 1o FeRHS. The second antibody may be present in
a hybridoms supernatant. As a control, immobilized FcRHS is ineubated in 8 solution comprising the

first fabelad antibody but not the second unlabeled antibody. After incubation under conditions
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permissive for binding of the frst antibody to FcRHS, excess unbound antibody is removed, and the
amount of label associated with immabilized FoRHS is measured. If the amount of label sssociated with
umnobilized FeRHS is substantially reduced in the test sample relative to the control sample, then that
indicates that the second antibody is competing with the first antibody for binding to FeRHS. In certain
smbodiments, immeobilized FoRH3 is present on the surface of a cell or in a membrane preparation
ohiained from a cell expressing FeRILS on its surface.

In one aspect, purified ant-FeRHS antbodies can be further characterized by a series of assays
mcluding, but not Himited 1o, N-terminal sequencing, amine acid analysis, non-denaturing size
gxciusion bigh pressure liguid clwomategraphy (HPLL), mass spectrometry, ion exchange
chromatography and papam digestion. In one embodiment, conternplated are an altered antibody that
possesses some but not all effector functions, which meke it a desirable candidate for many applications
in which the half life of the antibody in vive is impertant vet certain effector functions {such as
complement and ADCC) are unnecessary o1 deleferious, In certain embodiments, the Fo activities of the
antibody are measured to ensure that only the desired properties are maintained. In vitro andfor in vive
eytotoxicity assays can be conducied to contirm the reduction/depletion of CDC and/or ADRCC
activities, For example, Fo receptor (FoR) binding assays can be conductad 1o ensure thal the antibody
iacks FoyR binding (hence likely lacking ADCC activity), but retains FoRa binding ability. The
primary cells for mediating ADCT, NK cells, express FofRHT only, whereas monocytes express Fo(R],
Fe(RI and Fo(RIE FeR expression on hematopoietic cells is summarized in Table 3 on page 464 of
Ravetch and Kinet, Annu. Rev. Tmmunol, $:487-92 (1991}, An example of an in vitro assay to assess
ADCC getivity of a molecule of interest is described in U8, Pat. No. 5,500,362 or 5,821,337, Useful
etfector cells for such assavs inchude peripheral blood mononuclear cells (FBMC) and Natural Killer
{NE) cells. Altematively, or additionally, ADCC sotivity of the miolecnle of interest may be assessed in
vive, 2.2, in & animal model such as that disclosed in Clynes ef ¢ PNAS (USA) 95:652-656 {1998).
Clyg binding assays may alsa be carried out to confirr that the antibody is unable to bind Clg and
hence lacks CDC activity. To assess complement activation, 2 CDC assay, e.g. as deseribed in
Gazzano-Santoro ef gf, §. Irnmanol, Methods 202:163 {1996}, may be performed. Foln binding and in
vive clearance/half life determinations can also be performed using roethods known in the art,

1. Antibody Affinity

In certzin emboditents, an antibody provided herein has g dissociation constant (Kd) of
< 1pM, < 100 nbd, < 10 nM, <1 nb, 0.5 aM, <001 oM, or <0.001 oM, sod optionally is > 1077 M.
{eg WM orless, eg from WP Mo 107 M, ez, from 107 M 1o 1077 M)

In sore embodiments, ¥Kd may be measured by a radiolabeled antigen binding assay (B1A)
performed with the Fab version of an antibody of interest and iis antigen as described by the following
assay. Solotion binding sffinity of Fabs for antigen may be measured by equilibrating Fab with a
minimal concentration of {7 ¥i-labeled antigen in the presence of a titration series of unlabeled antigen,

then capturing bound antigen with an anti-Fab antibody-coated plate (see, e.g., Chen er gf, J. Mol Biol
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293:865-881(1999%). To establish conditions for the assay, MICROTITER® mult-well plates {Thermeo
Beientific) roay be coated overnight with 5 pg/ml of a capturing anii-Fab antibody (Cappel Labs) in 50
mM sodium carbonate (pH 9.6}, and subssguently blocked with 2% {(w/v) boving sen;in alburmin in
PBS for two to five hours at room tempersture {approximately 23°C), In a non-adsorbent plate (Nune
#269620), 100 pM or 26 pb {1l -antigen are mixed with serial dilutions of a Fab of interest {e.g.,
consistent with assessment of the anti-YVEGF antibody, Fab-12, in Presta ef of, Cancer Res. 574583
4380 (1907, The Fab of interest is then incubsated overnight; howsver, the incubation may continue for
a longer period {e.g., about 65 hours) to ensure that equilibrivim is reached. Thereatler, the mixtures
may be transferred 1o the capture plate for incubation &t room temperature {e.g., for one hourl, The
solotion may be then removed and the plate washed eight times with 8.1%4 polysorbate 20 {TWEEN-
207Y in PBS. When the plates have dried, 150 pLiwstt of scintillant (MICROSCINT-20™, Packard)
may be added, and the plates may be counted on & TOPCOUNT ™ gamma counter (Packard) for ten
roinutes, Concentrations of each Fab that give less than or equal to 209 of maximal binding may be
chosen for use i competitive binding assays.

According to another embodiment, ¥d is measured using surface plasmon resonance assays
using a BIACORE®-2000 or a BIACORE 3000 (BlAcore, Inc., Plscataway, NI} at 25°C with
mmnobilized antigen CMS chips at ~10 response units {RU}. Briefly, carboxymethylated dextran
biosensor chips (CM3, BIACORE, Inc.) may be sctivated with Methyl-N '~ (3-dimethylammopropyl}-
carbodiimide hydrochlonide (EDC) and M-hyvdroxysuccinimide (MNHS) according o the supplier’s
instructions. Antigen may be diluted with 19 mM sodium acetate, pH 4.8, 10 5 pg/mi {~0.2 pM) before
injection at a flow rate of 3 pl/minute to achieve approximately 18 response units (RU) of coupled
protein, Following the injection of antigen, 1 M ethanolamine may be injected 1o block unreacted
groups. For kinetics measurements, two-fold serial difutions of Fab {0.78 oM to 300 nM) may be
injected in PRS with 0.05% polysorbate 20 {TWEEN-20™) surfactant (FRST) at 25°C at & flow rate of
approximately 25 pl/min, Association rates (k) and dissociation rates (k) may be calculated using a
sinple one-to-one Langmuir binding model (BIACORE " Evaluation Software version 3.2} by
simultansoushy fitting the association and dissocistion sensorgrams. The equilibrium dissociation

constant (Kd) may be caloulated as thevatio k_ /K See, e.g., Chen er al, J Mol Biol 193:865-88]

{1889, If the on-rate exceads 106 M"g s'l by the surface plasmon resonance assay above, then the on-rate
may be determined by using s Huorescent quenching technigue that measures the inorease or decrease
in fluorescence emission intensity (excitation = 293 nm; emission = 340 nm, 16 nm band-pass} at 2570
of a 20 nM anti-antigen antibody (Fab form) in PBS, pH 7.2, i the presence of increasing
concentrations of antigen as measured in a spectrometer, such as a stop-flow squipped spectrophometer
{Aviv Instroments} or 2 8000-series SLM-AMINCO ™ spectrophotometer { ThermoSpectronic) with 2

stirred cuvetie,
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2. Augthody Fragmenss

In certain embodiments, an antibody provided herein is an antibody fragment. Antibody
fragments inchude, but are not Hmited to, Fab, Fab’, Fab'-8H, Flab’h, Fv, and scFv fragments, and
other fragments deseribed below. For a review of centain antibody fragments, see Hudson ef ol Nae
Med. $:129-134 (2003}, For a roview of scFv fragments, see, e.g., Pluckihiin, in The Pharmacology of
Monocional Antibodies, vol. 113, Rosenburg and Moore eds., {Springer-Verlag, New York), pp. 26%-
315 (1994 see alsn WO 93/16185; and U1K, Patent Nos, 5,571,894 and 3,587,458, For discussion of
Fab and F{ab'}, fragments comprising salvage receptor binding epitope residuss and having increased in
vivo half-life, see U5, Patent No. 5,868,048,

Disbodies are sutibody fragments with two antigen-binding sites that may be bivalent or
bispecific. See, for example, EP 404,007, WO 1993/01161; Hudson ef af., Nat. Med. $:128-134 (2003
and Hollinger et af., Proc. Natl Acad. Sci. US4 590: 6444-6448 {1993}, Triabodies and tetrabodies are
also deseribed in Hudson ef ol Nar Med, $:129-134 (20033,

Single-domain antibodies are antibody fragments comprising all or a portion of the heavy cham
variable domain or all or 2 portion of the light chain variable domain of an antibody. In certain
embodiments, a single-domain antibody is a human single-domain antibody {Domantis, Inc,, Waltham,
MA; see, eg, UL Patent No. 6,245,516 Bl

Antibody fragments can be made by various techniques, inchiding but not Hmited o proteciyiic
digestion of an intact antibody as well as production by recombinant host cells {e.g. £ coli or phage), as
described herein,

3. Chimeric and Humanized Antibodies

In certain embodiments, an antibody provided herein is 2 chimeric antibody. Certain chimeric
antibodies are described, e.g., in U.S. Patent No. 4,816,567, and Morrison ef af, Froc, Naidl, deoad, Sci
54, BL:6851-6855 (1984}, In one sxample, a chimeric antibody comprises a non-human variable
region {e.g., a variable region derived fronn a msuse, ral, hamster, rabbit, or non-human primate, such
as a monkey) and 8 human constant region. In g further example, 2 chimeric antibody s a “class
switched” antibody in which the class or subelass has Been changed from that of the parent antibody.
Chimeric antibodies inchade antigen-binding fragments thereof.

in certain embodiments, a chireric antibedy is 3 humanized antibody. Typically, 8 non-niman
antibody is bumanized to reduce imiumogenicity to humans, while retaining the specificity and affinity
of the parental non-human antibody. Generally, a humanized antibody comprises one or more variable
domaing in which HVRs, e.g., CD3¥s, {or portions thereot} are derived from 2 non-human antibody, and
FRs {or portions therect) are derived frore human antibody sequences, A humanized antibody
optionally will also comprise at least g portion of 8 human constant region. In some embodiments, some
FR restdues in a humanized antibody are substituted with corresponding residues from a non-human
antibody {e.g., the antibody from which the HVER residues are derived), e.g., ti restore or bnprove

antibody specificity or affinity.
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Humanized antibodies and methods of making them are reviewsd, e.g., in Almagro and
Fransaon, Froat. Bilosci. 13:1618-1633 2008}, and are further deseribed, e g, In Riechmann o of,
Nature 332:333-329 (1988, Gueen e al., Proc. Nae'l Acad. Sci. V84 86:10029-10033 {1988); US
Patent Nes, 5, 821,337, 7,527,791, 6,982,321, and 7,087,409, Kashmin ef of,, Methods 36:25-34 {2005
5 {describing SDR (3-CDR) grafting}); Padian, Mol Tmmuncl 28:489-498 {1991} (deseribing
“resurfacing’”’y; Dall’ Acqua ef ol | Methods 36:43-60 (2005) (describing “FR shuffling”}; and Oshourn
et al., Methods 36:61-68 (20035) and Kluvka ef of, B J Cancer, 83:252-260 (2000} {describing the
“eyided selection” approach io FR shuffling),
Human framework regions that may be used for humanization include but are not limited to
13 framework regions selected using the "hest-1it" method {see, e.g., Sims ef ¢l J. Tmmunol 151:2296
{1993}}; framework regions derived from the consensus seguence of human antibodies of a particular
subgroup of light or heavy chein variable regions (see, e.g., Carter e al. Proc. Nadl Acad. Sci. USA,
8G:4285 (199, and Presta ef ol J. foonuncl, 1512623 {1993)); human mature {somatically mutated)
framework regions or human germline framework regions (see, e.g., Almagro and Fransson, Froas
15 Bipscid 13:1619-1633 (2008}); and framnework regions derived from screening FR Hbraries (see, e.g.,
Baca e al., /. Bigl Chem. 272:10678-10684 (1897} and Rosok e of, J. Biol Chem. 2712261122618
{19963},
. Human Antibodies
In cortain embodiments, an antibody provided herein ix 2 human antibody. Human antibodiag
28 can be produced using various techoigues known o the art. Fhanan antibodies are described generally
in van Dijk and van de Winkel, Curr. Opin, Pharmacol, §: 368-74 (2001} and Lonberg, Curr. Opin,
Tmmanol, 20:450-459 (2008},
Human antibodies may be prepared by administering an immunocgen 1o & transgenic animal that
hias been modified to produce intact human antibodies or intact antibodies with hurnan varisble regions
25 inresponse to antigenic challenge. Such animals typically contain all or & portion of the human
immninoglobulin loci, which replace the endogenous immunogiobulin loci, or which are present
extrachromosommally or integrated randomly into the animal’s chromosomes. In such transgenic mice,
the endogenous inununoglobulin loci have generally been inactivated. For review of methods for
obtaining human antibodies from transgenic animals, see Lonberg, Mot Biotech. 23:1117-1125 (2005).
30 Seealso, eg., U.S. Patent Mos. 6,073,181 and 6,150,584 describing XENOMOUSE™ wchnology; U.S.
Patent Mo, 5,770,429 describing HUMAB®R technology; ULE, Patent N, 7,041,870 degeribing K-M
MOUSE® technology, and U8, Patent Application Publication Ny, US 2007/0061900, describing
YELOCIMOUSE® techmology). Human variable regions from intact antibodies generated by such
animals may be further modified, e.g., by combining with & different human constant region.
35 Huroan antibodies can alse be roade by hybridoma-based methods. Hursan myeloma and
mouse-tniman heteromyeioma cell Hnes for the production of human monoclonal antibodies have been

deseribed. {See, e.g., Kozbor J. fowuenal, 133: 3001 (1984); Brodewr ef gl Monocional dniihody
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Production Technigues and Applications, pp. $1-63 (Marcel Dekker, Ine., New York, 1987); and
Boemer ef ol J Immunod., 147: 86 {19811} Human antibodies gensrated via human B-cell hybridoma
technology are also described in Lier al, Proc. Nail Acad. Sci, US4, 103:3557-3562 (2006).
Additional methods include those described, for example, in US. Patent No. 7,189,826 (describing
production of monoclonal human IgM antibodies from hybridoma cell lines) and Wi, Xanda!
Mianyizue, 26{43:265-268 (2006} {describing buman-human hybridomas). Human hybridoma
technology (Trioma technology) is also described in Vollmers and Brandlein, Mistology and
Histopathology, 20(33:927-837 {2008} and Vollmers and Brandlein, Methods and Findings in
Experimentad and Clinical Phaymacology, 27(331853-81 (20465

Human antibodies may also be generated by isolating Fv clone variable domain sequences
selected from buman-derived phage display libraries. Such variable domain sequences may then be
combined with a desived numan constant domain. Techniques for selecting human antibodies from
antibody Hbraries are deseribed below,

5. Library-Derived Antibodies

Antibodies wrovided herein may be isolated by sereening combinatorial libravies for antibodies
with the desired activily or getivities, For example, a variety of methods are known in the art for
generating phage display libraries and screening such libravies for sntibodies possessing the desired
binding characteristics. Such methods are reviewed, e.g., in Hoogenboom ef ¢f. in Methods in
Moleculnr Biology VI8:1-37 (" Brien ef al., ed., Human Press, Totowa, NI, 2001 and further
described, g, in the MoCafferty ef of, Nature 348:552-3584; Clackson et al., Nature 352, 624-628
{1991); Marks er ol , J Mol Biol 222: 581-397 (1992); Marks and Bradbury, in Methods in Molecular
Binlogy 248:161-175 (Lo, ed., Human Press, Totows, NI, 2003); Sidhu ef af, J Mol Biol 338(2) 295
310 (20043 Lee er al, J. Mol Riol 340(8): 1073-1083 {2004); Fellouse, Proc. Natl dead. Sci. US4
10834y 12467-12472 (2004); and Les er ol J Ivmunol, Methods 28412y 119-132{2004).

In centain phage display methods, repertoires of VH and V1 genes are separately cloned by
polymerase chain reaction (PCR}) and recombined randomly in phage libraries, which can then be
screened for antigen-binding phage as described {n Winder ef ol dnn. Rev, fmmunol, 12: 433435
{1994}, Phage typically display antibody fragments, sither as single-chain Fv (scFv) fragments or as
Fab fragments, Libraries from mmunmized sources provide high-affinity antibodics to the imnunogen
withowt the requirement of constructing hybridomas. Ahematively, the naive repertoire can be cloned
{e.g., from buman} to provide a single source of antibodies 1o a wide range of non-self and also self
antigens withow! any monunization as described by Griffiths es of, FAMBG .J 13 725734 {1893).
Finally, naive libraries can also be made synthetically by cloning uorearranged V-gene segmentis from
stem cells, and using PCR primers containing random sequence to eocode the highly variable CDR3
regions and o accoroplish rearrangement in vitre, as described by Hoogenboom and Winter, J Mol

Biol., 2277 381-388 (1992}, Patent publications deseribing human antibody phage Ubraries inchude, for
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example: US Patent Mo, 5,750,373, and US Patert Publication Nos, 20035/0079374, 20050119455,
20034266000, 2007/0117126, 2007/0160898, 2007/0237764, 2007/0202936, and 2008/0002340.

Antibodies or aniibody fragments isolated from human antibody Hbraries are considered human
antibodies or human antibody fragments herein.

& Multispecific Antibodies

in certain embodiments, an antibody provided herein is 2 multispecific antibody, 2.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 is for any other antigen. In certain embodiments, one of the binding specificities is for FeRHS
and the other is fir CD3. See, e.g., UL, Patent No. 5,821,337, In cerlain embodiments, bispecific
antibodies mayv bind o two different epitopes of FCRHS. Bispecific antibodies may also be used to
localize eytotoxic agents to cells which express FeRHS. Bispecific anttbodies can be prepared as full
length antibodies or antibady fragments.

in some embodiments, the FeRHS antibodies are FeRHS bispecific antibodiss. Bispecific
antibodies are antibodies that have binding specificities for at least two different epiiopes. Exemplary
bispecific antibodies may bind to two different epitopes of an FeRHS protein as deseribed hersin. Other
such antibodies may combine an FoRHS binding site with a hinding site for another protein.
Alternatively, an anti-FeRHS srm may be combined with an arm which binds to a triggering molecule
on a lenkooyte such as a T-cell receptor molecule {e.g. CI¥3Y, or Fo receptors for 1gG (FoyR), such as
FeyRE{CDS4), FoyRE {CD32) and FoyRUE{CDSY, g0 as to focus and localize celluiar defense
mechanisms (o the FeRHS-expressing cell. Bispecific antibodies may also be used to localize cviotoxic
agenis o cells which express FeRHS. These antibodies possess an FoRHS-binding arm and an arm
which binds the cyiotoxic agent {e.g., saporin, anti-interferon o vinca alkaloid, rivin A chain,
methotrenate or radicactive isotope hapten). Bispecific antibodies can be prepared as full length
antibodies or antibody fragments {e.g., F{ab'); bispesific antihodies). In some embodiments, the anti-
FoRHS antibody binds an isoform c-specific region of the extracellular domam of FeRESe. Insome
ambodiments, the anti-FoRHS antibodies binds Ig-like domain 9 of FeRHS¢,

In some emmbodiments, the FeRHS bispecific antibody comprises a first arm, wherein the first
arm binds FeRHS and a second arm, wherein the second amm binds 2 Fo. The second arm of the FeREHS
bispecific antibody may be any anti-Fo antibody known in the art. For example, WO 96/16673
describes a bispecific anti-ErbB2/anit-FoyRU antibody and U8, Pal. No. 5,837,234 discloses a
bispecific anti-ErbB2/anti-FeyR1 antibody. A bispecific anti-ErbB2/Fea antibody s shown in
WOOR02463. In some embodiments, the anti-FeRHS antibody binds an isoform c-specific region of the
extraceiinlar domain of FoRHSec. In some embodiments, the anti-FeRIS antibodies bingds Ig-like
domain 9 of FeRIS<c.

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 CD3, The second arm of the FeRHS
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bispecific antibody may be any anti-CD3 antibody known n the an, 1.8, Pat, Nos, 5,821,337 and
6,407,213 teach bispecific anti-ErbB2/ani-CD3 antibodies, Additional bispecific antibodies that bind
an epitope on the CD3 antigen and a second epitope have been deseribed. See, for example, U8, Pat
Mo, 5,078,998 {anti-CD Y tumor cell antigeny; U8, Pat. No. 5,501,319 {anti-CDAIL-2R; antl-
CO3CD2R; anti-CRA/C45), ULS, Pat, Mo, 6,129,914 {anti-CD3/malignant Becell antigen); U.8. Pat,
Mo, 7,112,324 {ant-CD3/CH19); U8, Pat. No. 6,723,538 (ant-CD3/CCREY, U1LR, Pat. No, 7,235,641
{antd-CD3/EpCAM); UK. Pat. No. 7,262,276 (anii-Cl¥3/ovarian tumor antigen); and U8, Pat. No.
5,731,168 (anti-C33/CD4g(), which are incorporated by reference in thelr entirety, I some
ermbodiments, the anti-CD3 antibody of the second arm is an antibody described in any one of WO
Z003/L1883S, WOR00T/42261, WOIO0R/1 19367, USSER0212, URETS0323, US6401916, UST9042184,
USTO83641, LIS6T06265, TISSAEA007, USS988309, USS032448, UR6129%914, URST3R1803,
US5834597, andUSTR622813, which are incorporated by reference in their entirety. In some
embodiments, the anti-FcRHS antibody binds an isoform c-specific region of the exiraceliular domain
of FeRHSc¢. In some embodiments, the anti-FeRH3 antibodies binds Ig-itke domain § of FoRHS%¢.

Techrigues for making roultispecific antibodies include, but are not Hmited to, recombinant oo~
expression of two inmunoglobulin heavy chain-light chain pairs having different specificities {see
Milstein and Cuello, Nofere 3050 537 (1983, WO 93/08829, and Traunecker er g, FAIRG J 10: 3655
{1991}, and “kuob-in-hole” engineering {(see, 2.g., 1.8, Patent Mo, 5,731,168}, Muli-specific
autibodies may also be made by engineering electrostatic steering effects for making antibody Fe-
heterodimeric molsoules (WO 2009/083004A1); oross-linking two or more antibodies or fragments
{see, e.g.. UUS Patent No. 4,676,980, and Brennan ¢f of, Science, 229: 81 (1985}); using leucine zippers
o produce bi-speciiic antibodies (see, e.g., Kostelny er ol 2 Iwnunol, 148(53:1547-1553 {1992}y,
using "digbody” technology for making bispecific antibody fragments {(see, e.g., Hollinger ef al,, Proc.
Natl dead. Sci. US4, %0:6444-6448 (1993)); and using single-chain Ty {sFv) dimers {see, e.g. Gruber
ef al, J fmmunol, 152:5368 (1994} and preparing trispecific antibodies as described, e.g., in Tutt 21
al. J Immuncl 14760 (1981

Engineered antibodies with three or more functional antigen binding sites, inchuding “Octopus
antibodies,” are also included herein {see, e.g US 2006/0025576A1 ).

The antibody or fragment herein also includes a “Dual Acting FAB” or “DAF” comprising an
antigen binding siie that binds to FeRITS as well as another, different antigen {see, U8 2008/0069820,
for example}.

According to a different approach, antthody variable domains with the desired binding
specificities {antibody-antigen combining sites) are fused to immunoglobulin constart domatin
segquences. Prefurably, the fusion is with an [ heavy chain constant domain, comprising st least pant of
the hinge, Ty, and Cyy regions. It is preferred to have the first beavy-chain constant region (T
coniatning the site necessary for light chain bonding, present in al least one of the fusions, DNAg

encoding the tmmunoglobulin heavy chain fusions and, if desired, the immunoglobulin light chain, are
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inserted o separate expression veotors, and are co-tranafected ko 2 suitable host cell. This provides
for grester flexibility in adjusting the moutal proportions of the three polypeptide fragments in
ernbodiments when unequal ratios of the three polypeptide chains used in the construction provide the
optimun yield of the desired bispecific antibody. It is, however, possible t©© insent the coding sequences
for two or all three polyvpeptide chains inio a single expression vector when the expression of at least
twa polypeptide chains in equal ratios results in high yields or when the ratios heve 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 {irst binding specificity in ong arm, and a hybrid invnunoglebulin heavy chain-light
chain pair {providing a second binding specificity} in the other arm Tt was found that this asymmetric
structure facilitates the separation of the desived bispecific compound from unwanted immunoglobulin
chain combinations, as the presence of an inununcglobulin light chaln in ondy ong half of the bispecific
molecuie provides for a facile way of separation. This approach is diselosed in W 84/04694G, For
further details of generating bispecific antbodies see, for example, Suresh 22 ¢l , Methods in
Enzymology 121216 {1838},

According to another approach described in ULS. Pat. No. 5,731,188, the interface betweesn a
pair of antibody molecules can be enginsered o maximize the percentage of heterodimers which are
recovered from recombinant cell colture. The preferred interface comprises at least a part of the Cys
domai. In this method, one or more small amine acid side chains from the interface of the first
antibody moelecule are replaced with larger side chains {e.g., tyrosine or tryptophan). Compensatory
"ravities” of identical or sunilar size to the large side chain(s) are created on the interface of the second
anttbody molecule by replacing largs amino acid side chains with smaller ones {e.g., alanine or
ihreoning). This provides a mechanism for increasing the vield of the heterodimer over other unwanied
end-products such as homodimers. Bisperitic antibodies produced in accordancs with this approach are
referrad 1o herein as "protuberance-into-cavity” antibodies.

Bispecific antibodies include cross-linked or "hetervconjugaie” antibodies. For exarmple, one of
the antibodies in the heterocomjugaie can be coupled 1o avidin, the other 1o biotin, Such antibodies have,
for example, been proposed to target inunune system cells to unwanted cells (1.8, Pat. No. 4,676,980},
and for freatment of HIY infection (WO 81/00360, WO 92/200373, and EF 03089). Heteroconjugate
antibodies may be made using any convenient cross-linking methods. Suitable cross-linking agents are
well known in the art, and are disclosed in U8, Pat. No. 4,678,980, along with a number of cross-
Hnking technigues.

Technigues for generating hispecific antibodies from antibody Fragments have also been
described in the Hterature, For example, bispecific antibodies can be prepared using chemical Hnkage,
Brennan ef af., Science 229:831 {1985} deseribe s procedure wherein intact antibodies are proteslytically
cleaved to generate Flab'), fragments. These fragments are reduced in the presence of the dithiol

complexing agent, sodium arsenite, to stabilize vicinal dithiols and prevent intermolecular disulfide
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formation. The Fab' ragments generated are then converted to thionitroheneoate {ITNB) derivatives.
One of the Fab'~TNB derivatives is then reconverted o the Fab'-thiol by reduction with
mercaptoethylamine and is mixed with an equimolar amount of the other FabVTNB dertvative to form
the bispecific antibody. The bispecific antibodies produced can be used as agenis for the selective
immobilization of enzyvmes.

Fab'-SH fragimments from £ cofi can be divectly recovered and chemically coupled to form
bispecific antibodies. Shalaby ef of | J. Exp. Med. 175: 217-225 {1992 describe the production of a
fully humanized bispecific antibady F{ab™, molesule, Each Fab' fragment was separately seoreted from
&. coli and subjected o directed chemical coupling in vitro (o form the bispecific antibody. The
bispecific antibody thus formed was able to bind to cells overexpressing the ErbB2 receptor and normal
human T cells, as well as tngger the Iytic activity of buman cytotoxic hymphooyies against human
breast tumor targeis.

Vartous techniques for making and isolating bispecific antibody fragments directly from
recombinant cell culture have also been described. For example, bispecific antibodies have been
produced using leucine zippers. Kosteloy ef al, J fmeume!, TAR(S):1547-1583 {1992). The leucine
zipper peptides from the Fos and Jun proteins were lnked to the Falby' portions of two different
antibodies by gens fusion. The antibody homodimers were reduced at the hinge region to form
moenomers and then re-oxidized to form the antibody heterodimers. This method can also be utilized for
the production of antibody homodimers. The "disbody” technology deseribed by Hollinger ef af., Proc.
Nail dead. Scil USA 90:6444-6448 (1993) has provided an aliernative mechanism for making
bispecific antibody fragmaents, The fragments compriss 3 VH connecied to a VL by a Hoker which is
too short to allow pairing between the two domains on the same chain. Accordingly, the VH and V1L
domains of ons fragment are forced to pair with the complementary YL and V domaing of another
fragment, thereby forming two antigen-binding sites. Another strategy for meking bispecific antibody
fragmenis by the use of single-chain Fv {sFv) dimers has alse heen reported. See Gruber ef gl J.
fmunci., 152:53368 {1994),

Antibodiss with more than two valeneies are contemplated. For example, trispecific antibodies
can be prepared. Tult er of, S Immuncl. 147606 (1881,

& Ansbody Variants

in ceriain embodiments, amino acid sequence varianis of the antibodies provided herein are
conternplated. For example, it may be desirable 1o improve the binding affinity and/or other biclogical
properties of the antibody. Amino acid sequence varlanis of an antibody may be prepared by
introducing appropriate modifications into the nucleotide sequence encoding the antibody, or by peptide
synthesiz, Such medifications nclude, for sxample, deletions from, and/or msertions into andfor
substitutions of residues within the amino acid sequences of the antibody. Any combination of deletion,
insertion, and substitution can be made to arrive at the final construat, provided that the final construct

possesses the desired characteristics, ¢ g., antigen-binding,
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8} Substitution, Insertion, and Deletion Varianis

In ceriain embodiments, sntibody variants having one or more amine acid substitations are
provided, Sites of interest for substitutional mutagenesis include the HYRs 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 "exermnplary substitutions,” and as further
described below in reference o amino acid side chain classes. Aming acid substitutions may be
introduced indo an antibody of interest and the produets sereened for a desired activity, e.g.,

retained/improved antigen binding, decreased mumunogenicity, or improved ADCC or CDC,

TABLE
Original Fxemplary Preferred
Raecidue Subsiitutions Bubstitutions
Ala{A) Val; Leu; le Yal
Arg (1} Eya; Gl Asn Lys
Asn {IN} Glng His; &sp, Lys; Asg Fin
Asp (I 3l Asn Glu
Cys {0} Ser; Ala Ser
Gin {3 Asn; Glo Asn
Giu (B} Aaxap; Gln Asp
Glv (G} Ala Ala
His (3} Asmg Glng Lys; Arg Arg
He {5 Leu; Val; Met; Ala; Phe; Norleucing Leu
Leu (i) Morleucine; [le: Val; Met; Ala; Phe e
Lvs {K} Arg: Gin; Asn Arg
Met (M} Leu; Phe; e Leu
Phe {F} Trp; Leu; Val; e Ala; Tyr Tyr
Pro (P} Ala Ala
Ser {8) Thr Thr
Thr (1) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr {Y} Trp; Phe; The Ser Phe
Yal (V) fie; Len; Met; Phe; Ala; Norleucine Leu

Amine acids may be grouped according to common side-chain properties;
{11 hyvdrophobic: MNorleucine, Met, Alg, Val, Ley, le;
{2} neutral hydrophilic: Cys, Ser, Thr, Asn, Ghy;
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£3) acidic: Asp, Ghy;

{4} basic: His, Lys, Avg

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

{5} aromatic: Trp, Tyr, Phe.

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

One type of substitutional variant involves substituting one or more hypervariabie region
residues of a parent antibody {e.g a humanized or human antibody). Generally, the resulting variani(s)
selectad for further study will have modifications {e.g., improvements) in certain biological properties
{e.g., increased affinity, reduced tnmunogenicity) relative to the parent antibody and/or will have
substantially retained certain bivlogical properties of the parent antibody. An exemplary substitutional
variant is an affinity matured antibody, which may be conveniently generated, e.g., using phage
display-based affinity maturation techniques such as those described herein. Briefly, one or more HVR
residues are mutated and the variant antibodiss displaved on phage and screened for a particular
Biological activity {e.g. binding affinity).

Alterations {e g, subatitutions) may be made in HVRs, e.g., to improve antibody affinity. Such
alterations roay be made in HVR “botspots,” Le,, residues encoded by codons that undergo rutation at
high frequency during the somatic maturation process {see, e.g., Chowdhury, Methods Mol Binl
207:179-196 (2008)), and/or SDRs (3-CDRa), with the resulting variant VH or VL being tested for
binding affinity. Affinity meturation by constructing and reselecting from secondary libraries has been
described, eg., in Hoogenboom ef al. in Merhods in Molecnlar Biology 178:1-37 (O Brien et af, ed.,
Human Press, Totowa, MNJ, (2001).) In some embodiments of affinity maturation, diversity is introduced
into the variable genes chosen for maturation by any of 8 variety of methods {e.g., error-prone PCR,
chain shuffling, or sligonuclestide-directed mutagenesis). A secondary library is then created. The
tibrary is then screened o identify any antibody variants with the desired affinity. Another method o
introduce diversity involves HYR-directed approaches, in which several HVR residues (e.g., 4-6
residues at 3 time} are randomized. HVR residues involved in antigen binding may be specifically
identified, e.g., using alanine scanning mutagenesis or modeling, CDR-HY and CDR-L3 in particular
are often targeted.

in certain embodiments, substitutions, insertions, or deletions may occur within one or more

HYKs s0 long as such alterations do not substantially reduce the ability of the antibody to bind antigen.
For gxample, conservative alierations {e.g., conservative substitutions as provided herein) that do not
substantially reduce binding affinity may be made in HVRs. Such alierations may he outside of HVR
“hotspots” or SDRs. In certain embodiments of the variant VH and VL sequences provided above, sach
HYVR gither is unaliered, or contains no more than one, two or three amino acid substitations,

A usetul method for identification of residues or regions of an antibody that may be targeted for

mttagenesis is called "alanine scanning nuutagenesis” as described by Cunningham and Wells (1989)
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Science, 144:1081-10835. In this method, a residue or group of target residues {e.g., charged residues
such as arg, asp, his, lys, and glu) are identified and replaced by 2 neutral or negatively charged amino
acid {e.g., alanine or polyalanine) o determine whether the interaction of the antibody with antigen is

affected. Further substitutions may be introduced at the amine acid locations demonstrating functional

U

sensitivity 1o the tuitial substitutions. Alternatively, or additionally, 2 crystal structure of an antigen-
aniitbody compliex is used to identify contact points between the antibody and antigen. Such contact
residues and neighboring residues may be targeted or eliminated as candidates for substitution, Variants
may be screened 0 determine whether they contain the desived properties.

Amino acid sequence insertions inchide amino- and/or carboxyl-terminal fusions ranging in
10 length from one residue to polypeptides containing a hundred or more residues, a5 well as intrasequence
insertions of single or nuiltiple aming acid residues. Examples of terminal insertions include an
antibedy with an M-terminal methionyl residue. Gther insertional variants of the antibody molecule
include the fusion to the N- or C-terminus of the antibody 1o an enzyme {e.g. for ADEPTora

polypeptide which increases the serum half-life of the antibady.

e
[

By Glvsesylation varianis

Inn certatn smmbodiments, an antibody provided hersin is altered to increase or decrease the
extent to which the antibody is glyeosylated. Additon or delstion of glveosylation sites to an antibody
may be conventently accomplished by aliering the amino acid sequence such that one or mors
glycosylation sites is created or removed.

20 Where the antibady comprises an Fo region, the carbohydrate attached therete may be aliered,
Native antibodies produced by mammalian cells typically comprise g branched, biantennary
oligosaccharide that is generally attached by an N-linkage to Asn297 of the CH2 domain of the Fo
region, See, e.g., Wight et af. TTBTECH 13:26-32 (1997). The oligosaccharids may include various
carbohvdrates, e.g., mannose, N-acetyl ghicosarning (GlcNAC), galactose, and sialic acid, as wellas a

25 fucose attached to a TGleNAe in the “stem” of the biantenmary oligosaccharide structure. In some
embodiments, modifications of the oligosaccharide in an sntibody provided herein may be made in
order to create antibody variants with certain improved properties.

In one embodiment, antibody varianis are provided having a carbohvdrate structure that lacks
fucose attached (directly or indirectly) to an Fe region. For example, the arnount of fucose in such

3¢ antibody may be from 196 to 809, from 196 to 659%, from 3% 10 65% ar from 20% to 40%. The amount
of fucose is determined by caloulating the average amound of fucose within the sugar chain at Asn297,
relative to the sum of all giycostructures attached o Asn 297 (& g complex, hybrid and high manmose
structures} as measured by MALDLTOF masg specirometry, as described in WO 2008/0773544, for
example. Asn297 refers to the asparagine residue located at about position 297 in the Fo reglon (Bu

25 numbering of Fo region residues); however, Asn297 may also be located about & 3 amino acids
upstream or downsiream of position 297, fe., betwesn positions 294 and 300, due to minor sequence

variations in sntibodies. Such fucosylstion variants may have improved ADCC function. See, e.g., US

L4
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Patent Publication Nos. UB 2003/01 57108 (Prests, L.); US 2004/0023621 (Kvows Halkko Kogyo Co.,
Ltd). Exarmples of publications related to “defucosylated” ar “fucose-deficient” antibody variants
nclide: US 20030157108, WO 2000/61739; WO 2001/29246; US 2003/0115614; 1J8 2002/0154328;
US 2004/0093621; US 2004/0132140; US 2004/0110704; 18 2004/01 10282; US 2004/0109865; WO
200385118, WO 2003/0845370; WO 2008/035586; WO 2008/035778,; WO2005/053742,
WOIB0Z/031140; Okazald ef ol J. Mol Biod 336:1239-1349 (3004}; Yamane-Ohnuki ef ol Biotech.
Biveng. 87 614 {2004). Bxamples of cell lines capable of producing defucosylated antibodies include
Lecl3 CHE cells deficient in protein fucosylation (Ripka ef @l droh. Biochem. Biophvs. 249:533.545
{1986); US Par Appl No LIS 2003/0157108 A, Presta, L; and WO 2004/056312 Al, Adams et al,
especiatly at Example 11}, and knockout cell lines, such as aipha-1,6-fucosyliransferase gene, ¥U78,
knockout CHO cells {see, e.g., Yamane-Ohnuki ef af. Biotech. Riseng. 87 614 (2004); Kanda, V. ef af,
Bivtechnol Biseng., 94{41:6R0-638 (3006); and WOZHU3/085107),

Antibodies variants are further provided with bisected oligossccharides, e.g., in which a
biantennary oligosaccharide attached to the Fo region of the antibody is bisected by GlclAc. Such
antibody variants may have reduced fucosylation and/or improved ADCC function. Examples of such
antibody vanants are described, e.g., in WO 2003/011878 (Jean-Mairet ef ol }; US Patent Mo. 6,602,654
{Umang ef gl ) and US 2005/0123546 (Umana o7 ol). Antibody variants with at least one galaciose
residue in the eligossceharide attached to the Fe reglon are also provided. Such antibody variants may
have improved CDC function. Such antibody variants are described, e.g., in W 1897/30087 (Patel ef
aly; WO 1998/58064 (Raju, 8.); and WO 1999722764 (Raju, 8.},

¢} Ferepion varianis

In certain ernbodiments, one or mors aming acid moedifications may be introduced into the Fo
region of an antibody provided herein, thereby generating an Fo region variant. The Fe region variant
may comprise & human Fo reglon sequence {e.g., 3 human 1gG1, 1gG2, 1063 or 1gG4 Fo region)
comprising an arning scid modification {e.g. 2 substitution) al one or more aming acid positions,

in certain embodiments, the invention contemplaies an antibody variant that possesses some but
not all effector functions, which make it a desirable candidate for applications in which the half-life of
the antibody in vive is important yet certain effector functions (such ag complernent and ADCC) are
unnecessary or deleterious. fn vigre and/or in vive cyiotoxicity assays can be conducted to confirm the
reduction/depletion of CDC and/or ADCC getivities. For example, Fo receptor (FoR) binding assavs
can be conducted t0 ensure that the antibody lacks FoyR binding (hence likely lacking ADCC activity),
but retains FoRa binding ability. The primary cells for mediating ADUC, NK cells, express Fo{RII
only, whereas monocytes express Fo{RI, Fo(RI and Fe(RIL FoR expression on hematopoistic cells is
summnarized in Table 3 on page 464 of Raveteh and Kinet, danu. Rev. Dummol $:457-492 (19913,
MNon-limiting examples of in vitro assays to assess ADCC activity of 8 molecule of interest is described
in U5, Patent No. 5,500,362 {see, 2.y Hellstrom, 1 e al. Proc, Nar? Acad. Soi U754 8370597063
{1986} and Hellstrom, 1 ef al, Proc. Nar'l doad. Soi. USA 82:1499-1502 {1985); 5,821,337 {see
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Bruggemann, M. e ol , J Exp Med 166:1351-1361 {1987)). Alternatively, non-radioactive assays
methods may be employed {see, for example, ACTI™ nonradivaciive cytotoxicity assay for flow
cviometry {Cell Technology, Inc. Mountain View, CA; and CytoTox 96 non-radicactive cytotosicity
assay (Promegs, Madison, W), Useful] effector cells for such sssays include peripheral biood
mononuclear cells {PBMC) and Natural Killer (NK) cells. Alternatively, or additionally, ADCC activity
of the molecule of interest may be assessed in vive, e.g., In an animal mode! such as that disclosed in
Clynes et al. Proc. Nat'l dcad. Sci. U8A 95:6532-656 (19981, Clg binding assays may also be carried
out 1o confirm that the antibody is unable to bind Cly and hence lacks ODC activity. Ses, eg, Tlg and
3¢ binding ELISA in WO 2006/029879 and WO 2005/100402. To sssess complement activation, 2
CD agsay may be performed (see, for example, Gazzano-Santoro ef al., J Immunod, Methods 202:163
{1996Y, Cragg, M.S8. et al, Blood 101:1045-1032 {2003); and Cragg, M.S. and M.1. Glermie, Blood
103 2738-2743 {26043}, FoRo binding and i vive clearance/half-life determinations can also be
performed using methods known in the ant {see, e.g., Petkova, 8.8, et af, fnt’L Immunol, 18(121175%-
1769 {20063},

Auntibodies with reduced effector function include those with substitution of one or more of Fe
region residucs 238, 268, 269, 270, 297, 327 and 329 (U.S. Patent Mo, 6,737,056}, Such Fo oostanis
incheds Fo mutants with substitstions at two or more of amine acid positions 263, 269, 278, 297 and
327, moluding the so-calied “DANA” Fo mutant with substitution of residues 265 and 297 to alanine
{1JS Patent No. 7,332,581

Certain antibody variants with imnproved or diminished binding t¢ FcRs are described, {S2e,
e.g., U.B. Patent No. 6,737,056, W 2004/056312, and Shields er ¢l J. Biol Chem. S{(2): 6591-6604
{20013

In certain embodiments, an antibody variant comprises an Fe region with one or more aimino
acid substitutions which improve ADCC, e.g., substitutions gt positions 298, 333, and/or 334 of the Fo
region (EU numbering of residues).

In some embodiments, alterations are made in the Fo region that result in altered {(L.e., sither
tmproved or diminished} Clyg binding and/or Complement Dependent Cytotoxicity {CDCY, ez, as
described in US Patent No. 6,194,551, WO 99/51642, and Idusogie et ¢l J. Immunol 164: 4178-4184
{2000,

Antibodies with increased half-lives and improved binding to the neonatal Fe receptor (FoRnj,
which is responsible for the transfer of maternal IgGs to the fetus (Guyer ef o, J. Inomenol 117587
{1976) and Kim ef af, J fmmunol 24:249 {1994)), are described in US2005/001493447% (Hinton o2
@i} Those antibodies comprise an Fe region with one or more substitutions therein which improve
binding of the Fo region to FeRn. Such Fo variants include those with substitutions at one or more of Fo
region resicaes: 238, 286, 263, 272, 286, 303, 305, 307, 311, 312, 317, 340, 336, 360, 362, 376, 378,
386, 382, 413, 424 or 434, e g., substitution of Fe region residue 434 {18 Patent No. 7,371,826},

54



5

10

15

25

(23
(B3]

WO 2014/210064 PCT/US2014/043952

See also Duncan & Winter, Nagewre 322:738-40 (1988); U.5. Patent Mo, 5,648,260; U.S. Patent
No. 3,624,821 and WO 94/29351 concerning other sxamples of Fo region variants,

4y Cystelne enzineered antibody variants

En certain embodiments, it may be desirable to create cysieine engineered antibodies, e.g.,
“thioMADbs,"” in which one or more residuss of an antibody are substituted with cysteine residues. In
particular embodiments, the substituted residues occur a1 accessible sites of the antibody. By
substituting thoss residues with cysieine, reactive thiol groups are thereby positioned at accessible sites
of the antibody and may be used o conjugats the antibody io other moieties, such as drug moieties or
iinker-drug moieties, to create an immunoconjugats, as described further herein. In certain
embodiments, any one or mors of the following residues may be substituled with cysteine: V205 {Kabat
asumbering) of the light chaing A118 (EU numbering) of the heavy chain; and 8400 {EU numbering} of
the heavy chain Fe region, Cysteine engineered antibodies may be generated as described, 2.2, in U8,
Patent Mo, 7,521,541

e} Antibody Derivatives

In centain embodiments, an antibody provided hersin may be further modified 1o contain
additional nonproteinacsous moieties that are known in the art arud readily available. The moisties
suitable for derivatization of the antibody inchude but sre not Houted to water soluble polymers. Non-
limiting examples of water soluble polyvmers include, but are not limited o, polvethylens glycol (PEG),
copolymers of ethylene glyveolpropyiene glyeel, carboxymethylostiulose, dexivan, polyvinyl aloohol,
polyviny! pyrrolidone, poly-1, 3-dioxslane, poly-1,3 6-trioxane, sthylene/maleic anhydride copolymer,
polyaminoacids {either homopolymers or random copolymers), and dextran or poly{n-viny
pyrrofidoneipolyethylens glyeol, propropylene glycol homopolymers, prolypropylene oxide/ethyiene
onide co-polymers, polyvoxysthylated polvols {e.g., glveerol}, polyvinyl aleohol, and mixiures thereof.
Palvethylene ghyoo! propionaldehyde may have advantages in manufacturing due to its stability in
water. The polymer may be of any molecular weight, and may be branched or unbranched. The number
of polymers attached 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 and/or type of polymers used for derivatization
can be determined based on considerations including, but not limited to, the particular properties or

upotions of the antibody to be ruproved, whether the andibody derivative will be used in a therapy
under defined conditions, eic.

In another embodiment, conjugates of an antibody and nonproteinaceous molety that may be
selectively heated by exposure to radiation are provided. In one embodiment, the nonproteinaceous
maodely is g carbon nanctube {Kam ef al, Proc. Natl dcad. Soi. US4 102: 11800-11605 {2005)). The
radiation may be of any wavelength, and includes, but is not limited to, wavelengths that do not harm
ordinary cells, but which heat the nonproteinacesus modely (o a temperature at which cells proximal to

the antibody-nonproteinacecus molety are killed,
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8. Recombinant Methods and Compesitions

Antibodies may be produced using recombinant methods and compositions, e.g., as deseribed
in LLS, Patent No. 4,816,567, In one embodiment, isolated nucleic acid encoding an anti-FoeRHS
antibody described hersin is provided. Such nucleic acid may encode an amine acid sequence
connprising the VL and/or an amine acid sequence comprising the VH of the antibody {e.g., the light
and/or heavy chains of the antibody). In g further embodiment, one or more vectors {e.g., expression
vectors) comprising such nucleie acid are provided. In a further erbodiment, a host cell comprising
such nucleic acid is provided. In one such embodiment, g host cell comprises {e.z., has been
transformed with): (1) a vector comprising a nucleic acid that encodes an amino acid sequence
comprising the Vi of the antibody and an amino acid sequence comprising the VH of the antibody, or
{2} a first vector comprising a nucleis acid that encodes an aming acid sequence comprising the VL of
the antibody and a second vecior comprising s nucleic acid that encodes an amino acid sequence
comprising the VI of the antibody. In one embodiment, the host cell is eukarvotic, e.g. a Chinese
Hamater Ovary {CHO) cell or lymphoid cell {eg., Y0, NBG, 8p20 cell). In one embodiment, a method
of making an anti-FcRHS antibody is provided, wherein the methed comprises culturing 2 host cell
comprising & nucleic acid encoding the antibody, as provided above, under conditions suitable for
expression of the antibody, and optionally recovering the antibody from the host cell {or host cell
cuhture medivmy),

For recombinant production of an ant-FoRHS antibody, muelsic acid encoding an antibody,
e.z., 88 described above, is isolated and inserted into one or more vectors for further cloning and/or
expression in a host cell. Such nucleic acid may be readily isolated and sequenced using conventional
procedures {e.g., by using oligomicieotide probes that are capable of binding specifically to genes
encoding the heavy and light chains of the antibody}.

Suitable host cells for cloning or expression of antibody-encoding vectors include prokaryetic
or eukaryolic cells described herein. For example, antibodies may be produced in bacteria, in particular
when glycosylation and Fe effector function are not needed. For expression of antibody fragments and
polypeptides in bacteria, see, e.g, VLB, Patent Nos, 5,648 237, 5,789,199, and 3,840,523, {See also
Charlton, Methods in Molecular Binlogy, Vol 248 (BE.C. Lo, ed., Fhomnana Press, Totows, NJ, 2003},
pp. 243-234, describing expression of antibody fragments in & pofi} Afler expression, the antibody
may be isolated from the bacterial cell paste in a soluble fraction and can be further purified.
in addition to prokaryotes, eukaryotic microbes such as filamentous fungi or yeast are suitable cloning
or gxpression hosis for antibody-encoding veotors, including fungd and veast strains whose
glveosylation pathways have been “humanized,” resulting in the production of an antibedy with a
partially or fally human glycosviation pattern, See Gemgross, Nad. Bictech. 22:1409-1414 {2004}, and
Li et ai., Nae, Biotech. 24210-215 (2006},

Suitable bost cells for the expression of glycosylated anubody are also derived from

mmlticelhilar organisms (Invertebrates and vertebrates). Exanples of invertebrate cells include plant and
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insect cells. MNumerous baculoviral strains have been identified which may be used in conjunction with
insect cells, particularly for tranafection of Spodoprera frugiperda cells.

Plant cell cultures can also be utilized 8s hosts. See, e.g, US Patent Nos, 5,959,177, 6,040,498,
5,420,548, 7,125,978, and 6,417,429 (describing PLANTIBODIES™ techunology for nroducing
gutibodigs (n transgenic planis),

Vertebrate cells may also be used as hosts. For example, manoalian cell lines that are adapted
0 grow in suspension may be useful, Other examples of useful mammalisn host cell lines are monkey
kidney C¥1 line transformed by SY48 (COB-T); human embryorde kidoey Iine {293 0r 293 cells as
described, ez, in Grabam 2 of, J Gen Vivsl 36:59 (1977)); baby hamster kidney cells (BHK); mouse
sertali cells (TH4 cells as deseribed, e.g., in Mather, Biol Reprod. 23:243-251 (1980}); monkey kidney
cells {CV 1} African gresn monkey kidney cells (VER{(-76); humnan cervical carcinoma cells (HELAS
canine kidney cells (MDCE,; buffalo rat liver cells {BRL 2A); buman hung cells (W138); human liver
cells (Hep G2); mouse mammary tumor (MMT (605672); TR cells, as described, e 2., in Mather ef /.,
Annals NY. Acad. Sci. 383:44-68 (1982); MRC 5 cells; and F54 cells. Gther usefid mammalian host
cell lines include Chinese hamster ovary (CHOD) cells, inchuding DHFR CHG cells {Urlaub ez af, Proc.
Natl, Acad. Sci, US4 77:4216 (1880)); and myeloma cell lnes such as Y0, N8O and Sp2/0. For a review
of certain marmmakbian host cell lines suitable for antibody produstion, see, e.g., Yazaki and W,
Methods in Molecular Biology, Vol 248 (B K.C. Lo, ed., Humana Press, Todowa, NI, pp. 255-268
{20033,

€. Assays

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

in one aspect, an antibody provided herein may be tested for s antigen binding activity, .2,
by known methods such as ELISA, BIACore™, FACS, or Western blot.

In ancther aapect, competition assays may be used 1o identify an antibody that competes with
any of the antibodies described herein for binding to FeRHS. In ceriain embodiments, such a competing
antibody binds to the same epitope {e.g., a linear or a conformational epitope} that is bound by an
sutibody described herein, Detailed exemplary methods for mapping an epitope 1o which an antibody
binds are provided in Morris {1996} “Epitope Mapping Protocols,” i Methods in Molecular Risiogy
vol, 66 (Humana Press, Towowa, DI,

in an sxemplary competition assay, imenobilized FeRHS is incubated in 2 solution comprising a
first labeled antibody that binds to FeREHS {e.g., any of the antibodies described herein) and a second
unfabeled antibody that is being tested for ite ability 1o compete with the first antibody for binding to
FeRHS. The second antibody may be present in a hybridoms supernatant. As a control, inunobilized
FcRHS iz incubated in a solution conprising the fiest labeled antibody but not the second unlabeled
antibody, After incobation under conditions permissive for binding of the first antbody 1o FeRHS,

excess unbound antibody is removed, and the amount of lebel gssocisted with immobilized FeRHS is
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measured. H the amount of label associated with immobilized FoRHS 15 substantially reduced in the test
saraple relative to 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} dnsibodies: 4 Laboratory Manual
ch.14 {Cold Spring Harbor Laboratory, Cold Spring Harbor, NY). In some smbodiments, the FeRHS is
FeRH3c. In some embodiments, the anti-FeRHS antibody binds an isoform c-specific region of the
extracetiular domain of FeRH3e, In some embodiments, the anti-FoRIS antibodies binds [g-like
domain 9 of FoRHS¢.

B, Immupoconjugates

Also provided herein are invbunoconjugates comprising an anti-FeRHS antibody herein
conjugated to ane of more cytoioxic agenis, such as chemotherapeutic agents or drugs, growth
inhibitory agents, toxins {e.g., protein woxins, enzymatically active toxins of bacterial, fungal, plant, or
animal origin, or fragments thereot), or radiosctive isotopes {i.2., 8 radioconjugate). In some
embodirpents, the anti-FeRHS antibody binds an isoform c-specific reglon of the extracelhilar domain
of FeRHS5¢. In some smbodiments, the anti-FeRHS antibodies binds Ig-like domain 9 of FeRH 3¢,

Imsnunoconjugates allow for the targeted delivery of a drug roolety 1o a fumor, and, in soms
gmbodiments infracethtlar accumulation therein, where systemic administration of unconjugated drugs
may result m unacceptable levels of toxicily to normal celis (Polakis P, (2005} Current Opinion in
Pharmacclogy 5:382-387).

Antibedy-drug conjugates (ADC) are targeted chemotherapeutic molecules which combine
properties of both antibodies and cytotoxic drugs by targeting potent cyiotoxic drugs to antigen-
expressing tumor cells (Veicher, BLA. (2009 Current Cancer Drug Targets 9:982-1004), thereby
enbancing the therapeutic index by maximizing efficacy and minimizing off-target toxicity {Carter, P.J.
and Senter P03 (2008} The Cancer Jour. 14(3%:154-169; Chari, BV, (2008} Acc. Chem. Res. 41:98-
17,

The ADC compounds provided herein include those with anticancer activity. In some
embodiments, the ADC cowopounds include an antibody conjugaled, ie. sovalently attached, to the drug
moiety. In some embodiments, the antibody is covalently attached to the drig roiety through a linker.
The antibody-drug conjugates (ADC) provided hersin selectively deliver an effective dose of a drug to
tumor tissue whereby greater selectivity, ie. a lower efficacious dose, may be achieved while
increasing the therapeutic index therapentic window™).

The drug moiety (13} of the antibody-drug conjugates (ADC) may include any compound,
moiety or group that has 3 eytotoxic or eytostatic effect. Dirug moieties may impart their cytotoxic and
cytostatic effects by mechanisms including but newt Hroited to tubulin binding, DNA binding or
intercalation, and inhibition of RINA polymerase, protein synthesis, andfor topoisomerase. Exemplary
drug moieties include, but are not Hmited 1o, 2 mayiansineid, dolastatin, auristatin, calicheamicin,
myrolobenzodiazepine (PBDY), nemorubicin and i derivatives, PNU-159682, anthracyeline,

dugcarmycin, vinca alkaloid, taxane, trichothecene, CC1065, camptothecin, elinafide, and
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stergoisomers, isosterss, analogs, and dertvatives thersof that have cytotoxic activity. Nonlimiting
examples of such immunoecenjugates are discussed in funther detail below,
£ Exemplary Antibody-drug Conjugatey

An exemplary embodiment of an antibody-drug conjugste (ADC) compound comprises an
antibody (Ab) which targets a tumor cell, a drug molety (D), and a lnker moiety (1) that attaches Ab to
I}, In sorne embodiments, the antibody is attached (o the linker moisty {L) through one or more aming
acid residues, such as lysine and/or cysteine,

An exemplary ADC has Formula [

Ab~{L~13}, i

where pris | to about 20, In some embodiments, the number of drug moleties that can be conjugated to
an antibody is hmtted by the number of free cysicine residues, In some embodiments, fres cyvsieine
residues are introduced into the anttbody amine acid sequence by the methods described herein.
Exemplary ADC of Formula 1 inchude, bot are not Hmited to, antibodiss that have 1, 2, 3, o0 4
enginesred cysteine aming acids (Lyon, R, et al (2012 Methods in Enzym, 502:123-138), In some
embodiments, one or mors free cysteing residues are already present in an antihody, without the use of
engineering, in which case the existing free cysieine residues may be used to conjugate the antibody 1o
a drug, In some smbodiments, an antibady is exposed to reducing conditions prior to conjugation of the
antibody in order to generate one or more free cysteine residues. In some embodiments, the anti-FeRHS
antibody binds an isoform c-specific region of the extraceilular domain of FeRHS5¢. In some
embodiments, the anti-FclHS antibodies binds Ig-like domain © of FeRHSe.

a) Exemplary Linkers

A “Linker” (L} is a bifunctions! or multtfunctional moiety that can be used 1o link one or more
drug moieties {3} to an antibody {Ab) to form s antibody-drug conjugate (ADC) of Formula L In
somne ernbodiments, antibody-drug conjugates {ADC) can be prepared using a Linker having reactive
functionalitizs for covalently attaching to the drug and to the antibody. For example, in some
embodiments, a cysteine thiol of an antibedy {Ab) can form a bond with & reactive functional group of g
iinker or a drug-hinker idermediate to make an ADC.

In one aspect, & Enker has a fmotionality that is capable of reacting with a free cysteine present
on an antibody 1o form a covalont bond. Nonlimiting exemplary such reactive functionalities include
maleimide, haloacetamides, s-haloacetyl, activated esiers such as succinimide esters, 4-nitrophenyl
gaters, pentathuoropheny! esters, tetratiuorophenyl esters, anhyidrides, scid chlorides, sulfonyl chiorides,
isooyanates, and sothincyanates. See, e.g., the conjugation method at page 766 of Klussman, et al
{20043, Bicconjugate Chemizay 153{4}765-T73, and the Examples herein,

In some embodiments, 8 linker has a functionality that is capable of reacting with an
slectrophilic group present on an antibody. Exemplary such electrophilic groups include, but are not
Himited to, aldehyde and ketone carbony! groups. In some embodiments, 4 heteroatom of the reactive

functionality of the Hnler can react with an electrophilic group on an antibody and firm a covalent
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bond to an antibody unit. Nonlimiting exemplary such reactive functionalitiss include, but are not
limited to, hydrazide, oxime, amioo, hydrazing, thiosermicarbazone, hydrazine carboxviate, and
arythydrazids,

A linker may comprise one or more linker components. Exemplary linker components include
S-malgimudacaproyl (“MO7), maleimidopropancyl ("MP”}, valine-citralling (Pval-cit” or “v¢"), alanine-
phenylalanine {“ala-phe”}), p-aminobenzyloxycarbonyl {a “FABR™), N-Succinimidyl 4-(2-pyridylthio)
pentanoate (8PP, and 4-(N-maleimidomethyl) cyclohexane-t carboxylate ("MOC™) Various linker
components are known in the ari, some of which are described below.

A linker may be a “cleavable linker,” facilitating release of a drug. Nonlbmiting exemplary
cleavable linkers inchide acid-labile linkers {2 z., comprising hydrazone}, protease-sensitive {e.g.,
peptidase-sensitive) linkers, phiotolabile linkars, or disulfide-containing Hnkers (Chart ¢f o/, Cancer
Research 52:127-131 {1992); U8 S208020).

In certain embodiments, a linker has the following Formula i1

— AW, —Y,~ .
wherein A is 3 “stretcher unit”, and 2 is an integer from § 1o 1; W is an “amino ackd uwrit”, and w is an
integer from 0 10 125 Y 15 a “spacer unit”, and v 18 4, 1, or 2. An ADC comprising the linker of Formula
[ has the Formula HAY Ab-{A,-W-Y,-Ip, whereln Ab, I, and p are defined as above for Formula L
Esemplary embodiments of such linkers are described in 118, Patent No. 7,498,298, which is expressly
incorporated heretn by reference,

Int some embodiments, a linker component comprises 8 “stretcher unit” {A) that links an
antibody to another linker component or 1o a drug moiety. Monlimiting exernplary streicher units are
shown below {(wherein the wavy line indicates sites of covalent attachment 1o an antibody, drug, or

additions! linker components):
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In some embodirnents, a linker component comprises an “amine acid unit” (W), In some such
embodiments, the amine acid unit allows for cleavage of the linker by a protease, thereby facilitating
release of the drug from the imrpunoconjugate upon exposure o intracellular proteases, such as
Iysosomal enrymes (Doroning ef al. (2003) Nar. Bistechnol 21.778-784). Exemplary amine acid units
incluade, bwt are not lmited to, dipeptides, tripeptides, tetrapeptides, and pentspeptides. Exemplary
dipeptides inchade, but are net limited to, valine-citrulline {ve or val-cit}, alanine-phenyialanine {af or
ala-phe); phenylalanine-tysine {fk or phe-lys); phenylalanine-homeolysine {phe-homelys); and N-
methylvaline-citrulting (Me-val-cit), Exemplary tripeptides inchude, but are not bmited to, glycine-
valine-citralline (gly-val-cit) and glycine-glyeine-glyveine {gly-gly-ghy). An amino acid unit may
comprise aming scid residoes that occur naturally and/er minor amino acids and/or non-naturally
ocenrring antng acikd analogs, such as citrelline., Amino acid units can be designed and optirized for
enzymatic cleavage by & particular enzyme, for example, 8 timor-associated protease, cathepsin B, C
and D, or a plasmin protesse.

Typically, peptide-type linkers can be prepared by forming a peptide bond between two or
more amino acids and/or peptide fragroents, Such peptide bonds can be prepared, for example,
according to a Bguid phase synthesis method {e.g., E. Bchrider and K. Lilbke (1865) “The Peptides”,
volume 1, pp 76-136, Academic Pressy,

In some embodiments, g linker component comprises a “spacer unit” {Y) that links the antibody
0 a drug maoiety, either directly or through g stretcher unit and/or an amino acid unit. A spacer unit may
be “self-inwnclative” or 3 “non-self-immelative.” A “non-self-immeolative” 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-self-immeolative spacer units include, but are not limited 1o, a glycine spacer unit and a glycine~
glvcine spacer unit. In some embaodiments, enzymatic cleavage of an ADC containing a ghycine-ghycine
spacer unit by a turnor-cell associated proteass resulfs in release of 8 glycine-glycine-drug moiety from
the remainder of the ADC. In some such embodiments, the ghycine-glyeine-drug molety is subjecied to
2 hydrolvats step in the umor cell, thus cleaving the glyeine-glveine spacer unit from the drug moiety,

A “self-inynolative” spacer unit allows for releass of the drug moiety. In certain embodiments,

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

&1
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alcohol is attached 10 an amino acid unit vie an amide band, and a carbamats, methylearbamats, or
carbonate is made between the benzyl slcohol and the drog (Hamann er of. (30038} Expert Opin, Ther,
FPatents (2005} 15:1087-1103). In some embodiments, the spacer unit comprises p-
sminobenzyloxyearbonyl (FAR). In some ambodiments, an ADC comprising a self-immolative linker

has the structure:

O B

bt A -V, B ":E:\)ﬁ \
Ab—tA W el

C N/ 0-C-XD |

wherein Q s -C-Cy alkyl, ~O0-(C-Cy slkyl}, -halogen, -nitro, or -cyano; m is an integer ranging from §
tw 4; X may be ane or mors additional spacer units or may be absent; and p ranges from 1 1o about 20
In some embodiments, p ranges from 1 0 10, Lo 7, 1 10 5, or | 1o 4. Nonlimiting exeroplary X spacer

units include:

Ry
R E
/ AN T Mo P
W | | | ,
[S— and R o ; wherein By and R, are independently selscted

fromn H and C-Cg alkyl In some embodiments, B1 and B2 are each ~CH.

Other exampies of self~imwnolative spacers inchude, but are not Hmited to, aromatic compounds
that are electronically similar to the PAB group, such as 2Z-amincimidazoi-S-methano} derivatives (U8,
Patent No. 7,375,078; Hay e ol {1999} Bioorg. Med. Chem. Lett. 92237 and ortho- or parg-
amincbenzyiacetals. In some embodiments, spacers can be used that undergo cyclization upon anuide
bond hydrolysis, such as substituted and vosubstituied 4~-aminobutyric acid amides (Rodrigues et al
{1995y Chemistry Binlogy 2:323%, appropriately substituted bicyelo[2.2.1] and bicyeln[2.2.2] ring
systems {Storm et al (19723 7 Amer. Chem. Soc. 94:5815)% and Z-ammnophenyipropionic acid amides
{Amsberry, et &l (1990).7 Crg. Chem. 55:3867), Linkage of & drug to the g-carbon of & glveine residue
is another example of a selfimmolative spacer that may be useful in ADC (Kingsbury et al (1984317,
Med. Chem. 2714474,

In some embodiments, linker L may be 2 dendritic type linker for covalent attachment of more
than one drug moiety to an antibody through a branching, multifimetional Hnker motety (Sun et al
{2002} Bivorganic & Medicingl Chemistry Letters 12:2213-2215; Sun et al (2003) Risorganic &
Medicinal Chemisiry 11:1761-1768), Dendritic linkers can increase the molar ratio of drug (o antibody,
f.e loading, which is related to the potency of the ADC. Thus, where an antibody bears only one
reactive cysieine thiol group, & multitude of drug moleties may be attached through a dendritic linker,

Nonlimiting exemplary linkers are shown below in the contexnt of an ADC of Formula I
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; wherein K, and
R, are independenily selected from H and O5-Cy alkyl, In some embodiments, B and B2 are gach ~

CH;.
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wherein n i 8 to 12, In some embodiments, 1t 5 2 1o 10, In some embodiments, nis 4 1o 8,

Further nondimiting exemplary ADCs inchude the structures:

\
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A o
10 / { 2):\

gach B iz independently H or &-Cy alkyl and nis 1 10 12,

?

In some embodiments, s linker is substituted with groups that modulate solubility and/or
reactivity. As a nonlimiting example, a charged substituent such as sulfonate (-8G5} or ammornium may
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increase water solubility of the linker reagent and facilitate the coupling reaction of the linker reagent
with the antibody and/or the drug molsty, or facilitate the coupling reaction of Ab-L {antibody-linker
intermediate) with D, or D-L (drug-tinker intermediate) with Ab, depending on the synthetic route
employed to prepare the ADC. In some embodiments, a portion of the Hnker is coupled to the antibody
and a portion of the Hideer i coupled to the drug, and then the Ab-{linker portion)® is coupled to drug-
(tinker portion)” to form the ADC of Formula L

The compounds provided hersin expressly contemplate, bt are not Hmited to, ADC prepared
with the following linker reagents: bis-maleimido-trionyethylene glycol (BMPEG), N-(B-
maieimndopropyloxy-N-hydroxy succinimide ester (BMPSE), Ne(e-maleimidocaproyloxy) succinimide
eater (EMCS), N-{y-maleimidobutyryloxyisuceinimide ester {GMBS), 1,6-hexane-biz-vinyisulfone
{HBYS), succinimidyl 4-(N-maleimidomethylicvelohexane- | -carboxy-{@-amidocaproate) (LC-8MCCh,
m-maleimidobenzoyl-N-hydroxysuccinimide ester (MBS}, 4-(4-N-MaleimidophenyDibutyrie acid
hydrazide {MPBH), succinimidyl 3-{(bromoacetamidojpropionate {SBAP), succinimidyl iodoacetats
{S1A}, succinimidyl (4-iodoacetyljaminobenzoate (SIAB), Mosuccinimidyl-3-{2-pyridyidithio)
propionate (SPDP), Nesuccinimidyl-4-{2-pyridythiopentanoate (SFP), succinimidyl 4-(N-
maleimidomethyDeyeloherane- 1 -carboxyiate (SMCOC), succinimidyl 4-{p-maleimidophenylibutyrate
{SMPR), succinimidyl 6-[{(betz-maleimidopropionamidojhexanoate] (SMPH), iminothiolane (IT),
sulfo-EMCOE, sulfo-GMES, sulfo-KMUS, sulfo-MBS, sulfo-SIAB, sulfo-SMCC, and sulfo-SMPB, and
suceinimidyl-{4-vinyisulibnelbenzoats (SVYEB), and including bis-maleimide reagents:
dithiobismaleimidoethane (DTME}, 1,4-Bismaleimidobutane (BMB), 1.4 Bismaleimidyl-2,3-
dihydroxybuiane {BMDB}, bismaleimidohexane (BMH), bismaleimidoethane (BMOE), BM{PEG)
{shown below), and BM{PEG); (shown below); bifunciional derivatives of imidoesters {such as
dimethy! adiptmidste HCI, active esters (such as disuccinimidyl suberate), aldehvdes {such as
glutaraldehyde}, bis-axido compounds {(such as bis {p-azidobenzovi) hexanediamine), bis-diazonium
derivatives (such as bis-{p-diazomiuvmbenzoyl)-ethyienediamine), dilsoovanates (such as toluene 2,6-
diisocyanate}, and bis-active fluorine coropounds (such as 1,5-difluore-2 4-dinitrobenzene). In some
embodiments, bis-maleimide reagents aliow the attachment of the thiol group of a cysteine in the
antibody to a thiol-containing drug moilety, linker, or inker-drug intermediate. Other functional groups
that are reactive with thiol groups include, but are not limited 1o, iodoacetamide, bromoacetamide, vinyl

pyridine, disulfide, pyridyl disulfide, spovanate, and isothiocyanate.

O
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BM{PEG), BMPEG),

Certain useful linker reagents can be obtained from varicus comimercial sources, such as Pierce

Biotechnolagy, Inc. {Rockford, IL}), Molecular Bioseiences Ino {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 ol (1997) Tenvahedron Letters, 38:3257-60; Walker, M.A. (1995} 7 Crg.
Chem. 60:3352-535335; Frisch et al (1996} Bioconjugate Chem. 7:180-186; US 6214343, WO 02088172
US 2003130189, USZG03086743, WO Q3026577 W 03/043583; and W 04/032878,

Carbon-t4-labeled 1-isothivoyanatobenzyl-3-methyldiethylene triaminepentaacetic acid (MX-
IXTPA} s an exemplary chelating agent for conjugation of radicnuclestide to the antibody. See, e.g.,
WO94/11026.

By Drug Moleties
{1} Mayiansine and maviansinoids

In some embodiments, an inynunoconjugate comprises an antibody conjugated to one or more
maytansinoid molecules. Maytansinoids are derivatives of mayiansine, and are miteiotic inhibitors
which act by inhibiting tbulin polymerization. Maytansine was first isolated from the sast Afrean
shrub Maytenus sevrata (U8, Patent No. 3896111} Subsequently, it was discovered that certain
microbes also produce maytansinoids, such as maytansino] and C-3 maytansine! esters (115, Patent No.
4,151,042}, Synthetic 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, 4,309,428;
4,313,946, 4,315,929, 4317,821; 4,322,348; 4,331,598, 4,361,650, 4,364,866; 4,424,219; 4,450,254,
4,362,663; and 4,371,533,

Maytansineid drug moisties are aitraciive drug moieties in antibody-drug conjugates because
they are: {1} relatively accessible to prepare by fermentation or chemical modification or derivatization
of fermentation products, (i) amenable to derivatization with functional groups suitable for conjugation
through non-disulfide linkers to antibodies, {iii} siable in plasma, and (iv} effective against a variety of
samer cell Hneg,

Certain maytansinoids suitable for use as maytansinoid drug moleties are known in the art and
can be solated from natural sources aceording o known methods or produced using genetic
engineering techniques {see, g, Yu ot al {2002) PNAS 99:7958-7973). Mayiansinoids may also bs
prepared syntheticslly aocording to known methods.

Maytansineid drug moletiss include, but arg not limited to, those having a madified arcmatic
ring, such as: C-19-dechloro (US Pat. Nuw. 4256746) {prepared, for example, by tithium aluminum
hydride reduction of ansamytocin P2}, C-20-hydroxy {or C-20-demethyl} +/-C-19-dechloro (U3 Pat
MNos, 4361630 and 4307016} (prepared, for example, by demethylation using Streptomyces or
Actinomyces or dechlorination using LAH); and C-20-demethoxy, C-20-acyloxy (+OCOR), +/-dechloro
{(L1.5. Par, Mo, 4,294,757} {prepared, for example, by acylation using aweyl chlorides), and those having
modifications at other positions of the aromatic ring,

Maytansinoid drug rooieties alse include those having modifications such as: C-9-SH (US Paw
Ne. 4424219} {prepared, for example, by the reaction of maytansine] with Hp8 or P.8s); £-14-
alkoxymethyldemethoxy/CH, ORMUS 43315¢8); C-14-hydroxymethy! or acyloxymethyl (CH.OH or
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CHROACH (US Pat. No. 4450254} (prepared, for sxarple, from Nocardia); C-15-hydroxy/acyiony (US
4364866} (prepared, for example, by the conversion of maytansinol by Streptoroyees); C-15-methoxy
{US Pat Nos. 4313946 and 4313929) (for example, isolated from Trewia nudifiora); C-18-N-demethyl
(U5 Pat. MNos., 4362663 and 4322348} {prepared, for example, by the demethylation of maytansinol by
Streptomyces); and 4,5-deoxy (US 4371533} (prepared, for example, by the tiianium trichloride/LAH
reduction of mavignsinol},

Many positions on maylansinoid cornpounds are usefil as the linkage position. For example, an
ester linkage may be formed by reaction with a hydroxyl group using conventional coupling techniques.
In some embodiments, the reaction may ocour at the C-3 position having a hydroxyl group, the C-14
position modified with hydroxymethyl, the C-15 position modified with a hydroxy! group, and the €-20
position having a hydroxyl group. In some embodiments, the linkage is formed at the C-3 position of
maylansine! or 8 maytansinol analogue.

Maytansinoid drug moleties include those baving the structure:

HaG (CRg§e S
0 Nm{
L

Ha G o O
G &2
CHyO~? Y
N

E O
\f”\"/\]/f\ N/KO
CHgOHO ;rl«;

where the wavy ling indicates the covalent attachment of the sulfur atom of the maytansinoid drug
moiety to a linker of an ADC, Each R may independently be H or a C~C; alkyl. The alkyiene chain
attaching the arnide group o the sulfur atom miay be methanyl, ethanyl, orpropvl,ie, mis 1,2, 0r 3
(U5 633410, US 5208020; Chari et al (1982) Cancer Res. 532:127-131; L et al (1998} Froc. Nasl.
Acad. Sei USA 93:8618-8623).

All sterecisomers of the mayviansineid drug moiety are contemplated for the ADC provided
hierein, e, any combination of R and § configurations at the chiral carbons (US 7276497, 1S 6913744;
U8 6441163; US 633410 (RE39151 ), US 5208028, Widdison et al (2006} 1. Med. Chem. 49:4392-
4408, which are incorporated by reference in their entirety). In some embodiments, the mayiansineid

drug moiety has the following stereochemistry:

&7
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Exemplary embaodiments of maytansineid drug moteties include, but are not Hmited to, DM

M3 and DM4, having the structures:

OM1
CHa0

&8
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wherain the wavy line indicates the covalent atiachunent of the sulfur atom of the drug to a Hnker (L) of
an antibody-drag conjugate.
{3ther exemplary maytansinoid antibody-drug conjugates have the Hllowing structures and
5 abbreviations {whersin Ab is antibody and p is | to about 20, In some embodiments, pis 1 o 1, pis §
wTpisitwsSorpisltody
— G 1

Ab -SPP-DMI

o T AR
g Voo

Ab-SMOC-DMI
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Exemplary antibody-drog conjugates where DM is linked through a BMPEQ linker to a thiol

group of the antibody have the sirvucture and sbbreviation:

- o e
.~ S G Rl
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H G D @)h F ’
4 =
oo 0
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Sinees. L Q
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— OHO H —

where Ab is antibody; nis 8, 1, or 2; and p is | to about 20, In some embodiments, pis b to 19, pis L o
TpisitwSorpisdto 4.

Immunoeconjugates containing mayviansingids, methods of making the same, and their
therapeutic use are disclosed, for sxample, in U.8. Patent Nos. 5,208,020 and 5,415,064, US
200541276812 Al and Buropean Patent EP 0 425 235 B1, the disclosures of which are hereby
expressly incorporated by reference. See also Liv et ol Proc. Natl dcad. Scil USA 93:8615-8623
{1986}, and Chart ef al. Cancer Research 52:127-131 {1992).

in some embodiments, antibody-mayiansineid conjugates may be prepared by chemically
linking an antibody to a maytansineid molecule withowt significanily diminishing the biological activity
of either the antibody or the mavtansineid molecule. See, e.g., U.S. Paterst Nov. 5,208,020 (the disclosure
of which is hereby expressly incorporated by reference), In some embodiments, ADC with an sverage
of 3-4 maytansinoid molecules conjugated per antibody melecule has shown efficacy in enhancing
cytotoxicity of 1argst cells without negatively affecting the function or solubility of the antibody. In
some instances, even one molecule of toxin/antibody is expected to enhance cytotoxicity over the use of
naked antibody.

Lirking groups for making aotibody-mayiansineid conjugstes include, for exanmple, those
described herein and those disclosed in U.B. Palent No. 5208020; EP Patent 0 425 235 Bl; Chari ef ai.
Cancer Research 32:127-131 (1892); US 2005/0276812 AL, and US 2005/014993 Al, the disclosures
of which are hereby expressly incorporated by reference.

(2} Auristating and dolosiating

Drug moseties include dolastatins, auristatins, and analogs and derivatives thereof (US
3835483, US 5780588, US 8767237, US 6124431). Auristatins are derivatives of the marine mollusk
compound dolastatin-10. While not intending to be bound by any particular theory, dolastatins and

auristatins have been shown o interfere with micronshule dynamics, GTP hydrolysis, and nuclear and
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cellular division {Wovke et &l 2001} dntimicrob. Agents and Chemother, 45(12%:3580-3584) and have
anticancer {US 5663149) and antifungal activity {Pettit et al {1998) Antimicreb. dgents Chemother.
42:2961-2963}. The dolastatin/auristalin drug moisty may be atiached to the antibody through the N
{aminoc} terminus or the T {carboxyl} termirus of the peptidic drug molety (WO §82/088172; Doroning
et al {2003} Nanwre Bivtechnology 21{T3T78-784; Franciscr et al {2003) Blood 102{4):1438-14465).
Esemplary auristatin embodiments include the N-terminus Hnked monomethylauristatin drug
moieties By and D, disclosed in US 7498298 and UB 7659241, the disclosures of which are expressly

incorporated by reference in their entirety:

- \F.r KOONT T //\T:/ W/ \W/ “pts
4 H
R o R'RY g8 omd o RE O B,
N
PUPOPSYDPP
o r" £
h ~ : - AN o —— L"\ - o - R‘i !
,S> \N?I\i/ e, /Elij \:\/ \.P’qf ~ AT N \\\Ef,/ ~ N\\ - \\.‘zr
2 o R R m omer g RO .
R”] {t By

wherein the wavy line of Dy and D indicates the covalent attachrnent site 1o an antibody or antibody-
linker component, and independently &t each location:

R” is selected from H and C-Cs alkyvl;

R is selected from H, C-Cs alieyl, T5-Cy carboeyele, arvl, C)-Cy alikylearyl, C-Cy alkyl{Ci-Cy
carbocyele), Ca-Us heterooycie and Ci-Cy alkyl-{C-Cy heterooyele):

R’ 15 selected from FL O)-Cy alicyl, C2-Cy carboeyele, arvl, C-Cy alkylaryl, C-Cy allod-{(Cs-Cy
carbocyele), CiCy heterocyele and C-Cy alkyt-{C3-Cq heteroeyele);

R’ is selected Fom H and methyl;

or B and R jointly form a carbocyelic ring and have the formule {CR*R®),- wherein B? and R® are
independently selected from H, C,-Cy alkyl and Ci-Cy carbocyele and n is selected from 2, 3, 4, S and &;
R 15 selected from H and C-Cy alkvl;

R’ is selected from B, OOy altkyl, C3-Cs carbocyels, arvl, Cp-Cs alkylearyl, C-Cy alkyt-{Ts-Cy
carbocyele), Ci-Uy heterocyele and C-Cy alkyl-{C5-Cy heterocyele);

each ¥ is independently selected from H, OH, C,-C; alkyl, Co-Cy carbocyele and O-{C-Cy alkyl);
R’ is selected from M and C-C alkyl;

2% ig selected from aryl or U3-Cy heternavele;

250, 8, NH, or NR", whersin B is C-Cq alkyl;

R s selected from H, C«Cag aliovl, aryl, C3-Cy heterseyels, ~(R53 ek or ~(R”G}m~CH(R35}3;

m is an integer ranging from 1-1000;
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R s 00y mlkvl:
R"is H or CCg alloyi:
each occurrence of R is independently H, COUH, ~(CH)w MR ™), ~{CHL-804H, o1 ~{CH;1,-805-
Cy-Cy afkyl;
sach ocourrence of R g independently H, C,-Cy alkyl, or —{CH,)-COOH;

L

R is selected from ~C(RY,~CRYarvl, ~CRY TR0y heternoyele), and
OB CR M 05-Cy carbooyele); and
1 is an integer ranging from G io 6.
In one embodiment, K, R and R are independently isopropyl or sso-butyl and R is ~H or
10 methyl In an exemplary smbodiment, R and R are azch isopropyl, Y is -H, and B is sec-butyl,
fn vt another embodiment, B? and R® are each methyl, and Y is -H.
In still another embodiment, each ocourrence of B? is -OCH,,.
In some embodiments, B and RY are sach isopropyl, R? and R are each methyl, R is -H, R i
sec-butyl, sach occurrence of B iy «OCH,, and R” is -HL
13 In one embodiment, 7 is -O- or -NH-.
In ore embodiment, R {s arvl.
E an exemplary embodiment, R' is -phenyl.
In an exemplary embodiment, when Z is -O-, R' i3 ~H, methyl or t-butyl,
fn one embodiment, when 7 is -NH, RY is ~«CH{R®),, wherein R is -(CHy1,-N(R %), and R
20 s LGy alkyl or J{CHLL-COO0OH,
In another ernbodiment, when 2 is -NH, R is -CH{R'™Y,, wherein R is {(CH)-S0,H.
An exemplary auristatin embodiment of formula Dy is MMAE, wherein the wavy line indicates
the covalent attachment to a linker (L} of an antibody-drug conjugate:

N e

s S o Q S, ~ ‘;\ 0 H
£ 3 1 \ ; L H 1
N apaJ\\\ . M b /-u\ /[ e N S e B ~ T “
NN T T
0 O Q .

PN Q\‘ O T

vt

MMAE
25 An exemplary auristatin embodiment of formula Dy is MMAF, wherein the wavy Hne indicates
the covalent attachment to a linker (1) of an antibody-drug conjugate:

N

S S, e
(s‘f H ? | j ¥
P RS PN

YLy LT O

H Q\\ P ~ N

Other exemplary embodiments include monomethylvaline compounds having phenyialanine
carboxy modifications at the C-terminus of the pentapeptide auristatin drug moiety (WO 2007/4008848)
33 and monomethylvaline compounds having phenvlalanine sidechain modifications at the C-terminus of

the pentapeptide auristatin drug molety (WO 2007008603
72
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Nonlimiting exemplary embodiments of ADC of Formuila T comprising MMAE or MMAF and
various linker comnponents have the following structures and abbreviations {wherein “Ab” is an

antibody; pis 1 to about & “Val-Cit” is & valine-citrulline dipeptide; and “S” is a sulfier atom
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Nt C 3’ SO ONT YT N T;-”N"“\E,/\\T,N\ P NN
K‘ ,N-\,/'\\ PN ,fl:\\,v W o ! O ,/i‘\ ' Q\ 2 3 ! ! 4
i al-Oit- . O e T
& A ‘o

5 Ab-MC-ve-PAR-MMAF

e

Ayt o R
N O Y o4 O T AN

NGNS S SO NN ‘

0 AT l ~ : o\ o H

e s T ey

Ab-MC-MMAF

i5 Nonlimiting exemplary embodiments of ADCs of Formula I comprising MMAF and various
linker components further include Ab-MC-PAB-MMAF and Ab-PAR-MMAF, Immunoconjugates
comprising MMAF attached to an antibody by a linker that is not protesiytically cleavable have besn
shown to possess activity comparable to Immunoconjugates comprising MMAF atiached to an antibody
by a protesiytically clsavable linker (Doroning e ¢f, {2006) Bioconjugate Chem. 17:114-124). In some

23 such embodiments, drug release is believed to be effected by antibody degradation in the cell.

Typically, peptide-based drug moteties can be prepared by forming a peptide bond betwesn two

or more aming acids and/or peptide fragrents. Such peptide bonds can be prepared, for example,
according to a liquid phase synthesis method {see, e.g., E. Schrider and K. Litbke, “The Peptides”,
vohime §, pp 76-136, 1965, Academic Press). Auristatin/dolastatin drug moteties may, In some

embodiments, be prepared according 1o the methods oft US 7498298; US 8635483; US 5780588; Petiit

A
¥
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et al (1989).0 dm. Chem. Soc. 111:5483-3465; Petiit et al {1998) Anti-Cancer Drug Design 13:243-
277, Pettit, G.R., ef af, Synihesis, 1996, 719-725; Pettit et al {1996} J. Chem. Soc. Perkin Trans. §
5:859-883; and Doronina (2003) Nat. Bictechaol 21(TVT78-784,

In some embodiments, auristatin/dolastatin drug moieties of formulas Dg such as MMAE, and
Py, such as MMAF, and drug-linker intermediates and derivatives thereof, such as MC-MMAF, ¥C-
MMAE, MC-ve-PAB-MMAF, and MC-ve-PAR-MMAE, may be prepared using methods described in
US 749829%; Doronina ef al. {2006} Bioconjugate Chem. 17:114-124; and Doronina of of, (2003) Nat.
Biarech. 31:778-784and then conjugated o an antibody of interest,

{3} Calicheamicin

In some emboediments, the immunoconjugste comprises an antibody conjugated to one or more
caticheamicin molecules. The calicheamicin family of antibiotics, and analogues thereof, are capable of
producing double-stranded DA bresks at sub-picomolar concentrations {Hinman 2 af, (1993) Cancer
Resegroh 83:3336-3342; Lode o ¢f, {1998} Cancer Research 58:2925-29283, Calicheamicin has
intracellolar sites of sction but, in certain instances, does not readily cross the plasma membrane.
Thersfore, cellular uptake of these sgenis through antibody-mediated internalization may, in some
embodiments, greatly enhances their cytotoxic effects. Nonlimiting exemplary methods of preparing
antibody-drug conjugates with a calicheamicin drug molety are deseribed, for example, m U8 3712374;
LB 5714586; US 57391 16; and 1I8 3767283,

{4} Pyrrolobenzodiazepines

in some embodiments, an ADRC comprises a pyrrolohenzodiazepine (PBD). In some
embodiments, PDB dimers recognize and bind (o specific DNA sequences. The natural product
anthramycin, a PBD, was first reported in 19635 (Lebmgruber, ef of., (19852 Am. Chen. Soc., 87:5793-
3795; Leimgruber, efal, (13633 0. Am. Chem. Soc., 87:8791-8723), Since then, a number of PBDs,
both naturaliy-occuming and anslogues, have been reported {Thurston, of gf., (1994 Chem. Rev. 1994,
433-455 including dimers of the tricyelic PBD scaffold (US 6884799, US 7049311, US 7067511, US
T26R105; US 7511032, US 7528126; US 7557089}, Without intending to be bound by any particular
theory, it is belisved that the dimer structure Imiparts the appropriate three-dimensional shape for
ischelicity with the minor groove of B-form DNA, leading 10 3 snug £it at the binding site {(Kohn, In
Antibiotics 1H, Springer-Verlag, MNew York, pp. 3-11 {1973); Hurley and Needham-YVanDievanter,
{1986} Ace, Chem, Res., 19:230-237). Dimeric PBD compounds bearing C2 aryl substituents have been
shown to be useful as oytotoxic agents (Hartley ot al (2010) Cancer Res. 70{173:6849-6858; Antonow
(20103 S Med. Chem, 53(702927-2941; Howard ot al (2009} Bivorganic and Med, Chem. Leiters
1922164435466},

PBD dimers have been conjogated to anttbodies and the resulting ADRC shown o have anti-
cancer properties. Nonlimiting exemplary linkage sites on the PBD dimer include the five-membered
pyrredo ring, the tether between the PBD units, and the N18-C11 imine group (WO 2009/4016516; US
2009/304710; US Z010/047257; US 2009/036431; US 201 /0236157, WO 201 1/130548).

7 4
7l
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Nonlimiting exemplary PRI dimer components of ADCs are of Formula A

15 o G
e o N/
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i \
e J J
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i A - / R
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RN T\{ T R TN
i 18 8 :
£ R R O A

and salts and solvates thereof, wherein:
the wavy line indicates the covalent attachment site to the linken;
the dotted lines indicate the optional presence of 8 double bond between Cl and C2 or C2 and C3;

R’ is independently selected from H, OH, =0, =CH,, CN, B, OR, =CH-R?, =C{&D),, 0-80,-R,
R and COR, and optionally further selected from hale or dihalo, whersin R is independently
selecied from B, COR, COR, CHO, O0.H, and halo;

R and R” are independently selected from H, B, OH, OR, §H, SR, NH,, NHR, NRR’, N,
MeiSn and halo;

R i independently selecied from H, B, OH, OR, 81, SR, NH., NHR, NRR’, N, Me;8n and
haley;

3 is independently selected from O, § and NH;

R g either H, or R or, where (3 i O, SO5M, where M 15 2 metal cation;

R znd B are cach indepsodently selected from optionally substituted Cog alkyl, T alkyl,
g heterooyelyl, Ty heterooyele, and Csp aryl groups, and optionally in relation to the group NRR”,
R and R’ together with the nitrogen atom to which they are attached form an optionally substinuted 4-,
5+, &- or T-membered heterocyelic ring;

2R RY and R are ac defined for B, RY, R and R respectively:

R"is a .1, alkylene group, which chain may be interrupted by one or more heterpatoms, e.g.
3, §, N{H}, NMe and/or aromatic rings, ¢.g. benzene or pyridine, which rings are optionally
substituted: and
* and X' are independently selected from 3, 8 and NH).

In some embodiments, R and B are each independenily selected from optionally substinsted .
12 alkyl, Ty heteroeyele, and Csop aryl groups, and optionally in relation to the group NRR’, Rand R
ogether with the nitrogen atom fo which they are atiached form an optionally substituted 4-, 8-, 6= or
7-membered heterocyelic ring.

In some embodiments, B and R* are H.

In some embodiments, B and R are HL

¥n some emnbodiments, R are R'7 are both OR™, where R™ is optionally substituted €y, alkyl.
In some embodiments, B is Me, In some smbodiments, R™ s is Ch,Ph, where Ph is a pheny! group.

In some embodiments, X is O,
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In some eshodiments, R is 5L

In some embodimends, there is a double bond between €2 and O3 in sach monomer unit.

In some embodiments, R and 8" are independently selected from H and B. In some
erbodiments, & and R are independently R. In some embodiments, R and R are independently
optionally substituted Csap arvl or O55 aryl or Cyug aryl In some embodiments, 27 and B are
independently optionally substituted phenvl, thienyl, napthyl, pyridyl, quinciinyl, or isogeinolinyl. In
some ermnbodiments, R? and B are independently selected from =0, =CH,, =CH-RP, and "':C(RD)g Cin
some embodirnernis, R? and R each =CH,. In some embodiments, R® and B are each H. In some
embodiments, R and R are each =0, In some embodiments, B* and B are esch =CF,. In some
srbodiments, B and/or R are independently =C{R™,. In some embodiments, B and/or ' are
independently =CH-R®.

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

gither configuration shown below:

et Frff N\ abt
T - -, ffﬁ

14 s -
NN s R L
ég 9. ;Q.J

H
{8} {1

In some embodiments, 8 =CH-RY iz in configuration {I}.
In some embodiments, R” is a C; alkylene group or a Cs alkviene group.
in some emnbodiments, an exemplary PBD dimer component of an ADC has the structure of

Forousia a{l):

{.,
rJ

BT Y \3%

/,J\\ /Nw Ohe OMe

f) Al);
whersin it ig § or .
In some embodiments, an exemplary PBD dimer component of an ADC has the structure of

Formula A

AL

whereinnisQor 1.
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i some embodirnents, an exemplary PBD dimer component of an ADC has the structure of

Formula A{THY:

ATy,
wherein B® and RY are each independently selected from H or K®, whersin B® is defined ss above; and
whersinnis$or i,

in some smbodiments, 1 is 0. In some emwbodiments, n is 1. In some embodiments, BT and/or
RY s H. In some srobodiments, B® and B® are H. In some smbodiments, B and/or RY s R®, wherein
B2 s optionally substituted Cipp alkvl In some embodiments, RE andior RY 15 R®, wherein P is
methyl

In some embodiments, an exemplary PBD dimer component of an ADC has the structure of

Foromla A{ITV}:

R
&QH
H,;, ,r:-'-“:N\E N 0\‘ /\~, e, V/Q Ny S Y "
ir”‘- ’\* L " \//’j\ H “.“1
{ g F N P
A N ( O OME A

A{TVY
wherein Ar’ and Ar are each independently eptionally substituted Cng aryl; wherein Ar' and Ar® may
he the same or different; and
whereinnisfor 1,

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

S
VoM
SESNENS ST
]
g }é;\\
5'1 ,J"L\\/ Ogﬂe -"“N\/}\\Arz

ALV,
wherein Ar' and Ar’ are each independenily optionally substituted Cp arvh wherein Ar' and Ar' may
by the same or different; and
whersinnis for 1.

In seme ernbodiments, Ar' and Ar' are each independently selected from optionally substituted
phenyl, furanyl, thiopheny! and pyridvl, In some embodiments, Ar' and Ar® are sach independently
optionally substituted phenyl. In some embodiments, Ar' and Ar are sach independently optionally
substitzted thien-2-v1 or thien-3-y1. In some embodiments, Ar' and Ar? are each independently

optionally substituted quinolinyl or isoguinolinyl. The quinoliny! or isoquinolinyl group may be bound

b
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to the PBD core through any available ring position. For example, the quinolinyl may be guinolin-2-yl,
guinolin-3-yi, quinolin-4vl, quinolin-3-yi, quinchn-&-yi, guinelin-7-yt and quinolin-8-vl. In some
embodiments, the guinolinyl is selected From quinolin-3-yl and guinolin-6-yi. The isoguinolinyl may be
isogquinelin-1-vl, soguinelin-3-yi, isoquinclin-4yl, isoquinolin-3-yi, isoguinolin-6-vl, isoguinein-7-vi
and isoguinolin-§-yl. In scine erobodiments, the isoguineling is selected from soguinolin-3-vl and
isoquinolin-6-yl,

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

A
OH
\,»{’”\\4/‘\/@1]/ \““g@H
# Ohte oME e Y P P2
2 B

and salts and solvates thereof, wherein:

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

the wavy ling connected to the OH indicates the S or R configuration;

&Y and RY? are independently selected from H, methyl, ethyl and phenyl (which phenvl may be
optionally substinsted with fluors, particularly in the 4 position) and Cy; heterocyelyl; wherein RV and
R may be the same or different; and

nisforl.

In some embodiments, Y and BY? are independently aclected from H, phenyl, and 4-
flucrophenyl.

In some embodiments, a loker may be attached at one of various sites of the PBD dimer drug
moiety, including the N1 fmine of the B ring, the C-2 endo/exo position of the C ring, or the tether unit
linking the A rings {see structures C{I) and C(IF) below).

MNonlimiting exemplary PBD dimer components of ADCs include Formulas C and CL:

? R4
\,0 Ay VQ SN SN

e S N \\ 10 \
r”"( B J I I ,;L s
TN

Rttg /}J\"\/ Z T ?7‘“ \;""’ “\.,,/RJQ
N b R 3 Ry 6 7
'y Ry o
! R4
,r,,.N\ i A \,/’“‘** ﬁ‘r\ PR /’L\ ?: g
s oI O
5 S i - .
R:’f”\ e N r;, Z Z ( ?[ M\‘vg’l\:\f R
” o R Ry O
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Formulas C{I} and COL) are shown in their NIG-CH1 imine form. Exemplary PRD drug
moieties alse include the carbinolamine and protected carbinolamine forms as well, as shown in the

table below:

i
M, 1o @ ory
Y e, e,
\ /.v' \ (’/ \\
5 A
Imine Carbinolamine Protected Carbinolamine

whergin:
XisCHyn=1to 5}, N, or G
Zand 27 are independently selected from OR and NR,, where R is a primary, secondary or tertiary
aikyl chain containing 1 to § carbon atoms;
R, R’ Ry and R’ are each independently selected Som H, €,-Cy alkyl, C1-Cy alkenyl, C-Cy alkynyl,
Csao aryl (including subatituted aryls), Cs.ap heteroary! groups, ~NH;, -NHMe, -OH, and -8H, where, in
some embodirpents, alkyl, alkenyl and alkynyl chains comprise up 1o § carbon stoms;
R, and R’; are independently selected from H, OR, KHE, and NR,, where R is a primary, secondary or
tertiary alkyvl chain containing 1 to 5 carbon atoms;
R, and R are independently selected from H, Me, and ObMe;
Ry 15 selected from -Gy alkyl, $3-Cy slkenyl, Co-Cy allovnvl, Cogg aryl (inchuding arvis substituied by
halo, nitro, cyano, alkoxy, alkyl, heterooyelyt) and Coge heteroaryl groups, where, in some
embodiments, alkyl, alkeny! and alkynyl chains comprise up to 5 carbon aloms;
Ryyis H, C-Cg alkyl, or & protecting group (such as acetyl, mluoroacetyl, t-butoxyearbonyl (BOC),
benzyvloxycarbonyl (CBE), S-fluorenylmethylenoxvearbony! (Fiooc), or 2 molety comprising a self-
immolating unit such as valine-citrulline-PAB);
Rizisis H, £,-Cy alkyl, or a protecting group:
wherein a hydrogen of one of By, R7y, By, B3, or By or a hyvdrogen of the ~-OCHCHOLCHCHLO-
spacer betwesn the A rings is replaced with a bond connected to the linker of the ADRC,

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

the site of covalent attachment o the linker):

7T o
i
M S ”ﬁN‘*l Sy O‘V/\\/”\vfo\r’% N\‘f& 4
ey
N -
Lo AL
o "~ % =~
Q G ~ PBD dimer,

Nordimiting exemplary embodiments of ADCs comprising PBD dimers have the following

SErUCEIres:
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PED dimer-maleimide-scetal-Ab;

H, //"T;N AN D D ~ 2y, M “&H
“4\ lfi.‘;\f/[\ i . j!\ ,-I { h“
A Ny “ S NS
2

— P
PR dimer-Phe-horooLys-PAB-Ab, wherein:

nis o 12, In soune embodiments, o is 2 to 1. In some embodiments, nis 4 0 8. In some

embodimenis, n is selected from 4, 5, 6, 7, and 8.
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The linkers of PBD dimer-val-cit-PAB-Ab and the PBD dimer-Phe-homoLys-PAB-Ab are
prisiease cleavable, while the lindier of PBD dimer-maleimide-acets! is acid-labile.

PRD dimers and ADC comprising PED dimers may be prepared according o methods koown
in the art. See, e.g., WO 2009/016516; US 2009/304710; US 2010/047257; US 2009/036431; US
2010256157, Wil 201 1/130398,

(5} Anthracyelines

In some embadiments, an ADC comprising anthracycline, Anthracyclines are antibiotic
comprunds that exbibit cytotoxic activity, While not intending to be bound by any particular theory,
studies have indicated that anthrecyclines may operate to kill cells by 2 number of different
mechanisms, including: 1) intercalation of the drug melecules into the DNA of the cell thereby
inhubiting DNA-dependent nucleic acid synthesis; 2) privduction by the drug of free radicals which then
react with celiular macromolecules to cause damage o the cells, and/or 3) interactions of the drug
molecules with the cell membrane (see, 2.z, C. Peterson o af, “Transport And Storage Of

Anthracycline In Experimental Systems And Human Leukenia” in Anthracveline Antibiotics In Cancer

Therapy; MR, Bachur, “Free Radical Damage” id. at pp.97-102). Because of their cyiotoxic potential
anthracyciines have been used in the ireatment of numerous cancers such as leukemia, breast
carcinoma, hng carcinoms, ovanan adenocarcinoma and sarcomas (see e.g., PH- Wiernik, in

Anthracveling: Current Status And New Developmentsp 1)

Monlimiting exemplary anthracyelines includs doxorubicin, epirubicin, idanbicin,
daunmoyein, nemorubicin, and derivatives thergof, Enmumocorniugates and prodrugs of daunorubicin
and doxorubiein have bBeen prepared and studied (Kratz et al (20063 Current Med. Chem. 13:477-523;
Teffrey et al (3006) Bicorganic & Med. Chem. Lesters 16:338-362; Torgov ot al (2008} Rivcony. Chem.
F5:717-721; Nagy et al (2000} Froc. Nagl, dcad, Sci, USA 97:829-834; Dubowchik et ai (2002} Bivorg
& Med. Chem. Leiters 12:1529-1532; King of al Q002Y .7 Med. Chem. 45:4336-4343; HP 0328147, US
6630579}, The antibody-drug conjugste BR8S-doxonibicin rescts specifically with the nimor-
associated antigen Lewis~Y and has been evaluated in phase 1 and 1Y studies {Saleh ot al (2000) .7 (lin
Oncology 18:2282-2292; Ajam e sl (2000} Concer Jour. 6:78-81; Tolcher at al (1999} .7 Clin
Oncology 17:478-484),

PML-159682 15 & potent metabolite {or derivative} of nemorubicin (Quintier, ef ol (2005}
Clinical Cancer Besearch 1143 1608-1617). Memorubicin is s semisynthetic analog of doxorubicin
with a Z-msthoxymorpholing group on the glveoside amino of doxorublcin and has been under clinical
evaluation {Grandi ot al (1990} Cancer Treai. Rev, 17:133; Ripamonti et al {1992} 8rir. . Cancer
£5:703; }, including phase I/ trials for hepalocellnlar carcinoma (Sun ot al (2003} Proceedings of the
American Society for Clinical Gneology 22, Abs1448; Quintieri {2003} Proceedings of the American
Association of Cancer Research, 44:1st Ed, Abs 4649; Pacciarini et ol (3006} Jour. Clin. Oucology
24:14118).
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A nonlimiting exernplary ADC comprising nemorubicin or nernorubicin derivatives is shown in

Formula fa:

o ow & T
F A /L\.,;}f/\ /H.\/, \L s e
ol T\OH "
S A
R, O OH ©
{fa}
&
P S e
bed )
>
RZ
——— RN 3 ]

wherein K, is hydrogen atorm, hydroxy or methoxy group and Ry is a C-Cs alkoxy group, ora

phanmaceutically acceptable salt thereof]

Ly snd 2 together are 3 linker (L) as described herelny

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

mis 1o about 20, Insome embodiments, mis o 13 1to 7, 1t 8, or L to 4,

In some smbodiments, B, and ¥; are both methoxy (-OMe),

A further nondimiting exemplary ADC comprising nemorshicin or nemorubicin derivalives is

shown in Formula Ih:

/"‘Z
O oM i
K\)\ R O
L o
\\Q:}'/ ’-\\f%r
B, © OH D
@ij\
//\’\.‘1“/ N___,_\
O /
-<\‘,~{}
”{

{i}

wherein R, is hydrogen atom, hyvdroxy or methoxy group and Ry is 3 O;-Cs alkoxy group, or a

pharmaceutically acceptable salt thereof]

L, and 7 together gre a linker (L.} as described herein;

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

s 110 about 20, In some embodiments, mis lw 18, 1107, Lo S, or 1 10 4.

In some embodiments, B, and By are both methoxy (-OMe).
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In some embodiments, the nemorubicin component of a nemorobicin-containing ADC is PNU-

139682, In some such embodiments, the drug portion of the ADC muay have one of the foliowing
struchires:

GO
A L OF
G OH ] 4
,ﬁ\f\. g g
L\ I s OH
A3 0 (it

wherein the wavy line indicates the attachment to the lnker (L),
Anthracyclines, including PNU-159082, may be corjugated to antibodies tuough several
linkage sites and a variety of linkers (US 2011/0076287, WO2009/099741; US 2010/0034837, WO

20107009124y | including the Hnkers described herein,

iG Exemplary ADCs comprising a nemornbicin and linker include, but are not limited io;

PN 0 SR
P Tx‘ N ""/\F ’ \r\ /\\1/ o~ )>¢_,_ S“\;\b
L\ A A ’QH )m

g3
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PN 59682 maleimide acetal-Alb;
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PNU-138682val-cit-PAB-spacer-Al;
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PMIL-15968 2 val-cit-PAB-spacer(R' R7)-Ab, wherein:

R, and K; are independently selected from H and C-Cg sikyl; and

S-~Ab
NH'\ }&\(
5 4
Q/K\
‘:\“Y’J'/’N"”\\
5@\\]0
5‘\
p

PNU-1 59682 -maleimide-Ab.

The bnker of PNU-1358682 maleimide acstal-Ab is acid-labile, while the hinkers of FNU-
1539682 valcit-PAR-Ab, PNU-1 36682 val-cit-PAB-spacer-Ab, and PNU-1 59482 val-cit-PAR-
spacer(R'RY)-Ab are protease cleavable.

(6} Other Drug Moletiex

Drug moieties also include geldanamyvein (Mandier et a1 (20001 4 Naz Cancer fnst,

GIONISTA158Y; Mandler et al (2000} Bioorganic & Med. Chem. Letters 10:1025-1028; Mandler st al

{2002 Bioconjugate Chem, 137786-791); and enzymatically active toxins and fragments thereot,

tncluding, but not limited to, diphtheria A chain, nonbinding active fragrments of diphtheria foxin,
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saoioxin A chain {from Pseudomonas aeniginesa), ricin A chain, abrin A chain, modeccin A chain,
alpha-sarcin, Aleuriles fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPL PAPIL
and PAP-5), momordica charantia inhibitor, curcin, erotin, sapsonaria officinalis inhibitor, gelonin,
mitogellin, restriciocin, phenomyein, enomyein and the tricothecenes, See, ez, WO 93/21232,

Drug moieties also include compounds with pucleslytic astivity {e.g., a ribonuclaase or a DNA
encdonucisase).

in sertain embodiments, an inwmunoconjugate may comprisa a highly radioactive atom. A
variety of radisactive isotopes are available for the production of radioconjugated antibodies, Examples
include ACT I I Y70 Re™ Re™ 5m'™ BV, PP PR and radioactive isotopes of Lu. In some
embodiments, when an immunoconjugaie is used for detection, it may comprise a radicactive atom for
scintigraphic studies, for example T¢™ or ', or 2 spin label for nuclear magnetic resonance (NMR)
imaging (alse known ag magnetic resonance imaging, MREID), such as zirconium-89, wodine-123, indine-
131, indium-1 11, fluorine-19, carbon-13, nitrogen-1 5, oxvgen-17, gadelinhum, manganese or fron.
Zirconum-8% may be complexed fo various metal chelating agents and conjugated o antibodies, .z,
for PET tmaging (WO 2011/056983),

Ths radio- or other labels may be incorporated in the immuonoconjugate in known ways, For
example, 3 peptide may be biosynthesized or chemically synthesized using suitable amine acid
precursors comprising, for example, one or more fuorine-19 atoms it place of one or more hydrogens.
In some embodiments, labels such as Te™, I'¥, R’ Re™ and In'" can be attached via a cysicing
residue in the antibody. In some embodiments, yitriem-90 can be aitached via 3 lysine residue of the
antibody. In some embodiments, the IDDOGEN method (Fraker et al (1978) Bicchom. Biophys. Res.
Commun, 80 49-57 can be used (o incorporate iodine-~123. "Monoclonal Antibodies in
Iremunoscintigraphy” (Chatal, CRO Press 1989} degcribes certain other methods,

Ins certain embodiments, an mpmmoconjugate may comprise an antibody conjugated o a
prodrug-activating enzyms. In some such embodiments, a prodrug-activating enzyme converts 8
prodrug {e.g., a pepiidy! chemotherapeutic agent, see WO 31/01145) to an active drug, such as an anti~
cancer drug. Such inmunoconjugates are useful, in some embodiments, in anttbody-dependent enzyme-
mediated prodrug therapy ("ADEPT™). Enzymes that may be conjugated to an aniibody include, but are
not linited to, alkaline phosphatases, which are usefil for converting phosphate-containimg prodrugs
into free drogs; arylselfatases, which are useful for conveniing sulfste-containing prodrugs into fres
dmgs; eyiosine deaminase, which is useful for converting non-toxie S-flucrocytosine into the anti-
cancer drug, S-flucorouracil; proteases, such as serratia protease, thermolysin, subitilisin,
carboxypeptidases and cathepsing {(such 8s cathepsing B and L), which are useful for converting
peptide-containing prodmgs inio free drugs; D-alavvicarboxypeptidases, which are useful for
sonverting prodrigs that contain D-amino acid subsiituents; carbohydrate-cleaving enzymes such as B-
galactosidase and newraminidase, which are useful for converting glyvcosylated prodrugs into free drugs;

f-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 useful for
converting drugs derivatized at theilr amine nitrogens with phenoxyacety! or phenvilacetyl groups,
respectively, into free drugs. In some embodiments, engymes may be covalently bound to antibodies by
recombinant DNA technigues well known in the art. See, e g, Neuberger 2 af, Nature 312:604-608
{19843,

¢y Drug Loading

Drug loading is reprasented by p, the averags number of drug moisties per antibody in g
melecule of Formula § Drog loading may range from 1 to 20 drug moieties (I3} per antibody, ADUs of
Formula ] include collections of antibodies conjugated with a range of drug modeties, from 1 to 20, The
average murnber of drug moieties per antibody in preparations of ADC from conjugation reactions may
be charascterized by conventional means such as mass spectroscopy, ELISA assay, and HFLC. The
guantitative distribution of ADC in terms of p may also be determined. o some instances, separation,
purtfication, and characterization of homogeneous ADC where p is a certain value from ADC with
other drug loadings may be achioved by means such as reverse phase HPLT or electrophoresis.

For some antibody-drug conjugates, p may be lmited by the number of attachment sites on the
aniibody. For example, where the attachment is 8 cysteine thiol, as in certain exemplary embodiments
above, an antibody may have only one or several cysteine thiol groups, or may have only one or several
sufficiently reactive thinl groups through which a lindier may be attached. In certain embodiments,
bigher drug leading, e.g. p >3, may causs aggregation, insolubility, toxicity, or loss of cellular
permeability of certain antibody-diug conjugates. In certain embodiments, the average drug loading for
an ADC ranges from { to about §; from gbout 2 to about 6; or from about 3 to about 3, Indeed, it has
been shown that for centain ADCs, the optimal ratio of drug moleties per andibody may be less than 3,
and may be about 2 1o abows 5 (U8 7498298},

In certain embodiments, fewer than the theoretical maximum of drug moieties are conjugated to
an antibody during a conjugation reaction. An antibody roay contain, for example, lyvsine residues that
do not react with the drug-linker intermediate or linker reagent, as discussed below. Generally,
antibodies do not contain many free and reactive cysteine thiol groups which may be linked (0 a drug
moiety; indeed mast cysteine thiol residues in antibodies exist as disulfide bridges. In certain
embodiments, an antibody may be reduced with a reducing agent such as dithiothreitol {(DTT) or
tricarbonylethyiphosphine (TCEP), under partial or total reducing conditions, to generate reactive
cysteine tuol groups. In cerfain embodiments, an antibody is subjected to denaturing conditions to
reveal reactive nucleophilic groups such as lysine or cysteine.

The leading (drug/antibody ratio} of an ADC may be controlied in different wavs, and for
example, by: (i} limiting the molar excess of drug-linker intermediate or Hnker reagent relative to
antibady, {it) limiting the conjugation reaction time or temperanire, and (ii1) partial or luniting reductive

conditions for eysteine thiol modification.
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it is 1o be understood that where more than one nucleophilic group reacts with a drug-linker
intermediate or lnker reagent, then the resulting product is a mixture of ADC compounds with a
distribution of one or more drug moicties attached o an antibody. The average number of drugs per
antibndy may be calculated from the mixturs by a dual ELISA aotibody assay, which is specific for
antibody and specific for the drug, Individual ADC molecules may be identified in the mixture by mass
speciroscopy and separated by HPLO, ez hydrophobic interaction chromatography {see, ez,
McDonagh et al (2008} Prot. Engr. Design & Selection 19{7):299-307; Hamblett et af {2004} Clin,
Cancer Res, 13:7063.-7070; Hamblett, K.J,, es ¢l “Effect of drug loading on the pharmacaology,
pharmacokinetics, and toxicity of an anti-ChD30 antbody-drug conjugste,” Abstract Ne, 624, American
Associgtion for Cancer Research, 2004 Anwwual Meeting, March 27-31, 2004, Proceedings of the
AACR, YVolume 45, March 2004; Alley, 8.C,, e¢ ¢l “Controlling the location of drug attachment in
antibody-drug conjugates,” Abstract Mo. 627, American Association for Cancer Research, 2004 Anrual
Mesting, March 27-31, 2004, Procesdings of the AACR, Volume 43, March 2004), In cartain
armbodiments, 3 homegeneous ADC with a single loading valuse may be isolated from the conjugation
rolxiure by electrophoresis or chromatography.

d} Certain Methods of Preparing Iinmunoconiusates

An &ADC of Formmula I may be prepared by several routes erploving organic chemisiry
reactions, conditions, and reagents known (o those skilled in the an, nchuding: (3} reaction of a
nucieophilic group of an antibody with a bivalent Hnker reagent to form Ab-L via a covalent bond,
followed by reaction with a drug moiety D; and (2} reaction of 8 nucleophilic group of a drug moiety
with a bivalent Hnler reagent, to form -1, via a covalent bond, followed by reaction with a
nucleophibic group of an antibody. Exemplary methods for preparing an ADC of Formula 1 via the latter
readie are described in US 7498208 which is expressly incorporsted herein by reference.

Nucleophilic groups on antibodies inchude, but are not Hmited o0 (1) N-terminal amine groups,
{1i} side chain amine groups, e.g lysine, (i) side chain thiol groups, e.g. cysteine, and (v} sugar
hydroxyl or amino groups where the antibody is glysosylated. Amine, thiol, and hydroxyl groups are
nucleophilic and capable of reacting 1o form covalent bonds with electrophilic groups on Hnker
moieties and linker resgents incloding: {i) active esters such as NHS esters, HOBI esters, haloformates,
and acid halides; (i1} alkyl and benzyl halides such as haloacetamides; and (i) aldehvdes, ketones,
carbonyl, and maleimide groups. Certain antibodies have reducible interchain disulfides, fe. cysieine
bridges. Antibodies may be made reactive for conjugation with Hoker reagents by treatment with a
reducing agent such as DTT {(dithisthreltol} or tricarbonylethyiphosphine {TCEPY, such that the
antibody 13 fully or partially reduced. Hach cysieine bridge will thus form, theoretically, two reactive
thiol nucleophiles. Additional nucleophilic groups can be introduced into antibodies through
modification of lysine residuss, e.g., by reacting lysine residues with 2-iminothiclane {Traut’s reagent),

resulting in conversion of an amine into 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 amine acid residuss).

Aniibody-drug conjugates provided herein may also be produced by reaction between an
electrophilic group on an antibody, such as an aldehyde or ketone carbonyl group, with a nucleophilic
group on a linker reagent or drug. Usetul nuclenphilic groups on & Hnker reagent include, nd are not
limited to, hydrazide, oxime, amine, hydrazine, thissemicarbazone, hydrazine carboxylaie, and
arvihydrazide. In one embodiment, an antthody is modified to introduce electrophilic moisties that are
capable of reacting with nuclsophilic substituents on the Hrker reagend or drug. Int another embodiment,
the sugars of glycosylated antibodies may be oxidized, e.g. with periodate oxidizing reagents, to formn
aldehyde or ketone groups which may react with the amine group of linker reagents or drug moiseties,
The resulting troine Scbiff base groups may form a stable linkage, or may be reduced, e.g. by
borohydride reagents to form stable amine linkages. In one embodiment, reaction of the carbohvdrate
portion of a glycosylated antibody with either galactose oxidase or sodium meta-periodate may vield
carbonyl {aldehyde and ketone} groups in the antibody that can react with appropriate groups on the
drug {Hermanson, Bioconjugate Technigues), In another embodiment, antibodies containing N-termirnal
sering or threonine residues can react with sodivm meta-periodate, resulting in production of an
aldehyde in place of the first amine acid (Geoghegan & Stroh, (1992} Bioconjugare Chem. 3:138-146;
U8 5362832). Such an aldehyde can be reacted with a drug moiety or Hinker nucleophile.

Exemplary nucleophilic groups on a drug moiety include, but are not Hmited to: amine, thiol,
hydroxyl, rydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and aryvthydrazide
groups capable of reacting to form covalent bonds with electrophilic groups on linker moleties and
lnker reagents including: (i) active esters such ss NHS esters, HOB! esters, haloformates, and acid
halides; (i) alky! and benzyl halides such as haloacetamides; (ii1) aldehvdes, ketones, carboxyl, and
maleimide groups.

Nonliroiting exemplary cross-linker reagents that may be used to prepare ADC are described
herein in the ssction titled “Exemplary Linkers.” Methods of using such cross-linker reagents to Hnk
two moieties, inchuding s proteinaceous molety and a chemics! moiety are known in the art. In some
ernbadiments, & fusion protein comprising an antibody and a cytotoxic agent may be made, 2.2, by
recombinant techniques or peptide synthesis, A recombinant DNA molecule may comprise regions
encoding the antibody and cyiotoxic portions of the conjugste either adjacent 1o one another or
separated by a region encoding a linker peptide which does not desiroy the desired properties of the
coniugale.

In vet ancther embodiment, an antibody may be conjugated (o 8 “receptor”™ (such as
streptaviding for utilization in tumor pre-targeting wherein the sntibody-recepior conjugate is
administered 1o the patient, followed by removal of unbound conjugate from the circulation using a
clearing agent and then administration of 8 "ligand” {e.g., avidin} which is conjugated to a cyiotoxic

agent {e.g., 8 drog or radionuclentide),
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E. Methods ang Compositions for Biagnostics and Detection

Ist centain erpbodiments, any of the anti-FoRHS antibodies provided herein is usefud for
detecting the presence of FeRHS {e.g., FcRHS) in a binlogical sample. The term "detecting” as used
herein encompasses quantitative or qualitative detection. In certain embodiments, a bislogical sample
corpprises a cell or issue. In certain smbodiments, such tesuss include normal and/or cancerous tissues
that express FeRHS at higher levels relative 1o other tissues, for example, B-cells and/or B-cell
associated tissues. In some embodiments, the anti-FeRHS antibody binds an {soform c-specific region
of the extraceliular doroain of FeRHS¢. In sorne embodiments, the anti-FoRHS antibodies binds Ig-like
domain @ of FeR 5S¢,

In one aspect, provided berein are methods of detecting the presence of FeRHS in a biclogisal
sample. {n certain embodiments, the method corprises contacting the bislogical sample with an anti-
FeRHS antibody vnder conditions permissive for binding of the anti-FeRHS antibody to FeRHS, and
detenting whether 8 complex is formed between the anti-FeRHS antibody and FeRHS. In one aspect, the
mvention provides a method of disgnosing a disorder associated with increased expression of FoRHS,
in certain erpbadiments, the method comprises contacting a test cell with an ant-FoRHS antibody;
determining the level of expression {either guantitatively or qualitatively) of FeRHS by the test cell by
detecting binding of the anti-FeRHS sntibody to FoRHS; and comparing the level of expression of
FoRHS by the test cell with the level of expression of FeRHS by a control cell {e.g., a normal celi of the
same tissue origin as the test cell or a celf that expresses FoRHS at levels comparable o such a nommnal
cell}, wherein a higher level of expression of FoRHS by the test cell as compared to the control cell
indicates the presence of a disorder associated with increased expression of FeRHS. In certain
ermbodiments, the test cell is obtained from an individual suspected of having a disorder associated with
increased expression of FeRHS. In certain embodiments, the disorder is a cell proliferative disorder,
such as a cancer or & funer. In some embodiments, the FeRHS is FeRH5¢. In some embodiments, the
anti-FeRHS antibody binds an isoform c-specific reglon of the extracellular domain of FeRE3e. In
some smbodiments, the anti-FoRH3 antibodies binds {g-like domain 9 of FeRHSe.

Exemplary cell proliferative disorders that may be diagnossed using an antibody described
herein inchide a B-cell disorder and/or & Bocell proliferative disorder including, but not Hmited 1o,
tymphoma, multiple myeloma non-Hodghin’s lymphoms (NHL), aggressive NHL, relapsed aggressive
MHL, relapsed indolent NHL, refractory NHL, refractory indolent NHL, chronic ympboeytic leukemia
{CLL}, small lymphooytic lynmphoma, lenkemia, hairy cell leukemia (HCL), acute lymphooytie
feukemia (ALLY, and mandle cell lymphoma.

In one embodiment, an anti-FeRE3S antibody for use in & method of disgnosis or deteciion i3
provided. In a further aspect, 8 method of detecting the presence of FeRHS in s biological sample is
provided, In certain embodiments, the methed comprises contacting the blelogical sample with an anti-
FoRHS antibody as deseribed berein under conditions penmissive for binding of the anti-FeRHS

antibody to FeRHS, and detecting whether a complex s formed between the anit-FeRHS antibody and
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FeRHS in the biological sample. Such method may be an in vitre or in vive method. In one
ernbodimment, an anti-FeRHS antibody is used to select subjects eligible for therapy with an anti-FeRHS
antibody, e.g. where FoRHS is a biomarker for selection of patients, In & Rirther embodiment, the
biological samuple is a cell or tissue {e.g., blopsy material). In some embodiments, the ant-FeRHS
antibody binds an isoform c-specific region of the extracellular domain of FoRH5¢, In some
embodiments, the anti-FeRHS antibodies hinds Ig-like domain 9 of FeRHSe.

in 2 firther embodiment, an ant-FeRHS antibody is used in vive to detect, e.g., by i vive
imaging, an FeRHS-positive cancer in a subject, e.g., for the purposes of diagnosing, prognosing, or
staging cancer, determining the appropriate course of therapy, or moniioring response of a cancer 1o
therapy. Une method known in the art for in vive detection is irunons-positron emission tomography
{immunc-PET}, as described, e.g., in van Dongen ef af., The Oncologiss 12:1379-1388 (2007 and Verel
et ol J Nucl Med 44:1271-1281 (2003). In such embodiments, a method is provided for detecting an
FeRHS-positive cancer in a subject, the method cornprising sdminisiering & labeled anti-FoRHS
antibody to a subject baving or suspected of having an FeRMS-positive cancer, and detecting the
labeled anti-FoRIS antibody in the subject, wherein detection of the labeled anti-FeRHS sntibody
indicates an FeRM3-positive cancer in the subject. In certain of such embodiments, the labeled anti-
FeRHS antibody comprizes an anti-FeRHS antibody conjugated to a positron emitter, such as ¥Ga, 5F,
“e, B P8, Brr and Y Ing particuiar embodiment, the positron emitter is 7. In some
embodimenis, the anti-FCRHS antihody binds an isoform c-specific region of the extraceliular domain
of FeRHS¢, In some embodiments, the ant-FeRHS antibodies binds lg-like domain § of FeRHsc.

In further embodiments, a method of diagnosis or detection comprises contacting a firet anti-
FolH3 antibody iromobilized to 2 substrate with a bislogical samuple (o be tested for the presence of
FcRHS, exposing the substrate to a second anti-FeRHS antibody, and detecting whether the second anti-
FeRHS is bound o a complex between the first anti-FeRHS amtibody and FeRHS in the binlogical
sample. A substrate may be any supportive medium, e.g., glass, metal, ceramic, polymeric beads, slides,
chips, and other substrates. o cerfain embodiments, a biological sample comprises 3 cell, blood, or
tissue {e.2., biopsy material)

Exernplary disorders that may be disgnosed or detected sccording to any of the above
embodiments include FeRHS-positive cancers, such as FeRHS-positive B-cell proliferative disease,
FoRH3-positive plasma cell neoplasm, and FoRHS-positive moultiple myeloma, In some embodiments,
an FcBHS-positive cancer is detected by anti-FeRH3 tmumunchisiochemisiry (THC) or o situ
hiybridization (ISH)}. In some embodiments, an FeRM3-positive cancer is 8 cancer that expresses FoRHS
according o a reverse-transcriptase PCR (RT-PCR) assay that detects FeRHS mBMNA. In some
embodisents, the RT-PCR is quantitative RT-PCR.

In ceriain embodiments, labeled anti-FeRHS antitbodies are provided. In some embodiments,
the anti-FeRHS antibody binds an isoform c-specific reglon of the extracellular domain of FeRHSe. In

some embodiments, the anti-FoRHS antibodies binds Ig-tike domain 9 of FeRISc. Labels include, but
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are not Hmited to, labels or muoieties that are detected dirvectly {such as fluorescent, chromophoric,
electron-dense, chemiluminescent, and radicactive labels), as well as moletiss, such as enzyimes or
higands, that are detected indirectly, e.g., through an enzymatic reaction or molecular interaction,
Exenplary labels inchude, but are not limited to, the radicisctopes Rp Mg 125y 3 H, and MY,
fluorophores such as rare sarth chelates or fluorescein and its derivatives, rhodamine and its derivatives,
dansyl, umbeliiferone, fuciferases, e.g., fivefly luciferase and bacterial luciferase (118, Patent No.
4,737,438}, luctferin, 2,3-dihydrophthalazinediones, horseradish peroxidase (HRP), alkaline
phosphatase, B-galactosidase, ghicoamylase, lysozyme, saccharide oxidases, e.g., ghucose oxidase,
galactose oxidase, and glucose-G-phosphate dehydrogenase, heterooyclic oxidases such as uricase and
xanthine oxidase, coupled with an enxyme that employs hydrogen peroxide to oxidize a dye precursor
such as HRP, lactoperoxidase, or microperoxidase, biotin/avidin, spin labels, bacteriophage labels,
stable free radicals, and the like. In another embodiment, 2 label is a positron emitter. Positron emitters
inchude but are not Hmited 1o ®Ga, 5, ¥Cu, ¥y, PRr, ¥7r and L Ina parficular embodiment, a
positron emitter is  2r.
F. Pharmaceutical Formulstions

Pharmaceutical formulations of an anti-FeRH3S antibody or immunoconjugate as described
herein are prepared by mixing such antibody or innunoconjugate having the desired degree of purity
with one or more aptional pharmacsutically acceptable carriers (Remington'’s Pharmaceusical Sciences
16th edition, Gsol, A. Ed. (1980}, in the form of lyophilized formulations or aqueous solutions.
Pharmaceutically acceptable carriers are generally nontoxic 1o recipients at the dosages and
concentrations emploved, and include, bt are not limited to: buffers such as phosphate, citrate, and
other arganic acids; antioxidants including sscorbic acid and methioning; pressrvatives {such as
ociadecyidimethyibenzyl arnmonium chloride; hexamethonium chloride; benzalkonium chivride:
benzethonium chioride; phenol, buty! or benzyt aloohol; allcyl parabens such as methyt or propy!
paraben; catechol; resorcinol; cyclchexannl; 3-pentancl; and m-cresol); low molecular weight (less than
about 10 residues) polypeptides; proteins, such as serum albursin, gelatin, or imrnunogiobulins;
ydrophilic polymers such as polyvinylpyrrolidone; amine acids such as glycine, ghutamine,
asparagine, histiding, arginine, or lysine; monosaccharides, disaccharides, and sther carbohydrates
mncluding ghicose, manmose, or dextrins; chelating agents such as EDTA; sugars such as sucrose,
mannitel, trehalose or sorbitol; salt-forming counter-ions such as sodium; metal complexes (2.2, Zn-
protein complexes); and/or non-tonic surfactants such as polyethylene glyeol (PEG). Exemplary
pharmaceutically scceptable carriers herein further include insterstitial drug dispersion agents such as
soluble neutral-active hyahironidase glycoproteins (SHASEGP), for example, human soluble PH-20
hysluronidase glycoproteins, such as rHuPH20 (HYLENEX", Baxter Intermational, Inc.}. Certain
exeroplary sHASEGPs and methods of use, including tHuPH20, are desceribed in US Patent Publication
Mos, 2005/02601 86 and 2006/0104968. In one aspect, a sSHASEGPE is combined with one or more

additional glvcosaminoglyeanases such as chondroitinases, In some embodiments, the anti-FeRHS
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antibody binds an isoform c-specific region of the extracellular domain of FeRHS¢, In some
embodiments, the anti-FeRHS antibodiss binds Ig-like domain 9 of FeRHS5¢,

Exemplary fvophilized antibody or immunoeonjugate formulations are described in US Patemt
Mo, 6,267,838, Agqueous antibody or immunoconpigate formulstions include those described in US
Patent Mo. 6,171,388 and WO2Z008/344908, the latter formulations including a histidine-acetate buffer.

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

Active ingredients may be enfrapped inn microcapsules prepared, for example, by coacervation
techniques or by interfacial polymerization, for example, hydroxymethyleelhulose or gelatin-
microcapsules and poly-tmethylmethacylste) mucrocapsules, respectively, in colloidal drug delivery
systems {for example, lposornes, allnumin microspheres, microenwmilsions, nano-particles and
nanocapsules) or in macroemulsions. Such techniques arg disclosed in Remingion's Pharmaceutical
Sciences 16th edition, Osel, A, Ed. (1980).

Sustained-release preparations may be prepared. Suitable examples of sustained-release
preparations inchude semipermeable matrices of solid hydrophobic polymers containing the antibody
and/or inynunoconjugate, which matrices are in the form of shaped articles, e.g. films, or
microcapsulies.

The formulations w be used for in vive administration are generally sterile. Sterility may be
readily accomplished, e.g., by fltration through sterile fliration membranes.

>, Therapeutic Methods apd Compositions

Arny of the anti-FoRHS antibodiss {e.g., FeRHSJ bispecific antibodies) andior
imnuncomyugates provided berein may be used in methods, e.g., therapeutic methods. In some
embodiments, the anti-FeRHS autibody binds an soform ¢c-specific region of the extracellular domain
of FeRHSc. In some embodiments, the snti-FeRHS antibodies binds Ig-like domain ¢ of FeRH3c.

in one aspect, an anti-FoRHS antibody {e.g., FeRIES bispecific antibody) and/or
inwnuneconjugate provided herein (s used in a method of inhibiting proliferation of an FoRHS-positive
cell, the method comprising exposing the cell to the antl-FeRHS antibody {e.g., FeRHS bispecific
antibody) and/or immunoconjugate under conditions permissive for binding of the anti-FeRHS antibody
{e.g., FcRHS bispecific antibody) and/or inmunoconjugate to FeRHS {e.g., FeRHSc) on the surface of
the cell, thereby inhibiting the proliferation of the ¢eil. In certain embodiments, the method is an in
vitro o an in vive method. In firther embodiments, the cell is a B-cell profiferative disorder. In certain
embodiments, the cell proliferstive disorder is associzted with increased expression and/or activity of
FoRHS (e.g., FcRH5¢). For example, in certain smbodiments, the Becell proliferative disorder is
associated with increased expression of FoRHS on the surface of a B-cell. In centain smbodiments, the
B-cell proliferative disorder is a tumor or a cancer. {n some embodiments, the B-cell proliferative

disorder is & plasma cell neoplzsin, In some embodiments, the plasma cell neoplasm is multiple

a3



(%)

ig

15

4]
<2

G
5

34

WO 2014/210064 PCT/US2014/043952

myelorna, plasmacytoma, and/or MOUS. Examples of B-cell proliferative disorders (o be treated by the
antibodies and/or immunoconjugates of the invention include, but are not imited to, lymphoma,
mitltiple myslomanon-Hodgkins lymphoms (INHL), aggressive NHL, relapsed aggressive NHE,
refapsed indolent NHL, refractory NHL, refractory indolent NHL, chrenic Iymphocytic leukernia
{CLL}, small lymphocytic vraphoma, lewkernda, hairy cell lsukemia (HCL), acute lymphoeytic
ieukemia (ALLY, and/or mantle cell bymphoma,

Presence of various biomarkers in a sample can be analyzed by a number of methodelogies,
many of which are known in the art and understood by the skilled artisan, including, but not Hmited 1o,
immmunohistochemistry (“IHC"), Western blot analysis, monwnoprecipitation, molecular binding assays,
ELISA, ELIFA, flucrescence activated cell sorting (“FAUS™), MassARRAY, protesmics, quantiiative
blood based assays {as for example Serum ELISA), bischemical enzvmatic activity assays, in situ
hybridization, Southern analysis, MNorthern analysis, whole genome sequencing, polymerase chain
reaction ("PCR") including quantitative real time PCR {("gRT-PCR”} and other aroplification type
detection roethods, such as, for example, branched DNA, SISBA, TMA and the lke, RNA-Seg, FISH,
microarray analysis, gene expression profiling, sndfor serial analysis of gene expression (“SAGE™), as
well as any one of the wide variety of assays that can be performed by protein, gene, and/or fissue array
analysis. Typical prowocols for evaluating the status of genes and gene products are found, for example
in Ausubel ef @f, eds., 1993, Current Protocols In Molecular Biology, Uniis 2 (Northern Blotting}, 4
{Southern Bletting}), 15 (honwnobloiting) and 18 {PCR Analysis), Multiplexed immunoassays such gs
those available from Rules Based Medicine or Meso Scale Discovery ("MSD™} may alao be used.

Trihibition of cell proliferation in vitre may be assayed using the CellTiter-Glo™ Lurminescent
Cell Viability Assay, which is comunercially available from Promega (Madison, WI). 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 e af. (199330 fownpnol, Meth, 160:81-88, 1S Pat,
Np. 6602677, The assay may be conducied in 26- or 384-well format, making it amenable to automated
high-throughput scresning (HT8). See Cree e al (1998} dntiCancer Drugs 6:398-404, The assay
procedure involves adding a single reagent (CeliTiter-Cio” Reagent) directly to cultured cells. This
results in cell bysis and generation of a himinescent signal produced by a luciferase resction. The
lurmninescent signal is proportional o the amount of ATP present, which is directly proportional to the
mimber of visble cells present in cubure. DJata can be recorded by luminometer or CCD camera
imaging device, The huninescence oulput is expressed as relative ght units (RLE

In ancther aspect, an anti-FoRHS antibody {e.g., FCRHS bispecific antibody) and/or
immenoconjugate for use as a medicament is provided. In Darther aspescts, an anti-FeRHS antibody
{e.g., FcRHS5 bispecific antibody} and/or immunoconjugste for use in a method of treatment is
provided. Inn certain embodiments, an anti-FcRHS antbody {e.z., FoRHS bispecific antibody) and/or
immunoconjugate for use in treating FeRMS (e g, FeRH5¢)-positive cancer is provided. In certain

embodiments, provided herein the anti-FeRES antibody {(including FeRHS bispecific antibody) andfor
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irnmumoconjugate for use v a method of reating an individua! having an FeRHS (e.g., FeRH5¢)-
positive cancer, the method comprising adnunistering to the individual an effective amount of the anti-
FORMS antibody snd/or immunoconjugate, In some smbodiments, the antd-FeRHS antibody binds an
isoform c-specific region of the extracellular domain of FeRHSe. In some embodiments, the anti-
FeRHS antibodies binds [g-liks domain 9 of FeRM3e. In one such embodiment, the methed further
comprises administering to the individual an effective amount of &t least one additional therapeutic
agent, €.g., as described halow,

In a further aspect, provided herein are uses of an anti-FeRHS antibody {e.g., FcRHS bispecific
antibody ) andfor imumumoeconjugats in the manufaciure or preparation of a medicament. In one
ernbodiment, the medicament is for treatment of FCRIES {e.g., FeRHSe)-positive cancer. In a further
embodiment, the medicament is for use in & method of treating FoRHS (e.g., FoRHS5c)}-positive cancer,
the method comprising administering to an individual having FeRHS (e, FeRHSch-positive cancer an
effective amount of the medicament. In one such embodiment, the method further comprises
admuinistering to the individusal an effective amount of at least one additonal therapeutic agent, e.g., as
described below. In some embodiments, the ant-FeRHS antibody binds an isofrm c-specific region of
the extracellular domain of FeRH3¢. In some ernbodiments, the anti-FeRHS antibodies binds Ig-like
domain 8 of FcRH3¢,

In 8 further aspect, provided herein are methods for treating FoRHS {e.g., FeRHS5c)-positive
cancer. In one embodiment, the method comprises administering to an individual having such FeRHS
{e.g., FeRH3c}-positive cancer an sffective amount of an anti-FeRHS sntibody {e.g., FeRHS bispecific
antibody} and/or immunoconjugate. In one such embodimment, the method further comprises
administering to the individusl an effective amount of at least one additional therapeutic agent, as
described below. . In some smbodiments, the anti-FoRHS antibody binds an isoform ¢-specific region
of the extracellular domain of FeRMSe. In some embodiments, the anti-FeRHS antibodies hinds Ig-like
domam 2 of FeREHSe,

An FeRH3-positive cancer according to any of the above embodiments may be, e.g., FcRHS-
posiitve B-cell proliferative disorder, FeRHS-positive plasma cell neoplasm, and/or FeRHS-positive
niltiple myeloma. In some embodiments, an FCRMS-positive cancer is detected by anti-FoRHS
invmunchistochemistry (THC) or in site hybridizadon (ISH). 1o soine embodiments, an FoRHS-positive
cancer is & cancer that expresses FoRHS according to g reverse-transcriptase PCR (RT-PCR) assay that
detects FeRHS mRNA. In some embodimenis, the RT-PCR is quantitative RT-PCR.

In somme embodiments of any of the above embodiments, the individual may be a hunan.

In & further aspect, provided herein are pharmaceutical formulations comprising any of the anti-
FeRHS antibodies and/or tomunoccmyugate provided herein, e.g., for use in any of the ghove
therapeutic methods. It one embodiment, s pharmacsutical formulation comprises any of the anti-
FeRHS aniibodiss {e.g., bispecific antibodies) and/or inununoconjugates provided hereinand a

pharmaceutically sceeptable carrier. In another embodiment, a pharmaceutical formulation comprises
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any of the anti-FcRHS antibodies (e g, bispecific antibodies) andfor immunoconjugates provided hersin
and at least one additional therapsutic agent, e.g., as described below.

Anubodies {e.g., bispecific antibadies) and/or immunoconjugates provided hereln can be used
gither alone or in corgbination with other agents in a therapy. Such combination therapies noted above
encompass combined administration {whers two or more therapeutic agents are included in the same or
separate formulations), and separate administration, in which case, administration of the antibody or
immunoconjugate provided hersin can occur prior toy, shmultanesusly, and/or following, administration
of the additional therapeutic agent and/or adjuvant. Antibodies snd/or Inpunoconjugates provided
herein can also be used in combinstion with radiation therapy.

An antibody (inghuding bispecific antibody} and/or npnunocomugale provided herein (and any
additional therapeutic agent) can be administersd by any suitable means, including parenteral,
ntrapulmonary, and miranasal, and, if destred for local treatment, intralesional administration.
Parenteral infusions include intramuscular, intravenous, intrasrterial, intraperitoneal, or subcutanesus
adrinistration. Dosing can be by any suitable route, e.g. by injections, such as intravenous or
subsutanesus irjections, depending in part on whether the administration is brief or chronic. Various
dosing schedules tncluding but not lmited to single or multiple administrations over various time-
poinis, bolus admindstration, and pulse infusion are contemplated herein,

Antibodies {e.g., bispecific antibodieg} and/or rormnoconjugates provided hereln would be
fornualated, dosed, and administered in a fashion consistent with good medical practice. Factors for
consideration in this context include the particular disorder being treated, the particular mammal being
treated, the clinical condition of the individual patient, the cause of the disorder, the site of delivery of
the agent, the method of adminisiration, the scheduling of administration, and sther factors known to
medical practitioners, The antibody {e.g., bispecifis antibodies) and/or imsnunoconjugate need not be,
but is optionally formulated with one or more agents cuwrrently used to prevent or treat the disorder in
guestion. The effective amount of such other agenis depends on the amount of antibody or
inmunoceniugate present in the formusiation, the tvpe of disorder or treatment, and other factors
discussed above. These are generally used in the same dosages and with administration routes as
described hersin, or about from 1 to 99% of the dosages desoribed herein, or in any dosage and by any
routs that is emopirically/chinically determined to be appropriate.

For the prevention or treatment of disease, the appropriate dosage of an antibody {(e.g.,
bispecific antibedy) and/or imsmunoconiugate provided herein (when used alone or in combination with
one or more sther additional therapeutic agents) will depend on the tvpe of disease 10 be freated, the
type of antibody or immunoconjugate, the severity and course of the disease, whether the antibody
{e.g., bispecific antibody} and/or inununosonjugate is administered for preventive or therapeutic
purposes, previcus therapy, the patient’s clindcal history and responss to the antibody or
impnunoconjugate, and the discretion of the attending physician. The antibody {e.g., bispecific

antibody) and/or immunoconiugate are sutiably administered 1o the patient at one thme oy over a series
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of reatmentis. Depending on the typs and severity of the disease, about 1 pg'kg 1o 15 mglkgieg

& 1mgke-10myuke) of antibody or immunoconjugate can be an initial candidate dosage for
administration to the patient, whether, for example, by one or more separate administrations, or by
continuous infusion. One typleal daily dosags might range from sbout | pg/ks o 100 mg/ke or more,
depending on the factors mentioned sbove. For repeated administrations over several days or longer,
depending on the condition, the treatment would gensrally be sustaingd until 8 desired suppression of
discase symyrioms occurs, One exsmplary dosage of the antibody {e.g., bispecific anttbody) and/or
immunoconjugate would be in the range from sbout 0.05 mp/kg to about 10 mg/ke. Thus, one or more
doses of about .5 mgkg, 2.0 mg/kg, 4.0 mgkg or 10 mgke (or any combination thereot) may be
admnistered to the patient. Such doses may be administered intermitiently, 2.z, every week or every
thres weeks {e.g. such that the patient receives from about two to shbout twenty, or e.g. about six doses
of the amtibody}. An initia higher loading dose, followed by one or more lower doses may be
admanistered. However, other dosage regimens may be useful The progress of this therapy is easily
monitored by conventional techniques and assays.

Et is undersicod that any of the sbove formulations or therapeutic methods may be carried out
using both an immuneconjugate provided herein and an ant-FeRHS antibody. In some embodiments,
the anti-FeBHS antibody binds an isoform o-specific region of the extraceliular domain of FeRHS¢. In
some arnbodiments, the anti-FeRHS antibodies binds Ig-like domain 9 of FeRFS5e,

H. Articles of Manufaciure

In another aspect provided herein, an article of manufzenire containing raterials useful for the
treatment, prevention and/or diagnosis of the disorders described above is provided, The article of
manufzchire comprises & container and a label or package insert on or associated with the container.
Suitable containers include, for sxample, bottles, vials, syringes, TV sclution bags, etc. The containers
may be formed from a variety of materials such as glass or plastic. The container holds a compasition
which is by itself or combined with another conmposition effective for treating, preventing and/or
disgnosing the disorder and roay have a sterils aceess port {for example the container may be an
intravenous solution bag or a vial having a stopper plerceable by 8 hypodenmic injection needle). At
teast one active agent in the composition is an antibody or immunoconjugate provided herein. The label
or package insert indicates that the composition is used for ireating the condition of choive. Muoreover,
the article of manufacture may comprise {a) a first container with a compusition contained therein,
wherein the composition comprises an FeRHMS antibody {e.g., bispecific antibody) and/or FeRHS
imnunocoijugate provided herein; and (b} a second container with a composition contained therein,
wherein the composition comprises a further eytotosic or otherwise therapeutic agent. The article of
manufacture in this embodiment provided herein may further comprise 2 package insert indicating that
the compositions can be used to treat a particular condition. Alternatively, or additionally, the article of
manufacture may further comprise a second {or third} container comprising a pharmaceutically-

aucsptable butfer, such as bacteriostatic water for Wnjection (BWFI), phosphate-buffered saling, Ringer's
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solution or dextrose solution. It may further include other materials desirable from a commercial and
user standpoint, including other buffers, dijuents, filters, needles, and syringes. In some embodiments,
the anti-FeRHE antibody binds an isoform c-specific region of the extracstiular domain of FeRHS%¢c. In
some embodinends, the ant-FeRHS antibodies binds Ig-like domain 9 of FeRHS:.

L EXAMPLES

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

fmmumogen (Fi-flag)

Amine acids 745-830 of human FeRMSe (SEQ 1D NO: 1) were cloned inte manunalian
expression vector pRES NT Flag using standard protoeols and expressed transienily in CHO cells. The
recombinant protein with M-terminal Flag-expression tag was purified using anti-flag and size
exciusion chromatography on an 8200 Superdex columm,

Develppment and characterization of mouse anti-FeRHS Bl antibodies

Balbvc mice (Charles River, Hollister, CA) were inununized with 2 pg human FeRHS E11 BCD
protein {amine acid residues 743-830 of SEQ 1D NO:1) {Genentech, South San Francisco, CA) mixed
with MPLATDM (Ribi} adiuvant via footpad injection. Mice received nine doses, followed by 2
prefusion boost in PES alone via footpad and IV routes three days prior to fusion.

Popliteal lymph nodes were harvested and lymphooytes from these mice, all of whose sera
demonstrated strong binding titers to the immunization protein by ELISA and showed strong FACS
reactivity to SVT2 cells transfocted with the human FeRHS E1 ] BCD, were fused with X63-Ag8.653
mouse myeloma cells {American Typs Culture Collection, Rockville, MD) via slectrofusion {Harvard
Apparatus, Holliston, MA} Fused cells were incubated at 37°C, 7% CG,, overnight in Meadium C
{SternCell Technologies, Vancouver, BC, Canada), before resuspension in semi-solid Medium D
{BtemCell Technologies) containing 0.01 mg/m! FITT labeled anti-mouse 1g0 Jackson
ImmuncResearch, West Grove, PA) and plating into Crniwell trays {Thermo Fisher Scientific,
Rochester, NY}. Nine days after plating, flucrescent coloniss were selected and transferred intn 96-well
plates containing Medium E {StemCell Technologies) using a Clonepix FL {(Genetix, New Milton,
Hampshire, UK). Supernatants were screened by ELISA against anti-mouse IgG (MP Biomedicals,
Santz Ana, CA) seven days after picking,

Hybridomas demonsirating mouse [gG expression by ELISA were expanded and sereened by
FACS against 3VT2 cells overexpressing full-length human FeRHS, cvno FeRHS, and human FeRHS
E11 BCD. Strong FACS positive clones were subcloned by single-cell sorting using 3 FACS Aria (BD,
Franklin Lakes, NF}. Final clongs demonstrating the highest FLISA and FACS binding of intersst after
one or two rounds of subcloning were expanded for large-scale production in bioreactors (Integra
Biosciences, Chur, Switzerland}. Supematants were then purified by Protein A affinity chromatography

a5 praviously described (Hongo e of, 2000).
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Froduction of bisFabs

BisFabs were generated by crosslinking s Fab’ of the anti-FeRHS Mab 1o a Fab' of the anti-
C3 (UCHTT .v9) Mab at the hinge cysteine residues. To generats the Fab’ 2 fragments from the
ftybridoma Abs different digestion conditions were used: Abs of the migG1 isotype were digested with
150 dw/w) pepsin at pH 3.5 for 1.2 H at 37°C; mouse [gG2a Abs were digested with Lysin €
endopeptidase at T 1:5300 {w/w) ratio, pH &, for 2-4 hat 37°C; and mouse [gG2h Abs were digested
with Lysin C st a 11100 (w/w) ratio overnight at 37°C. In all cases the F(ab"), fragment was isolated
from the reaction mixture by capture with a SP colums and elution with 10 columm volumes of a lineal
gradient {0~100%) of 1M sodium chloride. Under the digestion conditions mentioned above migG1 and
migi2h produced g Fab™), fragment containing three Cysieine residuss in the hinge, while the Fab™i2
from mlig(G2a showed two cysieine residues in the hings. To generate Fab® with a single reactive Cys
wo different methods were used. For Sagments containing an odd (3) number of hinge cysteines
{migG1 and mig(i2b} the iaolated F{ab’¥s were reduced in 25 mM sodium acetate, pH 5, 150 mM
sodiurn chionide, 2 b EDTA, 2 mM TCEP for 2-6-H at RT. After the reduction step was complets,
the sample was diluted 0 0.2 mg/ml, the pH was raised to 7.5 by adding Tris pH § and 5 mM
dehiydroascorbic acid (DHAA) was added to drive re-oxidation of the cysteines. &fter an overnight
incubation at room temperature the presence of reduced Thiols was evaluated by probing with an excess
of MEM and analyzing the MW shift by mass spectrometry. After confirming the presence of only one
reactive Cysteine per molecule, the Fab’ was purifisd by gel filtration {0 remove small amounds of
horoodimers.

For Flab™)2 fragments derived from mig(Gla and containing 2 Cysieine residues in the hinge, a
single reactive Cysigine was produced by partial blocking with N-ethyl maleimide {NEM) as described
i Scheer e al (in press). Briefly, the antibody was digested with pepsin (1% w/iw) by treatment in
sodivm acstate butfer at pi 4.5, After digestion for | hour, the Fab’}; was isolated from the digestion
mixture by capture on an SP-HP cation sxchange resin and purified by a 10 CV salt gradient of (-1 M
MaCl The F{ab’}, was then reduced with 1 mM TCEP in a butfer containing 25 mun MES, pH 5.8, 2
mbd BDTA, and 300 mM NaCl and the Fabs were oxidized by the addition of 5 mM dehvdroacorbic
acid {3HAA) to reform the disulfids bond between the heavy chain and light chain,

The effector anm of the bisfabs (UCHTL . v8) was penerated by pepsin digestion, partial NEM
blocking and conjugation to bismaleimide as described before (Scheer ot al; in press). Briefly, the two
thiols {cys residues) at the hinge were then reacted with 1 equivalent of Nesthvlmaleimide (NEM)
{Sigma Aldrich}. The different anti-FCRES Fab's containing a single reactive Cysteine were incubated
with the anti-CD3 Fab’ conjugsted o the bismaleimide crosslinker overnight at room temperature. The
~100Kk s crosslinked Fabs were separated from the unreacted species by gel filtration and then

characterized by SDS-PAGE, mass spectrometry and analytical size exclusion chromatography.
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TDR expression and purification

TDBs were produced by two different approaches: co-culiure of bacteria expressing sach of the
rwi antibody arms or by expressing each arm ssoarately and then anneling them in vitro, The sirategies
have been deseribed in Chrisioph Spisss et al. 2012 and described in PCTAIS10/58938 filed on 31 May
2011, which is incorporated by reference. Breifly for the cosulture strategy £, coli expressing anti-CDi3
{hole) and Ecnli expressing anti-tumer targst {kook) were grown togsther in shaker flasks at
predetermined ratio such that it produced similar amounts o feach hemimer. The cocultured bacterial
broth was then harvested, the eslls disrupted in a microfluidizer and the antibodies purified by Protein
A affinity. It bas been observed that during microfluidizing and protein A capture the two arms
annealed and formed the hing inter-chain disulfide bridges (Christoph Spiess et al. 2012). Alematively,
the antibody hemumers were grown separately by high-cell density fermentation and independently
isolated by Protein A chromatography. The puritied hemimers were than combined ai a 1:1 mwolar ration
and inchubated in 50 M Tris, pH 8.5 in the pressnce of 2 mM DTT for 4 hours to allow annealing and
the reduction of disuifides in the hing region. Dialysis against the same buffer without DTT for 24-48
hours resuited in the formation of the inter-chain disulfide bonds, For both production sirategies the
bispecific antibody was purified fromn contaminants by hydrophobis interaction chromatography (HIC)
as described in Christoph Spiess st al. 2012, The resulting material was anslyzed for endotoxin levels
using an Endosafe protable etest system and when needed, the endotoxin content was reduced by
washing the protein with §.1%6 Triton X-114.

TDE characterization

The molecular weight of the bispecific antibody was analyzed by mass spectrometry {10~
BESVTCE} as described before (Jackman et al. 2010}, The antibodies wers also analyzed by analytical
size exclusion chromatography in Zenix SEC-300 columm {Sepax Technologies USA) using an Agilent
E:100 HPLC system. The presence of residual antibody fragments was guantified by electrophoresis
using a 2100 Bicanalyzer and 2 Protein 230 Chip,

Blood cell fractionation

PBMCs were separated from the blood of heslthy volunteers using bymphocyie separation
medivm {MP biomedicals, Solon, OH), CD&+ cells were extracted from PBMC using human CDE+
Isolation Kit from Mibenyi (#130-0894-156) by negative selection.

i vitro cytoioxicity assays {T ceff killing)

For in vitro cyiotoxicity assays 1x30° target cells were plated on 96 well plates and ineubated
overnight. 3x10° CDYB4 T-cells were added with or without TDB or BisFab and incubated 48 hours in
+37°C. T cells were removed by washing twice with growth media. Cell viability was measured using
CellTiter-Glo® Luminescent Cell Viability Assay {Promega, Madison, W1

Alternatively, in vitro cytoloxicly was monitored by flow cviometry. Target cells were labeled
with carboxyflucrescein succinimidy! ester (CFSE) sccording 1o manufacturer’s protocol {(uvitrogen,

#(034554}), The CFSE -lebeled target cells and purified CDE+ T cells from human PEMC were mixed in
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3.1 BT ratio and incubated with TEB or BisFab for 48 hours. At the end of the incubation, the cells
were lifted by trypsin and collected from the plate. The cells were resuspended in egual volume of PBS
+ 2% FBS + 1 M EDTA + propidivm loding (PT). Flow cytometry analysis was done on a
FACSCalibur in automation format. The number of Hive target cells was counted by gating on
CFSE+/PI negative cells. The percentage of cyiotoxicity was salculated as follows: % oytoioxicily (live
target call numiber w/n TIHE — live target cell nomber w/TDR) / (live target cell mumber w/io TDE) x
1040,
Analysis of T cell activation

Target cells and purified CDE+ T cells were taixed in the presence or absence of TDB and T
cell activation was analyzed by flow cytometey. At the end of the incubation, cells were stained with
CDE-FITC (BD Biosclences, 585634} and CD6G-PE (BIY Biosciences, 55531}

Binding of subclone supernatants, monoclonal antibodies, bisFabs and TDBs

To test binding to endogencusly FeRHS expressing cancer cells or FoRHS transfected cancer
eells, cells were lifted using EDTAPRBS. 1x18° cells were suspended in 100 ul and incubated h with
primary antibodies {1 volume of non-Ig(s quantitated subclone supernatant, 4 ug/mi IgG guantified
subclone supernatant or 2ug/ul purified monoclonal antibodies), Cells were washed twice with FACS
buffer (PBS 190B5A 2oM EDTA) and incubated with 1:1000 dilution of goat anti-rouse secondary
labeled with PE or 1:100 of goat anti-mouse APC. Celis were washed twice with FACS buffer and
Flow cylomstry analysis was dons on a FACSCalibur. Direct Xenon-labeling of sntibodies was dons
according to manufacturer’s protocol (Invirogen), when indicated. To analyze binding to N or B
cells, 1 million human PBMC were incubated with 4 ug/od 10 quantified subclone supernatants for 60
min, washed and incubated with 11100 dijution of goat anti-mouse secondary labeled with APC. Cells
were then washed again twics and stained using anti-CD56 (PE; B3 Biosciencss #555516) and antd-
CT9 (PE: BD Biosciences #340364) pricr flow cytometry and analysis of binding to human CD36+
and CDE8+ cells,
Regults

initially to produce isoform specific antibodies for the membrane proximal Ig-domain, mice
were imomunized with recombinant baculovirus produced E1 1 protein {amino acids 745-848 of SEQ ID
MOy of humaen FeRHSe and Coterminal His-cxprossion tag). This inwnunization strategy did not result
to significant immune response o FoRES and failed o produce monoclonal anti-FeRHS antdbodies.
The second inununization strategy was DNA-immunization with plasmid encoding amine acids 745-
877 of FeRHS¢ (SEQ D N1} encoding membrane proximal Ig-domain, transmembrane domain and
intraceliclar domains of human FeRHSE, This imemunization strategy did not result to significant
imumune response o FeRHS and failed o produse monoeclonal anti-FeRHS antibodies, The third
immunization strategy utilized peptides corresponding 1o membrane proximal Ig-domain of FeRHS,

that were homologous to cyno FeRHS and non-homologous to human FeRH, FeRH2, FeRH3, and
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FeRH4. This inununization strategy did not result to significant mimune response to FoRHS and failed
to produce monocional anti-FeRH3S antibodies.

For the fourth tomunization strategy E11 protein was produced in CHO-cells consisting of the
mermbrane proximal Ig-domain of human FoRHS (amino acid residues T45-850 of SEQ D NO: 1) with
N-terminal Flag expression tag. The above recombinant protein was used to immunize mice,
Immunization, development and characterization of mouse anti-FeRIS Bl antibodies was performed
as described in defail above.

After & doses of the recombinant E11 {amino acid residues 745-850 of SEQ D NOG:1), serum
was analyzed for FeRHS binding antibodies using FACS. Significant resctivity was detected 1o SVT2
cells that express human full length FeRHS, syno full length FeRHS, or the human Bl domain
transmembrane domain and eytoplasmic domaing but not vector transfected VT2 cells indicating that
FoRHS reactive antibodies were present in the sera of all § immunized mice.

After @ doses, lymphocyies from the lnununized mice were clectrofused with X63-AgR.653
mause myeloma ceils. 323 1gG positive hybridoma subciones were selected for further sersening,
Clones were tested for binding to recombinant E11 protein (amino scid residuss 745-850 of SEQ 1D
MO by ELISA (not shown) and binding to VT2 cells that express human full lengih FeRHS, cvno
full length FeRHS or lnuman Bl domain transmenbrane domain and eytoplasmic domaing of FeRHS
by FACS. ‘A total of 16 clones were identified that bound to cells that express human FeRHS and cells
that express cyno FeRHS, indicative of cross-species reactivity {Table 23, Subclone supernatanis werg
further characterized for binding to A mudtiple myeloma cells transfected with human FeRHS, B) cells
that exprass human FeRHS endogenously (MOLP-2 myeloma cells, peripheral human CD19+ B-cells
from healthy donors), C) SV'TZ cells transfected to express human FeRH, FeRH2, FeRH3 or FeRHY,
1) 283 cells that express truncated version of buman FeRHS (lacking 4 Ig-domains including E11;
arnino acids 464-830 of SEQ ID NG} and B NR-cells. In addition, binding of supernatants to sohuble

FoRH35a was analyzed by BELISA. Based on these analysis monoclonal antibodies were selected for

purification.

Table 2.

Sample | SYT2-huFoeRHS | SVT2-cyFeRHS | 5YT2-huEll
188 e +4 -
418 b et ++
11T | A+ +
408 ++ + +
4134 + t +
18 At - +
ACI0 | b ot o
3A4 i -t ot
380 b b +
3G3 ++ + At
i1F4 o + +
IF10 ++ + bt
1G7 ot i s
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3Bi2 A + bt
337 . ++ +
3A10 it ++ S
IS A + +
iz 4o
SH4 ++ ++ +
SHY s 4 A
3C8 epe A +
D10 + + ke
SBIZ i+ + et
iH2 + + +
SF ++ E Sas
AHT e - i

Figure 2 shows the dose-range of binding of five purified E11 antbodies, non-isoform selective
anti-FeRHS antibody 10AR (which binds Ig-like domains 4-5 of FeRH3¢) and a control antibody
specific to the N-terminal glh-tag to the 8V'T2 cells expressing either human FeRHS (Figure 2A) or
cyne FoRHS (Figure 2B). Antibodiss in this assay were divectly labeled with APC-fluorophors
aceording to manufacturer’s protocol {Invitrogen #225031, 223151, 225251). Binding of representative
El1 antibody SAL0 to buman FeRHS transfected EIM (Figure 3A) and OPM2 (Figure 38) multiple
mysioma cell lines was found to be similar or better compared previously described non-isofrm
selective FeRHS antibodies 10AS and 701 {{both bind Ig-like domains 4-5 of FeRHS¢) (Elking ef af,
2012; Polson et af,, 2006}, MOLP-2 cells are one of the very few known multiple myeloma cell lines
that express low levels of FeRHS endogencusty, SATO, 8F1, 3G7 and 6032 subclone supernatants
stained MOLP-2 cells with intensity similar to 7D 1 (Figures 3C-Fu

Two separale tesis were designed o address dependency of binding oo the presence of
membrane proxioal lg-domain 9 {E11). First a trancated hurman FeRHS¢ mutant was generated that
lacks Ig-domains 6-9 (amine acids 464-850 of SEQ 1D NO:1) including the expected binding site for
the antibodies dertved from EH immumization. This constract with N-terminal gd-tag was expressed in
293 cells and subjected to 2.5 ug/ml subclone supernatants followed by PE labseled goat anti-mouse
secondary antibody (11000 dilution). None of the tested subclones bound to 293 ¢ells that express the
truncated human FeRH3e (Figure 4A). In contrast binding was detecied to 293 celis that express wild
type human FeRES5c. Binding of g3 or non-isoform selective antibody clone {10A8) was not altered by
the pwtation. This result demonstrates that binding site of the E11 antibodies was inchuded in Ig-
domaing 6-9.

Isoform selectivity was further demonstrated by testing binding to the soluble FeRH3a isoform.
For this, 293 cells were transfected to express the soluble isoform with C-lerminal HIS-expression tag.
Expression of FeRH3a protein was confimed with Western blot analysis using anti-HIS antibody, A 65

k¥ band was detected in conditioned media from FeRHS5a but not vector transfected cells {not shown),
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For the ELISA, plates were coated with anti-HIS capture antibody and incubated 1hour with 1:10
dituted conditioned media including the Hi%-agged soluble FeRHSa isoform. The B11 monocional
antthodies were used for detection in 1 -~ 0.001 ug/mi concentration, incubated for | hour followed by
incubation with goat snti-mouse HRP antibody and finally with TMB-substrate. While clones 2H7 and
5410 demonstrate considerable reactivity 1o soluble FeRH 34, the other tested monocional antibodies do
not show any detectable binding (Figure SA}. This result confirme that the Ig-domain ¢ {(E11)is
required for binding of the antbodies 1G7, 344, 38172, 3(G7 and 5F1, and therefire these antibodies are
selective for full the length FoRHS isoform (FcRHS:),

FeRHS is expressed endogenously in B-cells (Hatzivassitiou e2 o, 2001; Polson ef al., 20063,
To evaluate binding of subclone supernatants to B-cells, PEMUCs were sxutracted from the blood of
healthy donors. 1 million humpan PBMC were incubated with 4 ug/ml subclone supernatants for 60 min,
washed and incubated with 1:100 dilution of goat anti-roouse secondary labeled with APC. Cells were
then washed again {wice and stained PE-labeled anti-CD1 9 (BT Biosciences #340364) prior flow
cytometry and analysis of binding to CDI9+ cells. Most of the supernatants induced a significant shift
in the APC signal in CIDM 9+ cells (Figure 5B) over the contrals (no primary antibody, anti-gD)
indicative of binding to B cells.

Fe recepior homolog {FeRH) family molecules have g high degree of homology 1o one another
{Miller e¢ 0l , 2002}, The homelogy is especially high between the membrane proximal domains, which
the E1 1 antibodies target (Miller ef af |, 2002}, To investigate the cross reactivity to family members,
FeRHI, FeBHM2Z, FeRH3 and FeRH4 (2l 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 FeRI was confirmed by a signal from anti-gD) antibody in all
cell lines. Mone of the supemalants bound significantly to FeRHZ expressing celis as compared to
staining with the gb) antibody (Figure 68). 1B3, 1H11, 3C14, 408 and 6D2 demonstrated a low level of
binding to FoRH1 (Figure 64) and 154 bound to FoRH4 (Figurs 803}, Overall, the signals from FoRE3-
expressing 3YT2 cells were low, including the gD control antibody, indicative of low expression level,
Low level of binding to FeRE3-expressing SVT2 cells was detected for 174 and 4HR supernatanis
{Figure 6C).

Since the overall signal in the FeRH3-exprassing SVT2 cells was low, further testing was done
using FBMCs from healthy donors. PBMCs were stained as described above, but instead of CD19,
CD56 (BD Biosciences #553516) was used to gate the investigated cell population to NK cells, NK-
cells express endogenously FeRH3 (Polson ef af, 2006), and as expecied, were stained by a previously
described monocional anti-FeRH3 antibedy {Polson 2f of, 2006}, FeRHE1 expression was also detected
in CD56+ cells, but none of the Bl subclone supematants significantly stained the NK cells (Figure 7)
dernonatrating lack of cross reactivity to endogenously expressed FeRF3.

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

above in $YTZ cells but using fresh reagents and re-transfecting $VI72 cells with FeRH1, FeRHZ,
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FeRH3, and FeRH4, Re-testing the purified antibodies ss deseribed ahove resulied in significantly
different results than the first series of experiments, These updaied results are swmmarnized in Table 4,
Rather than showing little to no cross-reactivity with other FeRH family members, all but one antibody
{147} showed significant binding to both FeRHS and st least one or more other family members.
Without being bound by theory, this amount of antibody cross-reactivity is what would be expecied,
given the sequence similanity of the last Ig-like domain in the various FeBH family members,

CD8+ T cells are among the most potent imunune eftector cels, The astivity of T cells can be
recruited to kill tamor ceils by using bispecific antibodies (or antibody fragments) that sitmiltaneousty
bind both T cell and a wumor antigen. The dual binding can lead o a polyclonal activation of T cells and
specific killing of nimor antigen expressing cells (Lin ef gl 1985; Shalaby ef gl 1992}, Several tumor
targets and several bispecific antibody platforms have demounstrated general flexibility and preclinical
feasthility for this approach. Importantly, promising clinical activity has been demonsirated with a
D19 targeting, T cell activating hispecific seFv antibody fragment blinatumomab (MT103;
MicroMet), Treatment with doses as low as 60 ug/m’/day results in profonged responses in clinical
trials for treatment of relapsed non-Heodgkin's lymphora and acuie lymphoblastic leukemia {Bargou e
al., 3008, Dreler et af,, 2002)

The ability of the FcRIS antibodies to activate T cell and mediate killing in bispecific antibody
tormat was investigated by generating bispecific bisFab molecules. In short, these bispecific molecules
are generated by proteolyiical cleavage of the antibody, followed by reduction, re-oxidation reactions
and conjugation of Fab-fragments using bis-maleamide {Scheer of o/, 2012b and as described abovel,
Amti-C33 antibody clonie UCHT! binds to lnunan CD3 that incorporates to T cell receptor, UCHTL v
has previously been shown o be efficient T cell binding arm (Junttila ef of, 2012 and as described
above; Zhu er of , 1998) and therefore was used o the FcRHS bisFabs. Nine anti-FeRHS antibody
ciongs {1G7, 2H7, 3G7, 3A10, 5F1, 6032, 3B12, 3C10, 3F10) from the Bl 1 immunization were chosan
for the target arm and conjugated with UCHTT v8 1o resolt tn CD3-FeRHS bispecific bisFab molecules.

in addition to bisFab molecules, also full length bispecific antihodies {1 cell dependent
bispecific antibodiss; TDBs} were produced using knobs-into-holes technology (Merchant e af,, 19983,
which relies on a pair of complementary engineered Fo regions that drive heterodimerization of
gntibody hemimers. As in the case of bisFabs, the UCHT1.v9 {(Zhu e af., 1995) was used as the anti-
D3 (hole). For the target arm (knob), antibody clones from the FeRHS Ei L-immunization, a non-
isoform selective anti-FeRHS clone (1048) (Elkins er af, 2012) or apti-HERZ clone 4D5 (rastuzumab)
{Carter et af, 19923} were used. Generation and purification of the TDBs has been described in detail
{lunttila e af., 2012; Scheer ef ¢f, 20123 and as described abovel

The ability of the bispecifie molecules to mediate killing of FoRHS transfecied 293 target cells
was nvestigaied by incubating the targets with CD8+ T cells {effecior cells) for 48 hours and
roeasuring the killing activity using Cell Titer Glo assay or FACS killing assay {assays described

above}. All nine bisFabs that incorporated an anti-FeRMS E11 target arm were efficient in mediating
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target cell kitling {(FIG. 8A-B). Killing activity was detected as low as 1-10 ng/ml concentrations and
saturated at 10-100 ng/md concentration. Maximal killing activity exceeded 80% for most of the clones.
The killing activity was similar compared to the HER2-TDB (FIG. 84-B). Human HER2 is expressed
i the 293 cells on low level (data not showny), In contrast, killing activity far exceeded the non-isoform
selective FeRHI-TDEB (10AR), which was capable in killing only approsimaisty 20% of the targsts
(FIG. BA-B). Similar robust activity was detected using a full length TDB format incorporating 2H7,
3G7 and 3AY0 FoRHS5-E1Y clones as target arms (FIG. 8C-13). No significant difference was detected
between TDB and bisFab versions of 2H7 and 3G7 indicating that Fo is neither necessary for the
activity nor inhibitory for the killing activity. FoRHS bisFabs and full length TDBs incorporating 2H7
and 3G7 as target arm wers also able to efficiently mediate killing of MIOLP2 cells, which express
endogenoushy low levels of FeRES (FIG. 9A). T cell activation was followed in the reactions
measuring the proportion of UDE&+ cells that express CD68 on the cell membrane. T cell activation
corresponded the killing sctivity and was similar for both hisFabs and TDBs {FIG. 9B). A summary of

the results are shown in Table 3.
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Variable Light Chain Domain
1081

DIVMTQSQRFMSTSLGDRVSVTCKASONVITNYAWYQOKPGOSPKALIVSASYRYSGVPDRFTGSGSGTOFTLTISN
VOSEDLAEYFCOOQYTNYPMWTFGGGTRLEIKRTVA {SEQ 1D NO:110)

iG7.2

DIVMTOSHIMSTSVG DRVSITCKASODVINIVYWFQUOKPGOSPNLLIVSASYRY TGV PDRFTGSGRGTOFTFTISSY
CAEDLAVYYCOOHYSSPYTFGGOTHLEIKRTVAA {(SEQ 1D NO:113)

2H7.3

EWVLTOSPATLAVTPGLSVSLECRASONIRNNLHWYQOKSHESPRLLIKFTSOSISGIPSRFTGSGSGTDFTLSINSVETE
DFGMYFCQOQSNNWPQYTFGGGTELEIKRTVAA {SEQ 1D NO:114}

3A4.2

DIOMTQSPATLSVTPGDEVILACRASGSISNNLHWYOOKSHES PRUDIKFASGSISGIPSRFSGSGSGTDFTLIINSVETE
DFGMYFCOOSNNWPQYTFCGGTRLELKRTVAA {SEQ 1D NOU116)

3B812.11

DHAMTOSPASLSASY GETVTITCRASENIYSNLAWYQLKQGKSPOLLVYGAANLAEGVPSRISGSGSG TR YSLKINSLO
SERFGTYYCOHPWGIPWTFGOGGTHLEIKRTVAA {SEQ D NO: 118}

310

DIOMTOTPLALPVTLGDOASISCRSSOSLVHRNGNTYLHWYLOKPGOSPKLLIYRYSNRFSGVPDRFSGSGSETDFTL
KISRVEAEDLOVYFCSOQSTHYPPTFGGOTRLELKRTVAA (SEQ D NO:120)

3F10
HVMTOSPASLSASVGETVTITCRASENIYSNLAWYQLKQGISPOLLVYGAANLAEGVPIRISGSGSGTQYSLKINSLG
SEDFGTYYCOHPWGIPWTFGGGTRLEIKRTVAA (3EQ 1D ND:123)

3G3
DIVMTOSPASLSASVGETYTITCRASENIYINLAWYQLKQGKS POLLVYGAANLAEGVPSRISGSGSGTQYSLKINSLG
SEDFGTYYCOHFWGIPWTFGGGTRKLEIKRTVAA {SEQ 1D NO:124)

3G7.1.5
DIVLIQSPATLSVTLGGSVSLSCRASOSISNNLHWYQQKSHES PRLLIKFASOSISGIPSRFRGSGSGTDFTLTINSVETED
FGIVFCOOSNNWPQYTFGGETHLELKRTVAA (SEQ 1D NO:126)

5A310.1.3

DIVETOSPANLSVIPGDEVSLECRASONIRNNLHWY QO KSQESPRULIKFASOSMSGTPSRFTGEGSGTOFTLTINTVE
TEDFGMYFCQOSNNWPOYTFGGGTKLEIKRTVAA (SEQUID NO:128)

5F1.1.5
CAVVTOERALTTSPGETVTLTCRASTGTVTTSNFARWVYOEKPDHLFTGUIGGTSNRAPGVPARFSGSLIGDKAALTIT
GAQTEDEAIFOVIWCOSNLUWVIGGGTILTVEGOPEAA (SEQU D NO:130)

602
DIVMTOSHKEMSTSVGDRVSITCKASQDVETAVAWYQQKPGOSPKLLIPWPSTRHTGVYPDRFTGSGSGTRFTLTIG
NYQSEDLADYFCQOFSSLPHTFGOGTKLEIKRTVAA {(SEG 1D ND:133)

167

DIVIMTOSHKIMSTSVGDRVSITCRASGDVENIVVWEQOKPGOSPNLLIYSASYRYTGYPDRFTGSGSGTDFTFTISSV
QAEDAVYYCQOHYSSPYTRGGGTKLEK SEQ D NO:134)
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Variable Heavy Chaln Domain

iCsl

EVOLOQSGRELVKPGASMKISCEASGYSFTAYIMNWYKOSAGKNLEWIGLINPY NGETTYNOKFKGKATLTVD(SSS
TAYMELLSLTSEDSAVYFCARGLYWFPYWGQGTLVTVSAASTKGPSVEPLAP {SEQ 1D NO:111)

1G7.4
EVOLQESGPGLYOPSOSLMTCTVIGRSLTRFGYHWYROSPGRKGLEWLGVIWRGGSTOYNAAFMSRLTITKDNSKS
OVFFKUNSLEVDDTAIVYCSNHYYGSSDYALDNWGQGTSVTVSSASTHGPSVIPLAP {SEGQ 1D NO:113)

IH73
EVQLOOSGPELWKPGASVEMASCKASGYTFTDYYMKWYKOTHOKSLEWIGDINPNNGETFYSOKFKGRATLTVDKS
STTAYMOLNSLTSEDSAVYYCARGLYRFDYWGQGTTLIVESASTKGPSVERLAP {SEQ ID NOI115)

3A4.32

EVOLOQOSGPELVRSGASVIEMSCKASGYTFTDYYMEKWVKOSHGRSLEWIGDINPYNGETFYNORKLKGKATLTVDKSS
NTVFMOLNSLTSEDSAVYYCARGLYFFAYWGQGTTLTVSSASTKGPSVIPLAP {SEQ 1D NO:11T)

3B12.1.1

EVOLOQSGPELVKPGASVIISCKTSGYTFTEY TIHWVKOSHOKSLERIGGINPNNDAYSYNORFRGEATLTVIIKSESST
AYMELRSLTSEDRSAVYVCAKLGRGYYFDYWGQGTTLTVSSASTKGPSVEPLAP {SEQ ID NOL1Y)

3C10
QVOLOOPGAELVRPGASVKLACKTSGYTHISYWINWYKORPGQGLEWIGNIVPSDSYTNYNQKFKDRATLTVITSSS
TAYMOLTSPTSEDSAVYYCTRSLYGYDASYFDYWGOGTTLTVISASTKGRSVIPLAPR (SEQID NO:121)

3FIG

OVOLOOSGPELVIPGASVIISCRTSGYTRTEVTIHWVKOSHGKSLERIGGINPNNDAISYNOKFRGKATLTVDKESSTA
YIELRSLTSEDSAVYYCAKLGRGYYFRYWGRGTTLTVSSASTRGPSYIPLAP (SEQ 1D NO:123)

3G3

EVOLQUSGPELVKPGASVKISCKTSGYTFTEYTIHWVKGSHGKSLERIGGINPNNDAISYNGKFRGKATLTVDKSSSTA
YMELRSLTSEDSAVYYCAKLGRGYYVFDYVWGRGTTLTVESASTKGPSVIPLAP {SEQ 1D NO:125}

3G7.1.5

EVOLOOSGPELVKPGASVEMSCKASGYTRTDYYMKWVRONHGKRLEWIGDINPYNGE TFYNOKFKDKATLTVDKS
SSTAYMOFNSLTSEDSAVYYCARGLYFFHYWGQGTTLTVSSASTEGRSVERPLAR (SEQUID NOH12T)

5A18.1.3
EVOLOGSGPELWKPGASYKMAIKASGYTFTDYYMEWVKOSHGISLEWIGDINPNNGETFY NQKFKGRATLIVDKS
TETAYMELNSLTTEDSAVYYCARGLYRFDYWGQGTTLTVESAASTKGPSVIPLAPR {SEQ 1D ND:129)

SFLLS
GVQLOOSGADLYRPGTEVKVSCKASGYAFTNYLIEWVKORPGOGLEWIGVINPGSGGOTNYNEKFKGKATLTADKSS
STAYMGLSSLTRDDSAVYFCARTRNYGYVIDYWGOGTTLTVSSASTKGPSVEPLAPR {SEQ 1D NOI31)

602

QVQLOQSGPELVEPGASVIISCKASGFSFTAYFRMNWVKQSHGKS PEWIGRINPYNGETFFNONFKBKATLTVDKSS
NTAHMELLSLTSDDSAVYYCGRGLYYLNYWGQGTTLTVISASTEGPSVEPLAP (SEC 1D NG:133)

167
QVOLKOSGPGLYOPSOSLAITCTYSGRSLTRFGVHWVROSPGKGLEWLEGVIWRGESTDYNAAFMSERLTITKDNSKS
QVFFKLNSLKVDDTANYCSNHYYGSSDYALDNWGRGISVTYSS (SEQUID ND:135)

11l
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FeRHSc

MLLWVILLVLAPYVSGOFARTPRPIFLOPPWTTVEQGERVTLTCKGFRFYSPOKTEWYHRYLG
KEILRETPDNILEVOQESGEYRCOAQGSPLISPVHLDFSSASLILOAPLSVEEGDSVVILRCRAKAE
YVTLNNTYENDNYLAFINERTDFHIPHACLKDNGAYROTGYRESCOPVESNTVRIQVOEPFTR
PVLRASSFOPISGNPVTLTCETOLSLERSDVPLRFRFFRUDOQTLGLGWSLEPNFQITAMWSKDS
GEY WCKAATMPYSVISDSPRSWIQVQIPASHPVLTLSPERALNFEGTRVTLHCETQEDSLRTL
YRFYHEGVPLRHKSVRCERGASISFSETTENSGNYYCTADNGLGAKPSKAVSLSVTVEVSHPY
ENLSSPEDLIFEGAKVTLHCEAQRGSLPILYQFHHECAALERRSANSAGGVAISFSLTAEHSGN
YYCTADNGEGPORSKAVILSVTVPVSHPVLTLSBAEALTFEGATVTLHCEVORGSPQILYQFY
HEDMPLWSSSTPSVGRVSFSFSLTEGHSGNYYCTADNGFGPORSEVVSLEVTVRVERPILTLRY
PRAQAVVGDLLELHCEAPRGSPPILYWEYHEDVTLGSSSAPSGGEASFNLSLTAEHSGNYSCE
ANNGLVACHSDTISLSVIVPVERPILTFRAPRAQAVVGDLLELHCEALRGSSPILYWEFYHEDVT
LOKISAPSOGOGASFNLSLTTEHSGIVSCEADNGLEAQRSEMYTLREVAVPVERPVLTLRAPGTH
AAVGDLLELHCEALRGSPLILYRFFHEDVTLGNRSSPSGGASLNLSLTABHSGNY SCEADNGL
GAQRSETVTLYITOLTANRSGPFATOVAGGLLSAGLAAGALLLYCWLSRKAGRKPASDIPARS
PEDSDECEPTYHNVPAWEELOPVY TNANPRGENVVY SEVRHGEKKKHAVASDPRHLRNKGS
PIIYSEVEVASTPVEGRLTLASSAPHR (SEQ ID NG:1)
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WHAT IS CLAIMED IS:

1. An isolated anti-FcRH5 antibody that binds an isoform c-specific region of the extracellular
domain of FcRHS5c¢ (amino acids 745-850 of SEQ ID NO:1), wherein the anti-FcRHS antibody does not
significantly bind another Ig-like domain of FcRHS.

2. The anti-FcRHS5 antibody of any one of claim 1, wherein the anti-FcRHS 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 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;

(b} 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 a light chain comprising an HVR-L1 comprising the amino acid
sequence of SEQ ID NO:3, an HVYR-L2 comprising the amino acid sequence of SEQ 1D NO:15, and an
HVR-L3 comprising the amino acid sequence of SEQ ID NO:27;

(¢) 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 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;

(d) 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 a light chain comprising an HVR-L.1 comprising the amino acid sequence of
SEQ ID NO:6, an HVR-L2 comprising the amino acid sequence of SEQ ID NQ:18, and an HVR-L3
comprising the amino acid sequence of SEQ ID NO:30;

(e) 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 aminc acid
sequence of SEQ ID NO:91, and 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 1D NO:31;

{f) 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 compriging the amino acid

sequence of SEQ ID NO:92, and a light chain comprising an HVR-L1 comprising the amino acid sequence of

116



SEQ ID NO:8, an HVR-L2 comprising the amino acid sequence of SEQ 1D NO:20, and an HVR-L3
comprising the amino acid sequence of SEQ ID NQ:32;

(g) a heavy chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NQO: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 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;

(h) a heavy chain comprising an HVR-H1 comprising the amino acid sequence of SEQ TD NO:46, an
HVR-H2 comprising the amino acid sequence of SEQ ID NQ:70, and an HVR-H3 comprising the amino acid
sequence of SEQ 1D NO:94, and 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;

(1) a heavy chain comprising an HVR-H1 comprising the amino acid sequence of SEQ ID NQ:48, an
HVR-H2 comprising the amino acid sequence of SEQ ID NO:72, and an HVR-H3 comprising the amino acid
sequence of SEQ ID NO:96, and 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; or

(j) 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 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 1D NO:37.

3. The anti-FcRHS5 antibody of claim 1 or 2, wherein the anti-FcRHS antibody comprises:

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

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

{c) a VH sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO:117 and a VL sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO:116;
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(d) a VH sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO:119 and a VL sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO:118;

(e) a VH sequence having at least 95% sequence identity to the amino acid sequence of SEQ IDr
NO:121 and a VL sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO:120,

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

(g} a VH sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO:125 and a VL sequence having at least 95% sequence identity to the amino acid sequence of SEQ ID
NO:124;

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

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

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

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

4, The anti-FcRHS antibody of any of claims 1-3, wherein the anti-FcRHS 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 SEQID NO:112;
(c) a VH sequence of SEQ ID NO:117 and a VL sequence of SEQ ID NO:116;
(d) a VH sequence of SEQ ID NO:119 and a VL sequence of SEQ ID NO:118;
(e) a VH sequence of SEQ ID NO:121 and a VL sequence of SEQ ID NO:120;
(f) a VH sequence of SEQ ID NO:123 and a VL sequence of SEQ I NO:122;
(g) a VH sequence of SEQ ID NO:125 and a VL sequence of SEQ 1D NO:124;
{h) a VH sequence of SEQ ID NO:127 and a VL sequence of SEQ ID NO:126;
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(1) a VH sequence of SEQ ID NO:131 and a VL sequence of SEQ ID NO:130;
(i) a VH sequence of SEQ ID NO:133 and a VL sequence of SEQ ID NO:132; or
(k) a VH sequence of SEQ ID NO:135 and a VL sequence of SEQ ID NO:134.

5. The anti-FcRHS5 antibody of any one of claims 1-4, wherein the anti-FcRHS antibody is a

monoclonal antibody.

6. The anti-FcRHS antibody of any one of claims 1-5, wherein the anti-FcRHS antibody is a human,

humanized, or chimeric antibody.

7. The anti-FcRIIS antibody of any one of claims 1-6, wherein the anti-FcRH5 antibody is an
antibody fragment that binds FCRHS.

8. The anti-FcRHS5 antibody of any one of claims 1-7, wherein the anti-FcRHS antibody is an IgG1,
Ig(G2a or IgG2b antibody.,

9. The anti-FcRHS5 antibody of any one of claims 1-8, wherein the anti-FcRHS5 antibody has one or
more of the following characteristics: a) cross reactive with. full length human and cyno FcRHS, b) does not
cross react with FeRH1, FcRH2, FcRH3, and/or FcRH4, ¢) binds to endogenous FcRHS5, and d) does not

cross react with FcRH5a.

10. The anti-FcRIS antibody of any one of claims 1-9, wherein the anti-FcRHS antibody is a
bispecific antibody.

11. The anti-FcRHS antibody of c¢laim 10, wherein bispecific anti-FcRHS antibody binds FcRH5 and
CD3.

12. The anti-FcRHS5 antibody of any one of ¢laims 1-11 conjugated to a label.

13. The anti-FcRHS antibody of claim 12, wherein the label is a positron emitter.

14. The anti-FcRHS antibody of claim 13, wherein the positron emitter is **Zr.

15. Isolated nucleic acid encoding the anti-FcRHS5 antibody of any one of claims 1-14.
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16. A host cell comprising the nucleic acid of claim 15.

17. A method of producing an anti-FcRHS antibody comprising culturing the host cell of claim 16 so
that the anti-FcRH3 antibody is produced.

18. An immunoconjugate comprising the anti-FcRHS antibody of any one of claims 1-14 and a

cytotoxic agent.

19. The immunoconjugate of claim 18 having the formula Ab-(L-D)p, wherein:
(a) Ab is the anti-FcRHS5 antibody of any one of claims 1 to 14;
{b) L is a linker;
(c) D is a drug selected from a maytansinoid, an auristatin, a calichcamicin, a
pyrrolobenzodiazepine, and a nemorubicin derivative; and
(d) p ranges from 1-8.

20. The immunoconjugate of claim 19, wherein D is an auristatin.

21. The immunoconjugate of claim 20, wherein D has formula Dg

R3 0 K | CH; :lag
s § N N
\N/K[r T/K‘A’r ~R18
R o R*R R RE 0O RE O Dy

and wherein R? and R® are each methyl, R* and R* are each isopropyl, R’ is H, R is sec-
butyl, each R® is independently selected from CH;, O-CH,, OH, and H; R’ is H; and R™® is —
C(R*),~C(R*),-aryl.

22, The immunoconjugate of claim 19, wherein the drug is MMAE.

23. The immunoconjugate of claim 19, wherein D is a pyrrolobenzodiazepine of Formula A:
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R19

wherein the dotted lines indicate the optional presence of a double bond between C1 and C2 or C2
and C3;

R? is independently selected from H, OH, =0, =CI1,, CN;, R, OR, =CH-R®, =C(R"),, 0-SO,-R, CO;R
and COR, and optionally further selected from halo or dihalo, wherein R°is independently selected
from R, CO,R, COR, CHO, CO,H, and halo;

R® and R® are independently selected from H, R, OH, OR, SH, SR, NH,, NHR, NRR’, NO,, Me:Sn
and halo;

R is independently selected from H, R, OH, OR, SH, SR, NH,, NHR, NRR’, NO,, Me;S$n and halo;
Q is independently selected from O, S and NH;

R'! is either H, or R or, where Qis O, SO3M, where M 1s a metal cation;

R and R’ are each independently selected from optionally substituted C_¢ alkyl, Cs.g heterocyclyl and
Cs.29 aryl groups, and optionally in relation to the group NRR’, R and R’ together with the nitrogen
atom to which they are attached form an optionally substituted 4-, 5-; 6~ or 7-membered heterocyclic
ring;

R R R" and R" are as defined for R?, R®, R® and R” respectively;

R" is a C;.); alkylene group, which chain may be interrupted by one or more heteroatoms and/or
aromatic rings that are optionally substituted; and

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

24, The immunoconjugate of ¢claim 23, wherein D has the structure:

S
\  OH
N
H
N
O A(ID);

whereinnis 0 or 1.

25. The immunoconjugate of claim 23, wherein D has a structure selected from:
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A(IID);

A(IV); and

A(V);

wherein R® and R¥ are each independently selected from H or R®, wherein RP is independently
selected from R, CO,R, COR, CHO, CO,H, and halo;

wherein Ar' and Ar® are each independently optionally substituted Cs. aryl; and

whereinnis 0 or 1.

26. The immunoconjugate of claim 19, wherein D is a pyrrolobenzodiazepine of Formula B:

e
\  OH
N
H
N/ /RVZ
O

wherein the horizontal wavy line indicates the covalent attachement site to the linker;
RY' and R"” are independently selected from H, methyl, ethyl, phenyl, flucro-substituted phenyl, and
Cs. heterocycelyl; and

nisQorl.
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27. The immunoconjugate of claim 19, wherein D is a nemorubicin derivative.

28. The immunoconjugate of claim 27, wherein D has a structure selected from:

29. The immunoconjugate of any one of claims 19-28, wherein the linker is cleavable by a protease.

30. The immunoconjugate of claim 29, wherein the linker comprises a val-cit dipeptide or a Phe-

homoLys dipeptide.

31. The immunoconjugate of any one of claims 19-28, wherein the linker is acid-labile.

32. The immunoconjugate of claim 31, wherein the linker comprises hydrazone,

33. The immunoconjugate of claim 31 having the formula:
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Ab#S . 9] H ©
o H OH
([ ° 0 /@” O)Li}lj:rrNr‘\Pf NO\‘/L’(NT/'\Q
) NMV&FCH:**H O O. 0O O\ 8]
O p

wherein S is a sulfur atom.

34, The immunoconjugate of claim 24 having a formula selected from:

r OYNHZ ]

NH
(o]
2 H H
s N/\/\/\H/N N N
Ab] B
\ o A" o
0

H,’ /N 0\/\/‘\/0 \ H
N o~ o N
0

~— P;and

. 0
s N/\/N o O O
A7 OH
0] ‘ N H
N
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35. The immunoconjugate of claim 28 having a formula selected from

~Ab
Ab

0
O
I'S N\/\/\/u\ NH
NH
0 0

J
0 o T/\/N
A

0

N

I OH
/7
OO
Q OH O OlMe
\L )
NH
N
&) NH;
Q st
OMe
—p
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36. The immunoconjugate of any one of claims 19-35, wherein p ranges from 2-5.

37. A pharmaceutical formulation comprising the anti-FcRHS antibody of any one of claims 1-14

and/or the immunoconjugate of any one of claims 18-36 and a pharmaceutically acceptable carrier.
38. The pharmaceutical formulation of claim 37, further comprising an additional therapeutic agent.
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39, Use of an effective amount of the anti-FcRHS5 antibody of any one of claims 1-14 and/or
immunoconjugate of any one of claims 18-36 in the manufacture of a medicament for treating an individual

having an FcRHS-positive cancer.

40. The use of claim 39, wherein the FCRHS5-positive cancer is a B-cell proliferative disorder.

41. The use of claim 39 or 40, wherein the medicament further comprises an additional therapeutic

agent.

42, Use of the anti-FcRHS antibody of any one of claims 1-14 and/or immunoconjugate of-any one of
claims 18-36 in the manufacture of a medicament for inhibiting proliferation of an FcRHS5-positive cell,
wherein the FeRHS5-positive cell is exposed to the anti-FcRHS5 antibody and/or immunoconjugate under
conditions permissive for binding of the anti-FcRHS5 antibedy and/or immunoconjugate to FcRHS on the

surface of the FcRH5-positive cell, thereby inhibiting proiiferation of the FcRHS5-positive cell.

43. The use of claim 42, wherein the FcRH5-positive cell is a B-cell.

44. A method of detecting human FcRHS5 in a biological sample comprising contacting the biological
sample with the anti-FcRHS antibody of any one of claims 1-14 under conditions permissive for binding of
the anti-FcRHS antibody to a naturally occurring human FcRHS, and detecting whether a complex is formed
between the anti-FcRHS5 antibody and a naturally occurring human FcRHS3 in the biological sample.

45. The method of claim 44, wherein the biological sample is a blood sample.

46. Use of a labeled anti-FcRHS antibody in the manufacture of a medicament for detecting an
FcRHS5-positive cancer in a subject having or suspected of having a FcRH5-positive cancer, wherein the
labeled anti-FcRHS antibody comprises the anti-FcRHS antibody of any one of claims 1-14, wherein

detection of the labeled anti-FcRH5 antibody indicates a FcRHS-positive cancer in the subject.

47. The use of claim 46, wherein the labeled anti-FcRHS antibody comprises an anti-FcRHS antibody

conjugated to a posilron emitter.

48, The use of claim 46 or 47, wherein the positron emitter is ®Zr.
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