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filed on 21 October 2010 5ANTI - HEPSI N ANTI BODI ES AND I\/ETHO\SVS) ElsfﬁltGr gz\:\/(l:zal Y
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benefit of U S. Provisional Application No. 61/253,953, filed COctober 22
2009, the contents of which is incorporated herein by reference. FIELD oF
THE | NVENTI ON 10The present invention relates generally to the field of

nol ecul ar bi ol ogy. Mre specifically, the invention concerns anti-hepsin
anti bodi es, and uses of same. BACKGROUND OF THE | NVENTI ON PATENEpsin is a
type Il transmenbrane serine protease (TTSP) exprBedetNoP4BeREWQ ace of
epithelial cells. The 417-amino acid proEleftnotieallydigsberetl @etoher9d0 t
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1123-1131). The physio nction o epsin is unclear. Despite its
E;(glreéﬁl on i ghi‘slgppl'metiqn obrain the bermfiest OF. Reptipiger) dmekiqaton Npr 6d{253953.1997) J

o 1 15. . . - SR , bl
devel opeﬂl’(ﬁéﬁ" ﬁ%lr I(‘)%f 28 %%E’tcogtt%%%g%ﬁ%‘?ﬁfﬁﬁéd&%‘d@e‘%ﬁ? WB&%@%@FEEO;EEP 8?0@3\0 et
al (1998) J din Invest 101(2) FIBRD-GRTHE INMIYHOMs found not to be
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heari ng speqifidatipdhe iBuintiporoncens aiti-hepsigamjbodies, anduehef sa'e1: 608- 616. However

hepsi n has been inplicated i ROUND 6F AR
VERIION (1997) Cancer Res
57(14), 2884-2887); W?2001/ ?% and prostate 25cancer,. Sev)eral ene
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(16), 4- % psin \'l'evels were found to be | ow in 30nornmal
pr ost at el @3d 1BBNThrpHyyipleisifanstion ofhepsia istepigAry Derpite ds S¥RIesSign B BEYHY e

carcl non?‘drly stages of embryogenesis (Vu et al (1997) J Biol Chem 272 (50), 31315-31320), hepsin-

deficient mice were viable and developed normally (Yu et al (2000) Thromb Haemost 84(5),

20  865-870; Wu et al (1998) J Clin Invest 101(2), 321-326). Hepsin was found not to be
essential for liver regeneration and for coagulation-related physiological functions (/d.). A
recent study demonstrated that hepsin knock-out mice are hearing impaired. Guipponi et al.
(2007) Am J Pathol 171:608-616. However, hepsin has been implicated in ovarian
[(Tanimoto et al (1997) Cancer Res 57(14), 2884-2887); W0O2001/62271] and prostate

25  cancer. Several gene expression studies identified hepsin as one of the most highly induced
genes in prostate cancer (Dhanasekaran et al (2001) Nature 412, 822-826; Luo et al (2001)
Cancer Res 61(12), 4683-4688; Magee et al (2001) Cancer Res 61(15), 5692-5696; Stamey
et al (2001) J Urol 166(6), 2171-2177; Stephan et al (2004) J Urol 171(1), 187-191; Welsh et
al (20010) Cancer Res 61(16), 5974-5978). Hepsin RNA levels were found to be low in

30  normal prostate and benign hyperplasia, but strongly increased in prostate carcinoma,
particularly in advanced stages ((Dhanasekaran et al (2001) Nature 412, 822-826; Luo et al
(2001) Cancer Res 61(12), 4683-4688; Magee et al (2001) Cancer Res 61(15), 5692-5696;
Stamey et al (2001) J Urol 166(6), 2171-2177; Stephan et al (2004) J Urol 171(1), 187-191;
Welsh et al (20010) Cancer Res 61(16), 5974-5978). Hepsin protein staining with a

35  monoclonal anti-hepsin antibody showed that hepsin expression was highest at sites of bone



particularly in advanced stages ((Dhanasekaran et at (2001) Nature 412,
822-826; Luo et al (2001) Cancer Res 61(12), 4683-4688; Magee et al (2001)
Cancer Re®0@d(1106)1885692- 5696; Staney et at (2001) J UrolpCTABe@)/ 0557 1- 2177,
St ephan et al (2004) J Urol 171(1), 187-191; Wl sh eta! (20010) Cancer Res
61(16), 5974-5978). Hepsin protein staining with a 35nonocl onal anti-hepsin
anti body showed that hepsin expression was hi ghest at sites of bone WO
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(2008) ‘Jac ve Lwoq}l%m fm%ga-lé@S\Zﬁi)ch infd6&A YRR rdcBfort¥idna “@t(mawwamm been:
inplicated In Invasive tunbr growh and netastasis 11&; &ggy bl e that
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(Herter et o, 13, 3553‘7%2nﬁec§1§se%e HEORR) datBh4) ha%@mlﬁﬁm(aﬂe)i,m measi?) . However,

their rofé in tunorigehesis Is not known. 251t ? cl ear tag there
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20 HGF/Met axis in prostate cancer (Herter et al (2005) Biochem J 390 (Pt 1), 125-136;
Kirchhofer et al (2005) FEBS Lett 579(9), 1945-1950; W02006/014928). Hepsin was also
shown to cleave other substrates in-vitro, mainly coagulation-related proteins (Herter et al, id,
Kazama et al (1995) J Biol Chem 270(1), 66-72). However, their role in tumorigenesis is not
known.

25° It is clear that there continues to be a need for agents that have clinical attributes that
are optimal for development as therapeutic agents. The invention described herein meets this
need and provides other benefits.

" All references cited herein, including patent applications and publications, are
incorporated by reference in their entirety.

30 SUMMARY OF THE INVENTION

The invention is based in part on the identification of a variety of hepsin binding
agents (such as antibodies, and fragments thereof). Hepsin presents an important and
advantageous therapeutic target, and the invention provides compositions and methods based

on binding of the agents to hepsin. Hepsin binding agents of the invention, as described



are optimal for devel opnent as therapeutic agents. The invention described
herein nmeets this need and provi des other benefits. Al'l references

ci ted herwonpiiosceisadi ng patent applications and publ i caPCcons01@063591
incorporated by reference in their entirety. 30SUMVARY OF THE | NVENTI ON
The invention is based in part on the identification of a variety of hepsin
bi ndi ng agents (such as anti bodi es, and fragnents thereof). Hepsin presents
an inportant and advant ageous therapeutic target, and the invention

pr ovi desercnnposid¢ ingrestagnikrapettivoad dixgaestic agentsiferdisein tagetingepatiglogical t o hepsi n.

Hepsi n hi ndi ng age { i 120ty AP thd BSSkid li hwavs.
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serine pro‘fea e active site loop flexibili t%%’ facilitating anti body

r ecogni tseome pbtesshectbmrsitnwop flotibititefagitifatipganyy & feﬂ‘?ﬁ!l§‘,°“t°6f“F_d€H‘Fi fy .
anti-hepgig s@@&lw@?ﬁéeﬁmu&,ﬁﬁ‘ide%@%ﬁ-ﬂ%ﬁﬂ AiBS Ik bocKLRRSIh ieMiyhnatic ant i bodi es
that bound ?1epS| nin conplex wth a serine protease inhibitor that occupies
the 8 psokigt antibodiesiihetoondhdpsiodoearrisxvitipoieringerplsasHpiubiips fhat The

present |ANSRLLO® LW 885 ARGk ASA (IR BeRbbisthebepsi n. I n one aspect,

the inventio eatures an I1sol ated anti body that binds a heoggéw. I n one

aspect, the iThe@reséndinvpntiopipgeddes antibodeethadingie hemtpdn ANGAPTDAYy, wherein a
20monoval 60t | ?e[aﬁ're(s%ﬁqgag?e% AR tfPbimds MeptiRe antibody specifically binds
a DI

human hepsin w nding affinity of about 10 nM g)r better. In some
enbodi nent s, Inkee spedtibdipvansies proydad anisghtetrntitigheim 2HBLY, WG a bi ndi ng

affipjty | {)oﬁgg%rn? (M L7a RBERN of hE ahtiboddpecificdiBiids hedan ieptihevidarat ,
binding arfinity of a l

' |%andt0|ts receptor . can @e dg}tp rm'nldﬁsing any of

a vari et hinding awity of abapid Oendb prcesierd I perpempodigrents, (g pqt §Y g¥e ﬁﬁae{ titative
val ues. ﬁﬁﬁé’ﬁﬂ&aﬁﬁhk%’in With 2BRdAR 8RR biEoht 6 AN @r kdtieli Agis afefliestatilishédsinexpr essed
as Kd values and reflects intrinsic binding : , otv of
the art, binding affinity of a ligand to its receptor can bé determined using any of a variety o
assays, and expressed in terms of a variety of quantitative values. Accordingly, in one
25  embodiment, the binding affinity is expressed as Kd values and reflects intrinsic binding

affinity (e.g., with minimized avidity effects). Generally and preferably, binding affinity is

measured in vitro, whether in a cell-free or cell-associated setting. Any ofa number of assays

known in the art, including those described herein, can be used to obtain binding affinity

measurements, including, for example, Biacore, radioimmunoassay (RIA) and ELISA.
30 In another aspect, the invention provides anti-hepsin antibodies that bind a Kunitz

domain binding region of hepsin. In one aspect, the invention provides an isolated anti-

hepsin antibody that competes with a Kunitz domain for binding to hepsin. In one

embodiment, said Kunitz domain sequence is Kunitz domain 1 (KD1) of HAI-1 or HAI-1B.

In one embodiment, the Kunitz domain sequence is'a variant KD1 sequence having at least



affinity (e.g., with mnimzed avidity effects). Generally and preferably,
bi nding affinity is nmeasured in vitro, whether in a cell-free or
cel | -assowopavadsemsti ng. Any of a nunber of assays knowrcCirnustéie/ossspi
i ncl udi ng those described herein, can be used to obtain binding affinity
measur enents, including, for exanple, Biacore, radioi munoassay (R A) and
ELI SA. 30l n anot her aspect, the invention provides anti-hepsin antibodies
that bind a Kunitz domain binding region of hepsin. In one aspect, the
i nvent i aboup7ei Tes 8%, 96| WedSaTIvhOBYi 9% sdubisdjdentiartwithonjsktyess with a
Kuni tz qdqymien n PinEbie S8 tz domain
sequence 1S ﬂIrxl]l }Z{Rgé?r%aﬁelﬁga(@%%@&feq%ﬁ?eq%gaﬁ% nﬂﬁ en ortl}cejase bodi ment
t he Kunitgpe Kddinmiinhilstug tensie a¢tiyita. hmnleambOd(mnts@qUém@ dh!avmﬁglualecell%ast VO
2011/ 050188P L}% ﬁﬁgg 70% BdiR 00 ‘gﬁa/ﬂt }Qfg% KSme 97% 98%
99% Squg?’l%reb%;lr Iolt&'lg'(ltg%glﬁgl}ls f.o. Rlé)l_n)i&§§/ urrana i s etl "\ said
vari ant dsaqmeemend@at@s mtwteeaboutdﬁ%pad 891 cabafi 1504 Z}Pd§§%\!\ﬁbo(§t §pandkDl1 in
i nhi bi ti IR Rhe kaREdok4RS 81 HAEBLE Sequence
is one 09? o?ﬁ%(])cp%a/cgéq}é&cymeh(&%&”&éﬁrﬁs oﬁgglPlAl ~ 2 In Zor?e eFrt))o di n%r%? a vari ant
HAI - 2 Kuminez HB1-dowhdrein said seapense hassat Isest weraperaltioehility @savild rpo Gl-2dmout  75% and
8% ab 85% and 95% sequence identity wth the
correspgﬁ¥vﬁ§ﬂkﬁgqagzﬁ%naln(s) of wild type human HAl-2, wherein said
sequence has Irmenelaggest the dmsaticatirevidss ianti-hspsmantipgdies thap Binfihersm Gaiglytiahi bi t i ng
hepsjin agtivity. In one aspect, the invention provides anti-hepsin
anti bodi'es that bind hepsin catalytic 10site. In one aspect, the invention
provi des ant in orepsient, thetinvsnidinensoidesntirherginrapiaedies shat Bind dersin quiiides| subsi te.
In some QERQAIIRAL S, suﬂ@erﬁ%duhaﬁié &% abiithdic BRAIhBpshrs2amdoPE3 ssBsigubsite. In
one aspect, the invention provides anti-hepsin antibodies that bind
catal yticallyn N?a*échv&teem\/eh@psﬁfﬁv‘deﬁ@mm'h@ﬁé‘ aptipedies that RidicpfpldHeallyn provi des
anti - he gdies that are resistant to hepsin proteolysis. In some
enbodi ngﬁ%gvgaﬂkgantlbodles are exposed to hEBSIn for 24 hours under
condi% i ons pén eretaspast theapentioncprevidesgati-bepsHeansiporics bt predesistant to hepsip - e
aspect, [;rgtgolmsy qntsblﬁé"er{%&f{rhgﬁss tlf'é'%lllbomaep%e Rx g3t Rpsabfok Dahoud ifdenepsi n
present 1n a conplex conprising hepsin and a serine protease inhibitor that
bi nds th@nmepmmmsmnﬁ@beﬂilft‘éeavzgﬂq{hslﬁffé“m&dl nents, hepsin present in the

corrpl ex is i rfﬁgrﬁé %Béc?@ne 1h%n§9rg%o@imchqil-fi‘f@&‘itﬁantIBMes&EJt|bﬂﬁ hapsnt @aﬁﬁt innhi bi t or
is 3,4-dichloro-isocounarin n sone enb t he, seri.ne protease

i nhi bi t 0¥ caminttcomepsinmhepsinan @Ff‘d'"aﬁioﬁés%i&‘i"ﬁlt?fé'&‘EWE%thSEFPEQ‘SS‘eFH i s 57,
""herﬁﬁy R&BRk @mb&dlﬂnaﬁ&%baéﬁ#&&eml 1ﬁ‘tlﬁ@6m? R AGhactiVA1&d. iR Y& érbdpmens, des
|

anti-hepsin antibodies that bind speci calla/t :
the serine protease inhibitor is 3,4- dlchloro isocoumarin (DCI). In some embodiments, the
serine protease inhibitor binds hepsin catalytic amino acid residues Ser195 and His 57,
whereby hepsin is inactivated.

In one aspect, the invention provides anti-hepsin antibodies that bind specifically to

25  human hepsin and substantially inhibit in vivo and/or in vitro hepsin enzymatic activity. In
one embodiment, the enzymatic activity comprises cleavage of polypeptide substrate of
hepsin. In one embodiment, the polypeptide substrate of hepsin is one or more of pro-
macrophage stimulating protein (pro-MSP), pro-uPA, Factor VII and pro-HGF. Hepsin
activation of pro-MSP is described in co-pending, co-owned US provisional patent

30  application no. 61/253,990, filed October 22, 2009. In one embodiment, the enzymatic
activity comprises cleavage of a synthetic substrate of hepsin. In some embodiments, the
hepsin synthetic s.ubstrate is a substrate shown in Table 1.

In one aspect, the invention provides anti-hepsin antibodies, wherein the antibodies

substantially inhibit human and/or mouse hepsin catalytic activity. In some embodiments, a



25human hepsin and substantially inhibit in vivo and/or in vitro hepsin
enzymatic activity. In one embodi ment, the enzymatic activity conprises
cl eavage wo 2polospmpt i de substrate of hepsin. In one enbedirmseti/nsisel

pol ypepti de substrate of hepsin is one or nore of pro- macrophage
stinulating protein (pro-MSP), pro-uPA Factor VIl and pro-HG-. Hepsin
activation of pro-MSP is described in co-pending, co-owned US provisional
pat ent 30application no. 61/253,990, filed Cctober 22, 2009. In one
enmbodi mnmmvaﬂdmefoen pf/araantleheaet\ awbtoyiy mbrbm huyean *@P%‘&%@lﬁlwt"&%‘yﬁ‘h hBtic
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ant i bodi es su'b0 epsi n cl eava
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enbodi meh e serine protease inhibitor is %Iﬂ o7 L coumarin
RhBi Y of "Bf
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ant i bodyincgbated oxitbiepsin atidtthe Wép%Pfﬁteaﬁ’?d“‘t"l’i@rsE‘rsPﬁ‘é empeEsYE HHAT! In

some enb t .
ant i bodi g‘g"hgcecgb\ig%eﬁp“%t 295 ot Qéi%cggés fxrgﬁg?lﬁsgriﬁ cbl?mﬁfi% fd@eminindifig weh ect i ng
Kunitz domain. In some embodiments, the Kunitz domam 1S KDal

20 In one aspect, the invention provides anti-hepsin antibodies, wherein the antibodies
were generated by a method comprising selecting (identifying) antibodies that compete with a
Kunitz domain for hepsin binding. In some embodiments, the Kunitz domain is KDI.

In one aspect, the invention provides anti-hepsin antibodies that are not substantially
cleaved by hepsin. In some embodiments, the aﬁti-hepsin antibodies are substantiall

25  resistance to hepsin cleavage.

Generally, the anti-hepsin antibodies of the present invention are antagonist
antibodies.

In one aspect, the invention provides an anti-hepsin antibody comprising: at least one,
two, three, four, five, and/or six hypervariable region (HVR) sequences selected from the

30  group consisting of:

(a) HVR-L1 comprising sequence RASQSVSSAVA (SEQ ID NO:1),

(b) HVR-L2 comprising sequence SASSLYS (SEQ ID NO:2),

(c) HVR-L3 comprising sequence QQYYSSYYLLT (SEQ ID NO:3),

(d) HVR-H1 comprising sequence GFNFSYSYMH (SEQ ID NO:4),



Kunitz donein. In sone enbodiments, the Kunitz domain is KDI. 20In one
aspect, the invention provides anti-hepsin antibodies, wherein the

anti bodi esoweriesgmaer at ed by a nmethod conprising sel ect iPog/Uscelensisbyi ng)
anti bodi es that conpete with a Kunitz donain for hepsin binding. In sone
enbodi ments, the Kunitz domain is KD1. In one aspect, the invention
provides anti-hepsin antibodies that are not substantially cleaved by
hepsin. I n sone enbodi nents, the anti-hepsin antibodi es are substanti all
25r esi st ance(e) HVmeﬁzcmmiseawag@nce@aS{XSé{NﬁﬁTYWSaWQ@ﬁﬁ)ﬁ? NOshtaodi es of

the present | uentiolh g0 cg,spea'A%isms\b@%mmsmeD@s(@g@tm the

i nvention pr es an in anti body conprising: at |east one, two
three, fNu6). five, and/or six hypervariable region (HVR) sequences sel ect ed

fromthe 30g

(SEQ I D NO 15 "?b pegty %t"i_‘gg“"q’ ?‘{"gﬁ; ﬁ?@eﬁ%@'ﬁggﬁéﬁgs&% T %glﬁgs%svs(sgm
HVR- 153 cbaiprosprisied®dRrEe ¢ @@ﬂ@smwrce(wfi‘fﬁ«y@)@ﬁfeéﬁ » Y conpri sing
quuencg\%%%@( Wi gf]s%QnLPsA\@L@ Ygfa%@ klr’éi?c‘%&%@ﬁ 291

FI VI I Sl sequence A YYGST ADSVKG (SEQ I D and
( f ) WR-sb@ec@mvgs&gYsbﬁu%&Q@ NRSDSBHeeSVarieRry yyehrin v Pispeyi) B\’ko In

?ng aspqgf Con¥p¢§mh Qeq%gﬂcle AENTSYS YIRS (I BINO:HQRFHIYRAM EhRFAsingonPr i Si ng (a) a
sequence ASIYSYYGSTYYADSVKG (SEQ ID NO:5); and (iii) HVR-H3 comprising
10 sequence ARSDSWSYKSGYTQKIYSKGLDY (SEQ ID NO:6).

In one aspect, the invention provides an anti-hepsin antibody comprising a HVR-L1
comprising the sequence of SEQ ID NO:1. In one aspect, the invention provides an anti-
hepsin antibody comprising a HVR-L2 comprising the .sequence of SEQ ID NO:2. In one
aspect, the invention provides an anti-hepsin antibody comprising a HVR-L3 comprising the

15  sequence of SEQ ID NO:3. In one aspect, the invention provides an anti-hepsin antibody
comprising a HVR-H1 region comprising the sequence of SEQ ID NO:4. In one aspect, the
invention provides an anti-hepsin antibody comprising a HVR-H2 region comprising the
sequence of SEQ ID NO:5. In one aspect, the invention provides an anti-hepsin antibody
comprising a HVR-H3 region comprising the sequence of SEQ ID NO:6.

20 . In one aspect, an anti-hepsin antibody comprises a light chain variable region
comprising HVR-L1, HVR-L2, HVR-L3, wherein each, in order, comprises sequence
RASQDVN/STAVA (SEQ ID NO:7), SEQ ID NO: 2, 3, and/or a heavy chain variable region
comprising HVR-H1, HVR-H2, and HVR-H3, where each, in order, contains SEQ 1D NO: 4,
5,6.

25 In one aspect, an anti-hepsin antibody comprises a light chain variable region
comprising HVR-L1, HVR-L2, HVR-L3, wherein each, in order, comprises sequence
RASQDVN/STAVA (SEQ ID NO:7), SEQ ID NO: 1, sequence SASFLYS (SEQ ID NO:8),
SEQ ID NO:3, and/or a heavy chain variable region comprising HVR-H1, HVR-H2, and
HVR-H3, where each, in order, contains SEQ ID NO: 4, 5, 6.

30 In one aspect, an anti-hepsin antibody comprises a light chain variable region
comprising HVR-L1, HVR-L2, HVR-L3, wherein each, in order, comprises SEQ ID NO:7, 8,
3, and/or a heavy-chain variable region comprising HVR-H1, HVR-H2, and HVR-H3, where
each, in order, contains SEQ ID'NO: 4,5,6



5 chain conprising (i) HYR-L | conprising sequence RASQSVSSAVA (SEQ I D
NO 1); (ii) HVR- L2 conprising sequence SASSLYS (SEQ I D NO 2); aﬁld 8 i)
HVR- L3 cowpnosiasgissequence QQYYSSYYLLT (SEQ I D NO 3) ; anw/useoipbj3sal heavy
chain conprising (i) HVRH conprising sequence GFNFSYSYMH (SEQ I D NO 4);
(i) EI'VR-H2 conprising sequence ASIYSYYGSTYYADSVKG (SEQ I D NG 5); and
(ii11) HYR-H3 conprising 10 sequence ARSDSWSYKSGYTXKI YSKG.DY (SEQ I D NO 6).
I n one aspect, the invention provides an anti-hepsin antibody conprising a
HVR- LIt conpr Tl anging &mad ssgueneescd SER IDAYPS: B6 M@ numbered with aespeshict , t he
i nven i on,.prE oy anyf risin
the. sequBhBa YRR NS ST b e RO TR Rl O e o
?Bt :\I-Ohgpmhnheamnabmuhybeowiem as@esaribddrRelo®. conpri si ng the 15sequence of SEQ

I n Rp@f_@% P%Ftthe ifvBftion D E Sl iR Bﬁ%‘tﬁtﬂ)‘?@frﬁﬁkm barﬁﬁi@%bﬂaﬁnt' body
conprising a on co r|5|ngt e sequence of SEQ ID NO 4. In one
aspect , séduenqenmewﬂcmncpng)mtldeﬁtompmls|Sulh@pt3¢1h/ retAinedh Jepy XN iK1 a HVR- H2
region coly i Si.n
br ovi de PERITR pBRiS SAUERT R Sinbhted blan sy I R ey T <img the
sequencéranfewsfkcpoh@nmsalue@@ In we@n@o@gpwfthemr&h?qlesh@ﬁg iemewprki body
conprises a gerauench%brnpr\{sgg ) aRbGuti sk B&nt%ﬂf?ﬁr’rﬁ ht@ort¥Ri-sbmeHVR- L2, HVR- L3,
wher ei n 'eac aer conpri ses sequence QDVN/ STAVA (SEQ ID NO 7), SEQ
| D NO zemh'edmams/oﬁthea ahebnﬂyescmaltlnn VhisiAaBp & T ang/s8 dohpli®eng HVR-H | |
HVR- n&%dl‘r_'n\éﬁ h‘@se zﬁm%(ﬁes%% m%: hgangrcqgfl varsOH RhiAh PfRewWork dNghendes 5, 6. 251N
one aspec ant1-hepsin y “conprises a |ight chaln vari abl e region
conpri siafguMaR4DI-8 (HERCERTINY/Renedtecivied: eSonthctap franpiscoy e FSALGY0r i ses
sequence, %gg%vgiﬁo/ﬁgm(@g% 4P NTe73,621550 4ud 1Nt ., ) MOUBRE QLUBASFLYS ( SEQ
IDNO8) J'6r & heavy c¢haln variabl e region corrprlsmg
I;\/Ré H1303|-4(155)-1[-)123 1090) IR piBbodivhent.hasierttibodips Hyrthrscompiivsiadivpen sSEiEh D NO 4,

n e aspect h
vari abi SPBgRER aBrraf AR e R R T O der
CONpI3. SeseqSm@ ¢dB\pNGs 7 suBstitiBion amdsition 66. fiesame earberimeptsy POSISIOR 66 isd? ol

0 Now af Pasicus oy s I b BUSHAR AR elbudlidier | PN G0 S50

sequenc ebuMAbSBB hsl]lebmednﬂ) SrRatentiNbe 648784 1 & S84 F3T1 18 gns smpedimelhl  HVR

(i.e., H, H2.or r
consi st eﬂ‘f‘ \ﬁ“{'l?'?dfeﬁ 'Rg%eth@ﬁtlun%é??rﬁdg%sd;gg gngl‘é %‘ic"&éégg?%ggﬁ%sef’gwiéﬂg i bodi es

gf the i nmERiﬁNﬁeﬁbnemn@r Inse Sautly Serufrergitce. GAdeWdrIRe PEeAl B dmai n

seq tf.Mi t Bl b tlioad-I t

o QB N T B e o B o 2onpr | 6. 8
human subgr oulp oh¢ émb@avgnt,@hanmboﬁv afbovRItion $BPAEIES 2 BEYY é‘i’?d‘évaqaﬁ “one

enmbodi nent_ of I
" oubst | DU arae %‘E‘?’H“Eﬁg“‘%?q“e‘“m’w“‘@§*“‘“F“§"3§%’ﬁ"%ﬂ%ﬁ%‘?‘ﬁﬁﬁ?ﬁ?[ hese

ant i bodi 8sandd¥R H1oH2,20d HS spquenrcs prs SEQIRINGS: 478, ang/opd, 1F§pegiyg’y

In one embodiment, an antibody of the invention comprises a heavy chain variable

25  domain, wherein the framework sequence comprises the sequence of SEQ ID NOS 14-15, 48,
and/or 16, and HVR H1, H2, and H3 sequences are SEQ ID NOS: 4, 5, and/or 6, respectively.
In another embodiment, the framework sequence comprises the sequence of SEQIDNOS -
14-15, 43, and/or 16, and HVR H1, H2, and H3 sequences are SEQ ID NOS: 4, 5, and/or 6,
respectively.

30 In a particular embodiment, an antibody of the invention comprises a light chain
variable domain, wherein the framework sequence comprises the sequence of SEQ ID NOS
17-20; 49-51 & 20; 52-54 & 20; and/or 55-57 & 20, respectively, and HVR L1, L2, and L3

sequences are SEQ ID NOS: 1, 2, and/or 3, respectively. In another embodiment, an



10enbodi nent, these anti bodi es conprise heavy chain variable domain
framewor k sequences of huMAb4D5-8 (HERCEPTIN(r), Genentech, Inc., South San
Franci scowoCGN1/0364&3 (al so referred to in U S. Patent No®CTAS406/02381 &
5,821,337, and Lee et al., J. Mol. Biol. (2004), 340(5):1073-1093). In one
enbodi nent, these antibodies further conprise a human id |light chain
framewor k consensus sequence. -In sone enbodi nents, the framework consensus
15. sequence conprises a substitution a position 66. In some enbodi nents,
posi t i onnt@dy of 16 inventwnsampiisssk Heht shidowrisalgdomeegkerein thelfgiewsrtconpri se
| ight chajn EVR RYMBRBRROS | s, 48 Sd/bt200ard R B1, RARENT NoS.
6, 407, ngqugn cgﬁﬁrﬁ}%g?‘g%g@&%ﬁe g{r?‘godl ment, these ant?bodl es conprise |ight
chai n vdsisedieaces amredEQ &Tﬂﬁéhbésa"éfor RURARB DSLYS 1T MReEPTPadirnt, atenent ech,
I nc. )hxabmbr%ﬁweahéa kit fhdmewodOPat ent  Nos.
6. 407, 24 e SR0ARIRLnels o HERkLA\SR0ICTREEA D Hwo
340(5) $O@REBOBprises the sequememﬁéE@dBd‘éﬁPfrrbht‘S ‘z?r?"é/ﬁt ?‘béﬂfi/“&k L4lhk2i nvent i on
conpris BovpNGe!ie2 daasi . vayn the framework sequence
conpri s%ﬁdgﬁgﬁgg%ﬁiﬁggs Psc oséd i n Fi reuspég 2,5&-8 and HVR H1, H2, and H3
sequences ar @@E@mlb@ﬂlm@ amannsodya}fmedﬁvee“ow@w@éﬁﬁa\}‘éw chpif vaiableenhodi ment |
an antih ﬁ% Ofyndr B tﬂeqya%%tv\’og{'seﬁ%@é sonfpris® tRERYYen6& SEQ/ A NoBl18-13onai n,

e

wher ei n " P anewor k sequence conprises the se%uence of SEQ | D NCS 14- 15,
48, and/apd/of 85, amhd VRN, HZ, and 3 ssauenees asetie iR EOSate: gD NOs: 4, 5,

and/ C LAV m&Héf .ﬁé\% k syiBwe cémpraasience
corrpﬂ sgrgs FE ﬁﬁgge%dg\éﬁl ét %Hai?xsvﬁ %Q&Ip%l{l%)s 14 Gie 4?:a ané/ ocsrfé1 16, an%%ql—l\/R H, H2,

and H3 stbeseaniesof¥EQ BENOSH7NGS?8 %I‘d/OSZO’é‘HQIHUrR Igl, lee%‘ﬁéétsF%P%?S A0l n a

parti cul g gyRedi [n%ngnd/@}rg @,g[;elcmgy of the invention conprises a light chain
vari abl e C%ITB.I n, Whérein framewor k sequence conprises the sequence of

SEQ ID NCS 1 @mhengspsq,@azobodwf the inyepifpn camayisss aBeavy phaip vaiggble, ognact i vel y,

and FIV & }lc% AUSISES 180 PEEA/JP NS chdin variatadebnein 3,
r espect :Q‘?/‘J“}a""é"%‘r?" e Skt |rr§nt an WD 2011/ 050188PCT/ US2010/ 053591

anti bi)dycqnfprrslhethersmmemfSE@&BM%@S a light chain variable donain, wherein

the framework §l?tﬂl%¢Q%ctC%'ﬁb&@%fm@Qn@Wﬁ@ngs adEylchaiNriable- 18 58
and/ or 20, and HV L2 q(gences are and/ or 3,

respect i dashajn CQmPf’aﬁéﬁh?éﬁq‘i?ﬁffdﬁlsﬁ’QHPN A0 a3 %ﬁ(}hab'fq'ﬂ’ﬁgll\lﬁﬁv@ﬁt i on conpri ses

a light chai r\n;éﬁ&ﬁéi‘Q&;ﬁctdMIBQdM‘ﬂ{eﬂthnﬁ&ﬁonpa%\Mi’gktcﬁzﬁeqarellblbeiomamprI ses
t he sequence o NOS 17 19 and/ oy i and L3

Li,
sequencesonrprisingte SF‘ID‘GRBS’f SEQ P N@ignd)p heavy F%"’é‘b&ftasegif’vam I n one
enbogb nent, %nﬁwbgﬂ’i%énﬁfof Eﬂiﬁodl@/&mﬂid iaveniONWnBieSa Hghebaiy vahablen vari abl e

domai n, V\/ner el n the framework sequence %o i t@eGsequ‘%E %f EQ I D NOS
14- 15, 43demain of humpnizeg D RRbRFY (hUBADARS; Fm&‘:‘e’s Qe % P :
and/ or Earﬂ-ﬂaﬁc@s%@e@& YA Walsrebriad kd LS FhaaiNg. 5,207,261 2ad deetiah, ). Moér ei n t he
framewor K sequence con&r i ses the Squﬁ ES fg I D NOS 17-18, 58 and/or
20, and Bigk (2904),@20(521 73t93) axdrpistrddn SER §l%b Rs: 1, 2, and/or 3,
respectively. 1 Asp Ile Gln Met Thr Gin Ser Pro Ser Ser Leu Ser Ala Ser Val Gly
25 Asp Arg Val Thr lle Thr Cys Arg Ala Ser Gln Asp Val Asn Th( Ala
Val Ala Trp Tyr Gln Gin Lys Pro Gly Lys Ala Pro Lys Leu Leu lle
Tyr Ser Ala Ser Phe Leu Tyr Ser Gly Val Pro Ser Arg Phe Ser Gly
Ser Arg Ser Gly Thr Asp Phe Thr Leu Thr Ile Ser Ser Leu Gin Pro Glu
Asp Phe Ala Thr Tyr Tyr Cys Gin Gin His Tyr Thr Thr Pro Pro Thr
30 Phe Gly GIn Gly Thr Lys Val Glu lle Lys 107 (SEQ ID NO: 1 1)
(HVR residues are underlined)

In one embodiment, the huMAb4DS5-38 light chain variable domain sequence is

modified at one or more of positions 30, 66 and 91 (Asn, Arg and His as indicated in

bold/italics above, respectively). In one embodiment, the modified huMADb4D5-8



I n anot her aspect, an antibody of the invention conprises a heav [

vari abl e domai n conprising the sequence of SEQ ID ﬁg 10 and/ o? g flhglh'?
chai n varwelkba/dorsai n 15conpri si ng the sequence of SEQ PDTNG2@0/053591 | n
anot her aspect, an antibody of the invention conprises a heavy chain
variabl e domai n conprising the sequence of SEQ ID NO 10 and a light chain
vari abl e donai n. I n anot her aspect, an antibody of the invention
conprises a |lightchain variable domain conprising the sequence of SEQ ID
NO: 9 anekeqaerive anyprishasan wmsnbi@,@mmlapwtwm@elﬁﬁéoreﬁ%b@cﬂoﬁ'ﬁﬂ‘ﬂ% -of anti bodi es of

t he |nv§\nt ol k d 4D5
ant i body f(hr Rﬁ\g @ %ﬁ‘ﬂéﬁgg}l‘ ﬁ%b?o@%@ﬁ@é@ﬂggﬁﬁ?@s Qfsl%)ﬂgt'd?]mrg:aﬁeﬁ anci sco,
|\C/§| UgAyTr(mzeszxigth?ﬁwmpe?ng the iseauencs demeted inEQ B NO742beloWnd Lee et al ., J

i ol . ¢ 11 :
Asp Ile G n Mt fh’?s%é%n&éﬂquﬁg%)esrea%g?ﬁfgﬁ L%grs b%lgggeY@Va Gy gglbg\g Ar1 g

Val $hr Ile Thr Gy&vAﬁeg/aAT@rlsePhr@mms@L@anﬁJnMﬁmM| Ala Trp Tyr
Gndnlys Pro Qy Aﬁfrp’aﬂﬁ'@@r{ an@ﬁé PhEGIYESH Ald ﬁroByE L&eLeAlca Ser Phe Leu Tyr

Ser Ay Val Pro Ser "Arg Ser Thr Phe Thr L
eu Thr
ITIhre gtrag Iger 'Il_'ﬁu GWMMCAYYH# reper erhﬁ\??@%eﬁ n Hs Tyr Thr
ro r |
11) (HVR resi dues [g:ﬁgr 5 r\rs]p fHThieu ESII: s6 1kuldig PEySIu107 (SEQ | D NO

I ne n one enbodi nent, th
chain variabl e dom%es%qT@hE@WSCmﬂﬂﬁl%ﬂmmmggt ?olnlsggg

66 d 91 (Asn, I I
resglerbct ively). | ﬁﬁ%n(g g}m—hg'lﬁ L?’p%lqghenlg&b'?:% (ﬁﬁ%é}lq[%s;ga%ve

2011/ 050188PCT/ USZMIDJ!@S@B@SM@ @@qfuléﬁﬁe conprises Ser in position 30, Ay in

posi tion 66 O peo helifveRASH frbAles 3 antRHEHNBbYy thatRompeeswitoaiy
anti body of t e i\t eent}}ec;n ecorrpérl ses? aarlltl g ‘t%chal?nwvtarth;b?ee domai nrrent "

conpri si afghetdbevesmentionedantibediestfarbipdinggodepsiy. NEOPSPEY B VLIRS |1 e G n Met

Thr G n Ser I
Vid aRa he&% arlﬂ%Udﬁﬁﬁt a8 toRE saviedl or @simiASHItopE on MapkinBlianyl | e Thr
Cys Argp 'a? E(EVa Ser Thr Ala Val Ala Trp Tyr Gn Gn Lys Pro

Gy Lys d&]tlapdbpme -tyngionedjantibedies e Tyr Ser Ala Ser Phe Leu Tyr Ser Gy Val Pro

geL é; g ghﬁ % is gj}] nﬁﬁ 'Ehe%t}’an%ea"s dGcMbelihh griaer deet hEinbew, THemminoacBer Ser Leu

a Thr Tyr Tyr er Tyl T, T
10Phe d gostﬂon/b@luyiarvmdlwgn%hypevaﬂweefeE‘%OQ‘E‘?"E‘@Q)“P'D eﬁ%‘)"q‘% rRorl?dIQ;
are undepli %ﬁ%‘)t the varioub BefitfonsRIRRGTin tHehax (hd’ﬁé@diﬁ)bd)helWD\HOdES)OanOIantl -
h6psi n antl y t at conpetes with any d _anti bodi es

for bi ndivithintaoatiabrsdamain Wab%v‘é%eﬁéébybrpr?rﬁ?f@ﬂ% p(?ﬁ'"ﬁ?sd"[\'/:t Ogtz‘esgn anti -
gﬁss 2§0a9<§51tg)gg %15%%%%dﬂg $e }j«ﬂh“& g§@0@31a6[e régich unidbradne 8giof oniteriowhilepsi n as
being deemed to be outslld%r;ehyp?rggr:ablct)e rég?on under a different set of criteria. One or
more of these positions can also be found in extended hypervariable regions (as further
defined below).
In some embodiments, the antibody is a monoclonal antibody. In other embodiments,
25  the antibody is a polyclonal antibody. In some embodiments, the antibody is selected from
the group consisting of a chimeric antibody, an affinity matured antibody, a humanized
antibody, and a human antibody. In certain embodiments, the antibody is an antibody
fragment. In some embodiments, the antibody is a Fab, Fab', Fab'-SH, F(ab'), or scFv.
In one embodiment, the antibody is a chimeric antibody, for example, an antibody
30 comprising antigen binding sequences from a non-human donor grafted to a heterologous
non-human, human, or humanized sequence (e.g., framework and/or constant domain
sequences). In one embodiment, the non-human donor is a mouse. In a further embodiment,
an antigen binding sequence is synthetic, e.g., obtained by mutagenesis (e.g., phage display

screening, etc.). In a particular embodiment, a chimeric antibody of the invention has murine



As is known in the art, and as described in greater detail hereinbel ow the
am no acid position/boundary delineating a hypervariable region of an

ant i body wenouarsyissdependi ng on the context and the varipouwassd@niosdsbi ons
known in the art (as described below). Some positions within a variable
domain may be viewed as hybrid hypervariable positions in that these 20
positions can be deened to be within a hypervariable regi on under one set
of criteria while being deemed to be outside a hypervariable region under a
di f f er emregiets anfl abnmbre€irggionOrle ong emimdinent, theraurine pighti chpipysregianisal so be found
in exte r [ nf, rdpnl;g?,[ & dr Ay I n sone
enbodi rrglgs?(gtor%/}ﬁ&a}{ﬁ%dpgq @cﬁggaﬂprr%ﬁoc eE)nlg)l ant’ |ﬂ% / %qe?p}gt ﬁxeyr enbodi nent s,
25t he amdgidnosifus¢édstoa hpmhy taGdrfategmnt i body. I n sone errbodl ments, the anti body
is selected Siveitdn9ncRlde IS OInIBI Al € aiinb b gdy, an affinity
mat ur ed antlg[‘rﬁméera%ﬂﬁgr?g%ipggﬁgan M) gn 5 dog ur?anaantlgody In certain
enbodi rmuitsstutnbrisen antflabmdyrhrsglam(%tancb%fﬁyﬁyfmetgm}m varippfs $dthrshangpfofi ment s, t he
ant | b0d¥h Raffe (ﬁﬂ( F[‘ﬂpsubst': dz rﬁh‘vo aE{démt)lgCDRror§§%Yenolt nmqg'@tomed' ment, the
ant i body 98%a ric anti 3 for exanple, an antibody 30conprising

anti gen pbﬂscmlnrntge Q@upuemealeﬁtra@hb@mbhoth‘ﬁm‘w@@ﬁw the antibediestad the het er ol ogous
non- hurrg p%nbo%%&?er@%mm‘gg%ﬁu %ggaﬁﬁ%ea@ﬁ%s&ﬁmgm 'thd 15&1@5\99{#& RRFOr constant

donmi n sequences n one e I ment he non-hunan donor is a nouse. In a
further impiooc effentor fuasticaringlybng qsnhwpﬁé%@q@(ehé@@@@;‘ﬂﬁ'ﬂ ptBeclle. g. |

obt aj, nequlm{% Egrrh%%ﬁﬁﬁo%lle% of ﬁle ShventIhaRGuddiRRl AWiCIpE&I aﬁn%e%‘ttlfht imprbvt @

particular a chinmeric antibody of the invention has murine WO
2011/ 05GL88BCTIA OBROMIBBHEL thy aptihgdish ef thetventinn fRAPEE CRAESD AN ne

embodi ”Fag 1d’ resﬁ&{lﬁs mﬁénk;bergéxblgh\tat Em%eé(ears&géf?é@tol' funftibneegt Gechealblarade kappa |i ght

chai n. nuri ne heavy chain V region.is fused to a
human IgﬁQ/OO‘\Dé?@mePtIOHellrﬁéqndE@élaSa%Brc%hl"ég dn sameeembediaenisoie pHPgE t hose

that havg tﬁ%\%ﬂtl@rﬂrg ctﬁ?&ét%ﬁ&éé Wde@n@%eh BinliAg (sfuf:@mnke saghd) ¢R) and

affini ty maturation variants Wwth changes in the qra ted CDRs. The
substs tdtuednamnpimattlf@@fﬁrlwwomabfc rreRgereondgtural kikes FOtcglls HBse pr esent

in the ds%F@ ?dlﬂxgxﬁk Rt ibHMs| R ARYnvehfforCdrh @larLR¥NAGI bYRIBESased biadiagt | bodi es of

t he inven urther conprise changes in amno acid reS| dues in the Fc
regi on t(vah ab ehadbs{eocqQﬁorr@mblwéfuﬁ@&fwmflffﬁi%lli\owdfoﬁﬂmnﬁg Bif¥nced CDC

and/ or AD%Cdmren Jh? nt%@gl g’ofctﬁé Jnve"nQ%b %lle opgle Ié& Bigss (@Et lééﬂdir Qfan& he

i nventi of" 0se having speci anges rove stability. In
ot her endvogrinestiest anheutation (och38sLBH, G1S. P%%WVQ)WQ(?&%P B30 infes in

am ”?o ""‘3/'-\5127r S%ﬁdj‘ﬁﬁ hrﬁ‘d/é QQ%D@uH%ghxﬁgthé}%g leRdEUOndiRE NIRasRe ef fect or

func function and/ or decreased B-cell
killing. embvdsnﬂm émnbmdqodemosnprméneanﬁqtbbﬁff?éé%ﬂ?h@f PR ar e

characterized, By rg%?:q g%ngbﬂ]gﬂo()ﬂes(ﬁﬂgh bﬁ\&n@?&?ﬁ@bﬁd&fcobnrﬂdhg]@)y dfo 15human

conpl enent factor human Fc receptor on natura klller ( NK)
cel |'s. |thesuigen émﬁme ﬁmmcss providedsberginaiiersén e heme indingRODEAPULCR

char act e{ﬁ@@@@% %85%@;%%0' Bi qush mf,:bymna/b‘em&ns agk. of binding) to
hurran Fc A, and/ or A I'n so
The antlbodles of the mventlon bmd (such as specnﬁcally bind) hepsin, and in some
embodiments, may modulate (e.g. inhibit) one or more aspects of hepsin activity (such as
hepsin enzymatic activity) and/or disruption of any biologically relevant hepsin and/or hepsin
polypeptide substrate biological pathway, and/or treatment and/or prevention of a tumor, cell
proliferative disorder or a cancer; and/or treatment or prevention of a disorder associated with
30  hepsin expression and/or activity (such as increased hepsin expression and/or activity). In
some embodiments, the hepsin antibody specifically binds to a polypeptide consisting of or

consisting essentially of a hepsin (e.g., a human and/or mouse hepsin). In one embodiment,

the hepsin enzymaﬁc activity comprises cleavage of polypeptide substrate of hepsin. In one
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enbodi nents, the antibodies of the invention are of the 1gG class (e.qg.,
lgG 1 or Ig&4) and conprise at |least one mutation in E233, L234, &36,
D265, D2AW0 202980188318, K320, K322, 20A327, A330, P331, pamdrses10/M3291
(numbering according to the EU index). In sone enbodi nents, the antibodies
conprise the nutations L234A1L235A or D265A/ N297A. I n one aspect, the

i nvention provides hepsin binding pol ypeptides conprising any of the

anti gen bi ndi ng sequences provi ded herein, wherein the hepsin binding

pol ypepeintieimepetbe polgreptige substchtetaf hepshreip gienor neorgof prernfagiealmeand/ or  cyno

and/ or e [Nele] ntion bind (such as
speC|f|ca.rflﬁlgt"gﬁ‘ggtfmﬁgggmaﬁ @% P?hﬂggﬁéqg anld ﬁfﬁgﬁ?s may nodul ate (e.g.

i nhi bit) onehnmeﬁmbehmngMMmhmﬁyhéﬂsumwmumuvnwyné@ubﬂmagnwﬁﬂ3|n enzymatic

a0t V1 U4 Qo RUOLLEN el pRICOLOIILR) bl s ogos! n and/or

hepsin pd e su rate biro Ical pat hway, /or treatment and/or
pr evént |aombodf' 1a12 BB 1, 9¢4T.IAGAII4, fﬁéﬂ anql/veAZﬂ aserereplifisd imFigeradbior amnd/ or

treat menf, 0l }Eéﬁ{ grnltbh@qdlgclosgd e dﬂﬁ)’iw%ﬁ?@'@b@go%g@ e%o ah@tﬂﬁl&n expressi on

and/ or actl Vi as 1 ncrease sin expression and/or activity). In
sone enldds Ny s46111RL3 8 p¥IGT 0ahiG1b bl agé’ecnﬁ&:raferryd 19 anchage 9 andpw| ypept i de

consi st 'Fgggl e%flSRrw IR 'is%fr#)e'a% %@?@%&ﬁ'd %nogéd ift XUGR & o (2086)X:ancé MMaN and/ or

nmouse he epsin enzymatic activity conprises
cl eavage6an, qﬁml,wp@phqule agtitipdy ldatlesedﬁn WEPRSPH149982.0ne WO

2011/,050188Pf1{ lé%ﬁl%&(ﬂ%Q?B;’lga]ntlg Wentﬁ%epmt)é@lﬁpété fg bﬁﬁ*ﬁf gate of

hepsin is one or nore of pro-nma rop age stimulating Reoteln pr o- MBP) ,
pr 0- UPA, huFac hepsinWith anradtihepsirH@rbody describechindipaces RsssarcheYieluma 0. 2A¢Sbody of

Vor umo. 68 1 BaeuRvRhd AORBle IRREN AT Sk TR e e AS. boe11,

94A7, AGs emmﬁed\iznlﬁandﬂbpr amzzlol@tsd @p@ﬁpntibwéelsql?ﬁefti"g'i%l’mhcat&nsan i sol ated
hep5|n I i Qnd/é- 9., anti bod
a7e, 1 R D o a9 & on page.
93 atd mmurgfanrrettopmag9)93@nd ahFlElgéﬁ BrAeB) preapdsolptethepibartibasdisdesed i n xuan
et at (2\38@@}%@?@?56)%c9%@56(7§64ﬂ1 o 1R u'i‘@rﬂﬁbdw afldsbosy di sclosed in

W2007/ 1 n one enbodi ngnt, an anti body of the invention does not
conpet e W@r20(l!ﬁ/m99?rﬂg to hunman hepsin with an anti-hepsin anti body descri bed

in Cancer Zﬁgﬁecéﬁboyﬁlewrgn %lbomﬁe ibehlior 8Jded nBihd 1B iRckamd egiPbofi €. g. ,
anti body 1Al 85B11, 94A7 174, A21 and/ or A24 aﬁ exgggl ified in

Fi gur e 4humaghepsin ds$p - é%PSH’eaﬁgPWydﬁ%CF'BWdy Canese Resagh B cat i ons

VD2094/ 0%631233914 hed?rf‘id()@?gé’ AiB5dy IKHGT8SRAGDLA 7, RBFR1 743X Bl éha/3 24, 11CL
and/ or erre to on page 93 and in. Fi gur, chﬁg’A\?‘()‘%tlor an isol ated

hepsi n amelxtmdgﬁed |"SEIBW§ éd or an m'atﬁ bepsigan(ibagy gisclesgddn ¥, 3611, or
an hepsi W@BBA/MXO (1'%9%9%9 47 R5 Q29 0i6D1 49882, 3700 oo_ﬂezlemtmwnment an

ant i body_/zoH6 the invention does not bind to the sane epit 9B 420 osed
referred to on page 93 and in Figures 15A-D) or an isolated hepsin‘antibody dis
in Xuan et al (2006) Cancer Res 66(7), 3611, or an hepsin antibody disclosed in
25 W020077149932.
In one aspect, the invention provides compositions comprising one or more antibodies
of the invention and a carrier. In one embodiment, the carrier is pharmaceutically acceptable.
In another aspect, the invention provides nucleic acids encoding a hepsin antibody of
the invention.
30 In yet another aspect, the invention provides vectors comprising a nucleic acid of the
invention.
In a further aspect, the invention provides compositions comprising one or more

nucleic acids of the invention and a carrier. In one embodiment, the carrier is

pharmaceutically acceptable.
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human hepsin as an anti-hepsin anti body descri bed in Cancer Research,

Vol unme 66, pages 203611-3619 published in 2006 (e.g., antibody 1Al 2, 85B11,
94A7, A6,wODLGt/05ABE and/ or A24 as exenplified in Figureprdx/usesiomamssvsol at ed
hepsi n anti body di scl osed in PCT Publications W2004/ 033630 (e.g., antibody
47A5, 14C7, 46D12, 38E2, 37Gl0, 31C1, 11Cl and/or 72H6 referred to on page
93 and in Figures 15A-D) or an isolated hepsin antibody disclosed in Xuan
et al (2006) Cancer Res 66(7), 3611, or an hepsin antibody disclosed in 25
W02007/ 14993@.one aspect thcmwcm:oas>pn'cie$ hasheells nareprisingr rplﬁ'@wad@s)fé@f—‘my tions °

corrprl SIOP g Qr{v ntlon KD\!egtoﬁ&wa%ggnﬁé% eL fotrlg)@ rlllx;pé/ %@écb%m@r‘{}%&o%w ﬁsedrn In one

enbodi nen carrier har tically acceptab I n anot her
aspect , ekpressionveatri dvmyof a)varcbesofrhusilcehlscﬁaab? wdemlemgoﬁmh@p%h%t &ht i body of

t he I nv?snz} Il‘ {10:1g ICQ“ ¥(§tex%£'@ f? CO@SIB%ﬁéthertenl%O&lngl?tné h&pce@lrlg)yblmgﬁ/o“@m ors
he i nventi on.

conprisin €l ¢ aci further aspect, the
i nventi cel, mrwardpisamnmm ¢adirpgchoasigiviriess gnserévery (%@ Cﬁ‘thcl ei c acids of the

i nvention an rab i rmaceutically
accept abl e. H\I%U%Jff pggt Tg%%%%g%@%% gﬁ g‘%gslémk% a%r?ﬁt(rl)br?g%g%gct t he

i nvent i émveptic iFdeskampkt the ivientionprprides methods gfumdkingan aeti-Hersin agtigedyt or of t he
I nvent Dhich 2 85120 n&GaH nli)c?uo%g ﬁ.@rlé/ngh%/ﬁ%bodc Qhd %mt@thet@ofﬁ ggiaRkHdaNt vect or

such as “an €expression vector. a varlety host cells can be used.
I n one @mnpdsnmemtprug hiasst ce@@bmpllsnan%bm%?qdcbngdb? humanized agtibady 0 E. col i .

I'n apot rh?at th%q:lgglgnc qEHtIS’ exfrelQa! Incsghmle emBoAmEMK MiRithsd fRfkdlcomp@ies €xanpl e a
manmal 1 an cel |nese

Harmst er Ovary (CHO) cell. In a further
aspect, redogeringhaunitibedyramy thd dest nelt g & soamaamhgdunenisrths BERILE t he

i nventi qn., £0g ?8%%?“ ?l' el lQﬁlter}ﬁ@(ﬂhho'ﬂ\ M%@@mﬁﬁt"s hedme@bd kg an

antl-hep5|n an as defined herein includes full |ength
ant i bodwoampdse[s paghamgshetrﬁ@b’ereql yntibedy withephigaacewinaly acrfaiefaisi ng a host

cel | ConRL: ?ghﬁgr QHG: B Sreafd Qp}fanﬁ&@at&gn foluI ORI RS AR hitRshize80 10 that the

nucl eic a 'S expresse I’ n sone enbodi nents, the method further
conplsi s wtlbwoln@pmn gmbmmem@ ithsdBNENTQTORP Y ifleS medaqds eEnpking A0 apfidieryin some

embodi mg ZQ‘ETE dy! O rﬂaf\&pﬁ%rﬂmﬁﬁ E(ﬁ&m@ﬁlﬁ\@oéléﬁmttﬂﬂ@i ARfplek@bmpfidind @y e medi um

In sone e di ment s further conprises. conmbinin (H{;ue recovered
ant i bodyhepsin hncb(bbhmrmel@tﬂa$eclahlbg'/°fé'é?éB'fﬂtisalkﬂpém§éls‘t‘tisé‘? Ingome f)‘gg medy carrier

to pr epaﬂ(ﬁs‘ﬁ PR:E@\'E mﬁ@&&ﬂﬁ&l is {raktvdleal inBme @ABEdimeitg thdRrifdiprarhszed

15anti bo n sonme enbodi nents, the invention provides nethods of naking

an anti -Ilnbl|b54>rns éﬂ{dﬂcbtvdf;rlso%%}mnﬁé‘?%dl"é@?‘i‘ﬁFi“g?ﬂ'@‘e‘g%lﬂépéﬁ‘ﬁegpr&ﬁ?sfbodl es that

bi ”C'ztg1 E,HBL shﬁda&%t&%)n ASRRH rBsidREIS&rDY5 dhdSRE 5ﬂevhplreejz Repsia i¢ nhi bi t or
that bin ep5| n subsite. In sone enbqdi nents, g??fﬁg cgv gresent in the

conpl ex ingctivatadt in\ﬁameembcmm%wr@rfﬁéﬂ?%&f@ antiody.d {nsuRatedi i pi t or

s 3, 4-diahl, ﬂah&%@é’rmrp'r&ea(smmbitor' nnmﬂmmﬁldnﬁﬁmémetﬁob&rﬂefl ne protease

20i nhi bi tor bi nds psin catalytic am no acid resL hlesS 5.and H s 57,
wher eby ﬂ@rpg\sw thesstep of selecting antibodies that compete for hepsin binding wit unitz

domain. In some embodiments, the Kunitz domain is KDI.

25 In one aspect, the invention provides an article of manufacture comprising a
container; and a composition contained within the container, wherein the composition
comprises.one or more hepsin antibodies of the invention. In one embodiment, the
composition comprises a nucleic acid of the invention. In another embodiment, a
composition comprising an antibody further comprises a carrier, which in some embodiments

30 is pharmaceuticaliy acceptable. In one embodiment, an article of manufacture of the
invention further comprises instructions for administering the composition (e.g., the
antibody) to an individual (such as instructions for any of the methods described herein).

In another aspect, the invention provides a kit comprising a first container comprising

a composition comprising one or more anti-hepsin antibodies of the invention; and a second
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i nactivated. In sone enbodi nents, prior to selecting the antibody, the
anti body is incubated with hepsin and the serine protease inhibitor. In
sone enboaprentespis8he met hod further conprises the stepPofi/tsedionsisag

anti bodi es that conpete for hepsin binding with a Kunitz domain. In sone
enbodi nents, the Kunitz domain is KD1. 25In one aspect, the invention
provides an article of manufacture conprising a container; and a

conposi tion contained Wi thin the container, wherein the conposition
conpris ea\tajm ca@nprisirgea tuéfes i In oagtmipdinens thsf buffleis pharmageutically peceptable.

enbodi t he .conposi ti tion. In
anot hep? SH'ibPr%'Wte 45 Og'ct)'g??({mr{lsg‘g% rg?t&%g)éﬁ}gﬁe%%{n ?B%fé)?tc?ﬁ? f[ ngsncorrprl ses
a carri e{somulambdnmantscrmamabmﬂmﬂb'rwgep@@lel én giotheneraeadimenalal kit fagkegpt abl e. In

nbod P
82refpl’6I sg%'}‘igﬁsg% V‘E}g"[@ 1§r1:§tf£)rcadm"9%err§%f}”{ cao%pldgnﬁo {3 oo R dnfIN&) {ooa'ﬂerﬁdw er .

s for a erirng conposi tion , th
ant i body) tOTmhepmlpaxh\da;anb 1r(v91yc<ﬂunasultlm15b10uxgtcakm§ physiolegigal Ctﬂ"r'i'é» met hods
described, herel or HEFAIRLIG A58 aiol BEVISPGRp®Rar Ovi des a kit

conpri simg é{'gf?%s?"“xam al nNer Cconprisifng a composition CO%‘I sing one or
nmor e antdﬁsﬂpepﬂdafgraaiaﬁotbﬁdbaememfmmiaanenmetquem atipe) efe- Jdewiiunctioys are .

20117/ 05Q 188 ¥ 8"3?3%(?)%]{1 a{té)é :r)i %%érd(é\g QB&\' as ggncﬁro f’iﬁm S ARy gﬂ@dct &he inléhtione

enbodi mehpP™ arnmaceuti ca acceptable. I'n one enbodi ment, a
conposi tpr@/rdesamarhod loﬁghdvmnardtsrtwodlydffgmd@h@?Of@éfr?mer“s@%!“bda't?éf‘?/iob?’a“%| ch in

sone,_enb Nt s | I a C Wi Aispohier ofeebodi t
ki t lfourtd%%rlad '8‘#6??3%@1%%%%%{'4%%{5%?gaa&ﬁmaghg th o t he corgpos?t: gﬁn(e 3

adm ni sterin
t he ant iibadyon, heraby dlﬂdpmnédsadadat@ﬁhébﬂﬁép%‘i‘ ﬁ‘eﬁ‘eﬁfaﬁmﬁqfénqtrﬁﬁléﬂ%ﬂuqnn mul tiple

bi ol ogi cal d, RhYs) N&deh@8tSprotiB&s! a4 iRG of anbitingdCt i vat i-on of
HGF/ c- met "Bg’qﬁd i ?§e | va c?trift%f NVBP/ Rpro l ata hvay, disruption/degradation of

basenentdnmrbn/ﬁagadanam of baseieayt mmbiaphander é‘atrwgféd‘ftlﬁ’ﬁéﬂ dgpthod o7 turn

of ten dysreaul af r Ry u%us#a/c@% QPGRR o cdillitfon aksdciaRaWMar aspect,
the i nveftfPo ﬂsm ?(Fn\lllln ergéé%cgﬁt i nhl‘ll)t?tl ng di sr upti on/ degr adati on of

basement abnamiat ampmwegtadmmf kasm)erégrem&tnp antl/ordnatix AeefadBlP " Bnpr i si ng
contactipn am(s:teof eQhvehti cﬁ:? W@er@b)t QsARticAN f9@HNoR bf Blserhéhe mefvRAE bavor Wher eby
0

di srupti egra ation asenent nenbrane and/or matrix degradation is
i nhi bi tedatnkrdegmtatnammtlrﬂeblteaspect t he invention provides a method of

| nhi bi ting digs dﬁ héécft‘/ gl adat bRvidafa maﬁ@dmnﬁemgr‘eﬁammrgﬂ msoram rix

degr adati on, conprising adm nisterj ngﬁé t ssue and/ or
subj ect mdschntai \E\dﬂdclteasod]h%@@éi"d\‘)’eﬁ“%?‘hoﬁ@%’ﬁ'&“ m‘BISE"F'ﬂ% |aoSH ¥gradati on

of b e”e”t M%ﬁpﬁtm%rpéffMer dra%uﬁﬁgraadah%&gt aﬂh@m/ﬁgﬁﬂ,ltﬁérehyf t he

i nve | offt "¢ I'stuption/ degradati on sene G{re nbrane and/ or
mat ri x deffrcaivkly trcmmg or praYanting wif disorder. Injqqe gppo ’?E)‘?—fcsf“ LT BERTT on

provides a nel‘lg%ﬁepgspgétet% |an1tQB vaQfé@ﬁgeloEI@ anticiepsin deibodpeitbe at ed with
increased hepsin activity, said method conpri si ng d§1dm ni sterl ng to a
subj ect invention in the preparation of a medicament for the therapeutlc nd/or prophylactic

treatment of a disorder, such as a cancer, a tumor, and/or a cell proliferative disorder. In
75  some embodiments, the cancer, a tumor, and/or a cell proliferative disorder is prostate cancer.
In some embodiments, the cancer, a tumor, and/or a cell proliferative disorder is ovarian or
renal cancer.
In one aspect, the invention provides use of a nucleic acid of the invention in the
preparation of a medicament for the therapeutic and/or prophylactic treatment of a disorder,
30 such as a cancer, a tumor, and/or a cell prolliferative disorder. In some embodiments, the
cancer, a tumor, and/or a cell proliferative disorder is prostate cancer. In some embodiments,
the cancer, a tumor, and/or a cell proliferative disorder is ovarian or renal cancer.
In another aspect, the invention provides use of an expression vector of the invention

in the preparation of a medicament for the therapeutic and/or prophylactic treatment ofa
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20i n need of such treatnent an effective anobunt of an antagoni st of the

i nvention, thereby effectively treating or preventing said disorder. In one
enbodi nernwp 28avdodssor der i s cancer. I n a further paspmsed1p/0535e1
invention provides use of an anti-hepsin antibody of the invention in the
preparation of a nmedicanent for the therapeutic and/or prophylactic
treatnment of a disorder, such as a cancer, a tunor, and/or a cel
proliferative disorder. In 25sone enbodi nents, the cancer, a tunor, and/or
a cel | pisolderf, erchias ¥ eandérsotuger, anéfopar@!;‘tpaqléeretaﬁdépfder inseme enbodi ments, the

cancer ! e%bgd’,ggr?ts tl?e%%é%? aE{uﬁglj Lrﬁp&glcklﬁ oﬂ?e'réfﬁe g?s&r@érd@ﬁro&éte QM@E:’ gp or r enal

cance e invention provides use of a nucleic acid
of t he |smem1i>®|nnen|ts, thh earppepamn apd/opf call prelferetvaedisordes is qvadan ¢igengbeut i ¢
and/or prophylactic treatment of a disorder, 30such as a cancer, a tunor,
and/or a cell proliferative disorder. In sone enbodi nents, the cancer, a
tunos, and/ ol yat aretter wpedti theinatritior provides e of § Boshpadiaf shednveatierein tha n some

enbodi m%p rp§rat15lnﬁ' am?c%ﬁ\entq%lt M%eﬁg@cﬁng/af?&/o:apr@ﬁ\kiacw Ratnh BF 6¢td Mrglk sorder is

ovarian'or renal cancer. In anothér aspect e invention provides use of
an expr essh 2R coEet, @ tungir, ankdéer p n@)bmilfeﬁtwendlm@r phesere gmbediments.dhredi canent

for the Cdrl id $r6R4tEBMEerOfin Sme\MRAbodiment
2011/056%@%&%%?%&?%?@?8§%g% ﬁﬁ?@%%% ! éd% as a ?aﬁée?m a fdgg?s and/ or a
cel | pr ohd dageeata tymom prxiderdesel] Ptqlif%@h‘edéﬁ'ﬁ@dls preanien or kepad celsflcer . a t unor,

and/ a cell eﬁf;um\ér 5Pt 'th\éQn\ght?&r H¥idds PSR AR FAEEGeturedf §RME
enbodi nents, the cancer, tunmor, and/or a cell proliferative disorder is

ovarlanlowmhenmhmnaﬂ@eﬁwnQfmmyéﬁmﬁﬁb®h@F“§§W@6Fa“@FEWPHV@ﬁP?on provi des use

of a hOStk &t o fd.Jth%r sﬁéﬁec@ta'c%e} B nds, a[?l%pﬁﬁéltér@lnfeﬁfw@dlmidgrcﬁffent for the
t herapeuti ¢ and/or prophylactic treatment of a disorder, such as a cancer,

a t unor ,somadmbedimenssithe qanestiartuman, pRdéor giceld prokiferative disoyder ILRSTIAR SRIGES, t he

cancer, H%Mg%bodﬁﬂé#tso E‘ e%a&%} L ek dnlilk atdiVGolteRaVS@Eord s ifdvasiradre cancer .
I n sone enbodi nents e cancer, a twunor, and/or a cell proliferative

di sofderrenalcoweri an or renal cancer. 10in a further aspect, the invention

provi des use ?Bneaa@ %{ ttﬂeclll@engf)n B WE ARG WEEo 1 kit dTehd iRveARbA @Nnhd N t he
preparation o nedi’canent for the t her apeutic and/oraﬁg?ggyg.ct c

t r eat menpremsfatian df swedieament fos thedherapepticradior PraphylachF reaiy
prolif er?fcfg Y&, &h&?rﬂﬁﬁ)or Llﬁh/&oa%ll%mﬂﬂgzit%msﬁrdeﬁ he sémdésdodingentsuyti®r , and/ or a

cell proliterative disorder is prostate cancer.

cancer, a tumor, and/or a cell proliferative disorder is prostate cancer. In some embodiments,

20 the cancer, a tumor, and/or a cell proliferative disorder is ovarian or renal cancer.

The invention provides methods and compositions useful for modulating disorders
associated with expression and/or signaling of hepsin, such as increased expression and/or
signaling or undesired expression and/or signaling.

Methods of the invention can be used to affect any suitable pathological state.

25  Exemplary disorders are described herein, and include a cancer selected from the group
consisting of non-small cell lung cancer, ovarian cancer, thyroid cancer, testicular cancer,
endometrial cancer, head and neck cancer (e.g., head and neck squamous cell carcinoma),
brain cancer (e.g., neuroblastoma or meningioma), skin cancer (e.g., melanoma, basal cell
carcinoma, or squamous cell carcinoma), bladder cancer (e.g., transitional cell carcinoma),

30  breast carcinoma, gastric cancer, colorectal cancer (CRCQ), hepatocellular carcinoma, cervical
cancer, lung cancer, pancreatic cancer, prostate cancer, and renal cancer, and endometrial
cancer.

in one embodiment, a cell that is targeted in a method of the invention is a cancer cell.

For example, a cancer cell can be one selected from the group consisting of a breast cancer
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In sonme enbodi ments, the cancer, a tunor, and/or a cell proliferative

di sorder is ovarian or 15renal cancer. In one aspect, the invention also
provi des weeonfoseaskit of the invention in the preparati eaTafS2@onesdbranent
for the therapeutic and/or prophylactic treatnent of a disorder, such as a
cancer, a tunor, and/or a cell proliferative disorder. In some enbodi nents,
the cancer, a tunor, and/or a cell proliferative disorder is prostate
cancer. In sone enbodi nents, 20the cancer, a tunor, and/or a cell

prol i f ecdl, b veogitslorader c¢lk adwngrchmar @il (¢. anaahore&mﬂt‘ecp" lung cancefT¢ed).ianvent i on
provi de hods an 0 dntl Sers

associ at%.n ad i ca["ﬁerecglﬂigeng‘& on ﬁ"é(g‘aﬁo?e@?g‘%gﬁ'%gg"é % ?HBIII) Q?ﬁég as i ncreased
expr esskdh aaold{x oemcmogh,ail pangeasic canveeslr advangoraancsy afdl anevionl cgiicghal i ng.

Met hods ¥ asﬁéh ahkBomatdip! ogi cal
state. ﬁé E)?en ra' Y ouélgg&:rng%ggé?g?lgﬁggstéo @E%ﬁﬁ&?ﬁgn ?rncou de a cancer
sel e6t ed hf:psamselﬂlha cgncumpla@dhsub@tddﬂga@fer eellife. gairhnsisional cpbﬁ'cgmean%%eﬂ) ovari an
cancer [. O] [ depRthédnor@kegh, head and
neck car%eér(r"‘(cam"%am’hcq‘c1a ﬁe%lc?i1‘;Mnog&cé Su%@@ﬁ%ﬁtgrcéngﬁ car ci nonr?a) braal n cancer
(e.qg., rhammialcalistaonmometrmmnnglcglﬂmt)ldas@omadﬁam%‘?e“(éng"e enthorlimeaia, basal
cel I car AR B AR an OGBS0

transiti gﬂ}]g’ i talr%e 683'?5 noﬁgopﬁggb%m ctl’pFlolna galgt ric cra)ncier

col or ecteell. lnanctber e(t@ﬁm)nenhepdttb@ed targetad ircametherhofhe iBweniipe isla cancer, | ung

Canc@;,’[ rd?%rllacs &t”' (in 9&%&%1& e%&%@ﬁt n%g NGRS ta@BEd nENAhEPSTARY invéhBigh

endo iment, a cell that is targeted in a
met hod oéamhtastatmpehtl on is a cancer cel | . For exanpl e, a cancer cell can be
one sel ect ed n EAYS R OpRE aBdilEiRPELauh & G8Ps.

2011/ 050188P I%@z%“ﬁ?%g%ggl cel{1 a c%r oraec‘ta caa{lncer cl(gall | ung cancer

cel | (e.egampla lmomr—mﬂime@éIalmelthméu'ﬁahmp%@lalS}eP vehefeigy E?F%T‘eéaﬁ‘(l:er cell, a
MUl LT P! G B RUR G ean gﬁéeﬂ?fsleQﬁUs@J (0GR tSRknt o 2 RARJtheMpbuliear Ci noma

cel |, er cel a pancreatic cancer cell, an ovarian cancer

cel ILS aagemw cal cancer cell, a central nervous system cancer cell, an

ost eogeni ¢ S?tf&%@%e%?(ﬁ ’m\%n{l&pﬁbvﬁérﬁe‘t%@g@or@&islng aaRinieRasmerahl ul ar

carci noma ce 3 cancer (e.g., a transitional cell carci noma

cel 1), afgaderinoutaf e mikepein |antlboay H’é‘@ﬂ‘baﬁﬂoWé@ka's‘?ﬁ?éW@é‘w&a‘r‘g inoma cell, a
el anomaangﬁ\}a thTrgpeluﬁyké%ﬁ%@ucﬁe‘g by alﬁf‘an%ﬂ)g@r{%?ig hiedl, afARGQRtikedY]a and a col on

adenoma ce n one odi nent, a ce that is targeted jn a nethod of the
i nvent i oqhemgtharamﬂpepgﬂﬂbIalcf’fetoatcla@‘é‘t’aﬁﬁd‘}‘@r‘“‘l‘?yﬂé?sﬁl"aéﬁné APKIdUe P anot her

enbo Ioﬂ Sapl B BRIBHeroR, £h AHBLAREC Of cahdb@ vicoMe i o i s a
10dy£sjdpl a‘glhkcl:n%c (Mx‘é Plore a’%\ot erc e?rbodl ment , accell that is targeted in a

met hod odnatehsic, |onwewwlomhib§oa am)a§paﬁa@pt9ewl hepsin antibodies are used in

combinations with an anti-cancer agent or an anti-angiogenic agent to treat various neoplastic
or non-neoplastic conditions.
Depending on the specific cancer indication to be treated, the combination therapy of

25  the invention can be combined with additional therapeutic agents, such as chemotherapeutic

agents, or additional therapies such as radiotherapy or surgery. Many known

chemotherapeutic agents can be used in the combination therapy of the invention. Preferably

those chemotherapeutic agents that are standard for the treatment of the specific indications

will be used. Dosage or frequency of each therapeutic agent to be used in the combination is
30  preferably the same as, or less than, the dosage or frequency of the corresponding agent when

used without the other agent(s).

In another aspect, the invention provides any of the anti-hepsin antibodies described

herein, wherein the anti-hepsin antibody comprises a detectable label.
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Met hods of the invention can further conprise additional treatnent steps.
For exanple, in one enbodinent, a nethod further conprises a step wherein a
t ar get ed wel2b11zo3aissr ti ssue (e.g., a cancer cell) is expoyan2410/063di ati on
treatment or a chenot herapeutic 1l5agent. In one aspect, the invention
provi des nethods conprising adm nistration of an effective anount of an
anti-hepsin anti body in conbination with an effective anmount of anot her
t herapeutic agent (such as an anti-angi ogenesis agent, another antibody, a
chenot her apelntahcthag:ewetg, the iowentieroprp ddesgenmpleanf dnyrofi henthpersgsi ve agent, a
prodrug, (o) 1Lt 8lobdn an
ant i -enﬁ?t%gg'es CH I’begﬁere a%?%géinar%ﬁ gog‘l'a %@??@%gfﬂg@%ﬁﬁé ﬁﬁ}t nh(?%l ?ory agent).
For exawjioe,In mntelemuepmemsauhe chopléemnmprisespsenter ¢ellc dmtpinembodisnonist h an
anti-ca cer ent nic agent to treat various neoplastic
or non- NESPF ig?s"‘agond‘f?%%"s‘ab%i’egﬁﬁl ng on the specific cancer indication
to be treated, the conbiBMEF@ESGR:IP&?!@N&F'EBEHéRAW@ﬁS on can be conbi ned
wi th addi tiopal therageut 1 MGV R Foop [gclgggpaqg% &y agents, or
addi ti onal Eer api e{salgﬂaé' Cﬁ%ﬁ gl hera or sﬁfp b r}lown
chenpt henttpeut Tie Hgpenthews the hbevywbedHVrR seheene@nﬁi ﬁéﬁ,ﬁ%f{@ h‘t‘?id gt of the
inventio er apl e LRk Gn AT e ofovlat are standard for
F%%O$q% L L9 an%'L%g?e@fe Sl ﬁrﬁ% E 0

the tred e’s ecific i tions e used. Dosage or frequency
of each ther é:pmatzs (H\é@éﬁtlstSEQb@N&édWR H2nie SEQHBINGA61 BMRH 88FRdPer abl y t he
same, as V@R ggrondi ng agent
when' usé\laé)wl Hﬁﬁi] 'Fﬁgeét)ﬁ gggzﬁt §SI§@?§W§ I n arlfg?ﬁ%lféggpect t he

i nvention pr awiigesidpgitiofs arheurabﬂf‘f(idqecpém&t%h? Kplsti neebesiag sYSta9e#F her ei n,

wher ei nd%he EJI]J} hepsin anti body conprises a detectable |label. WO

2011/ 05 'IB elj§§010/ 053591 I n anot her aspect, the invention

provi des a C(FlﬂﬂUEESM 2hpnd3: depist %ﬂmplaﬁeﬁﬁgqpf?fQWP?%%F@§“SJ@§EWOH%d herei n
and hepSI o ences fér%g%a nﬁ:‘?&%ﬂ% tisstant MEerti@NRAR Xedusnde MeWiii@s & folléwsyi tro. In
some enbodi R conp ex conprises a cancer cell. |n sonme enbodi nents,
the Enti -hepS| n ant i Marihble heayhfVabicansensup fpmevworks KD 24z 2B goR) pT|g\| OF THE
DRAW NGSwuman VH §ub@UREScohsenisksafyamenos hinas Kabat SPBS SER P NOR AT56% d&quences of
ant i -hep5| ect{;};aa})body The figure shows the heavy chain HVR sequences, H1,
H2, and 13, i ght chain HVR sequences L2, and L3, S ce

nunber i nigimap V& subgioup heonselishianpsy %WN”H&XtF'Bde%EXQeT"B“Nﬂ? E?g'ollﬁlé s SEQID

NG 5 vopZens, 2 28 &b Sina Vs, 5y 4 96, SERARINO. 1, HR L2 is SEQ ID
Am no acid positions are ﬂgggg 38%; f;lbccordl ng
to th@a Kialyaen \ﬁﬁ.mbgrqungl @vywmf@@ewe@@mbﬂéﬁbﬁb@aﬂf (SEQID

respectively)

human VH subgroup 11 consensus framework minus extended hypervariable regions (SEQ ID
NOS 31-32, 30 & 16; 31-33 & 16; and 31-32, 34 & 16, respectively)
human VH subgroup II consensus framework minus extended
25  human VH subgroup III consensus framework minus Kabat CDRs (SEQ ID NOS 35-37 &
16, respectively)
humanFVH subgroup 111 consensus framework minus extended hypervariable regions (SEQ
ID NOS 14-15,37 & 16; 14-15, 38 & 16; and 14-15, 43 & 16, respectively)
human VH acceptor framework minus Kabat CDRs (SEQ ID NOS 39, 36,40 & 16,
30  respectively)
human VH acceptor framework minus extended hypervariable regions (SEQ ID NOS 14-15,
40 & 16; and 14-15, 41 & 16, respectively)
- human VH acceptor 2 framework minus Kabat CDRs (SEQ ID NOS 39, 36, 42 & 16,

respectively)
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FI GURES 2A, 2B, and 3: depict exenplary acceptor human consensus framework
sequences for use in practicing the instant invention wth sequence
i denti fi ewe 2asl/d50i880Wws: 15Vari abl e heavy (VH) consensus pCrarsesonkso( Fl G
2A, 2B) human VH subgroup | consensus franework m nus Kabat CDRs (SEQ I D
NOS 21-23 & 16, respectively) human VH subgroup | consensus franmework m nus
ext ended hypervari able regions (SEQ I D NOS 24-25, 23 & 16; 24-26 & 16; and
24- 25, 27 & 16, respectively) 20 human VH subgroup Il consensus framework
mozgz Katasn vmep@Ezgfra@ewn@nﬁ@ss@@te&deﬂ@ypwwvg@ﬁw%EQHPrhlﬁ)S\)H subgroup ||
NSYs MIATRYRNS MRS FYLENYSH LYRGLpaLhaR) © regions (SEQ 1D NG
31-32, 33 f% ‘:"I‘Q §3 ?E g g % g l9respect| vel y) human VH
subgroup I consensual A ertigh N3ES 2a ] lran VH subgroup 111
consens s fr I§ S gﬁsggstu §P EbN@‘é
192031 respecti vel
human Vi 2 rth“mgnscensuss rarrev\roE%ém nus extend eg&cgﬁéygr varpl abl e V)
regi 6n ts h(uS[EQ{J]L maw@Sngﬂwal ons@susdrameaotis(SEQ 1R N@S 4%l &2, mespeciplyy 16,
respectivel Vi ya MHoAGHER kel 6RO s NOS¥ISsgbat CDRs (SEQ I D NOS
39, 36, 49 'é Efé( ppﬁé% tive fﬁ Eurrgn VH accept or framewor k mi nus extended
hyper v?rresadlzﬂtniely)egl ons (SEQ | D NOS 14-15, 40 & 16; and 14-15, 41 & 16,
respective UYL ACSARh s R fah@BMQSKEQTDINGS $abrk 26DRs (SEQ | D NOS
39, 36, %L Eg( res ctl ve (i% %E'\s VO 2011/ 050188PCT/ US2010/ 053591 human VH
accept or 2 f reapetal® m nus ext ended hypervari abl e regions (SEQ I D NCS 14-
%2 & 16; ll(ﬁ?]%lir’zt‘lld% f%‘(]fﬁ{ne%q(r éoﬁ-éqé&c& KRuMABIDERTigHElSED IBavOSbl e | ght

(VL) consensu rame human VL k b
f r anmeworiR-1BSERFEI20, kEESCtivELy2 0, or«#ee@bw@arwréwd@ewgp %nsﬂlf E%&Pd‘ﬁoé U%S iﬁBsiﬂs
consensyg % @‘ c’rtl%elg Sﬁgdepo%aﬂa%c 1 NGB Chs il ﬁg&?&tﬂ/ﬁﬁhﬁdlcﬂ&rﬁ&ﬂnoVL kappa

subgroup 1 sens ramewor k (SEQ I D NOS respectivel
human VLacldappamsswbgvdmg)tolKﬁbébnsensus framework (SEQ I D NOS 52 57 & 2%)

respectivel yleURE 5: depicts modified/variant framework region sequences of huMAb4D5-8

15  light (SEQ ID NOS 17-20, respectively, in order of appearance) and heavy chains (SEQ ID
NOS 14-15, 43 & 16, respectively, in order of appearance). Numbers in superscript/bold
indicate amino acid positions according to Kabat.

FIGURE 6: depicts anti-hepsin antibody mab 25 heavy chain variable region (SEQ ID
NO: 10 and light chain variable region (SEQ ID NO:9).
20 FIGURE 7: One embodiment of an amino acid sequence of native human hepsin.
FIGURE 8A & B: Another embodiment of an amino acid sequence of native human
hepsin.
FIGURE 9: Inactivation of hepsin by 3,4-(iichloro-isocoumarin (DCI). A. -
Concentration-dependent inhibition of enzyme activity towards S2765 substrate after a 40

25 min incubation of hepsin with increasing DCI concentrations. B. Chemical structure of DCI

and its potential adducts with hepsin according to (PoWers et al., 1989).
FIGURE 10: KD1 competes with anti-hepsin Fab-phage for binding to hepsin.
Binding of Fab25-phage to hepsin in the presence of increasing concentrations of KD1.
FIGURE 11: Inhibition of human and murine hepsin enzymatic activity by Fab25.
30  Human (hu) and murine (mu) hepsin were incubated with Fab25 or a control Fab (ctrl Fab)
for 40 min before addition of S2765 substrate. The initial linear velocities were measured on
a kinetic microplate reader and enzyme activity was eipressed as fractional activity (vi/vo).
FIGURE 12: Specificity of Fab25. Fab25 (1 uM) was incubated with hepsin and 9

trypsin-like serine proteases for 40 min before addition of synthetic para-nitroanilide (pNA)
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10FI GURE 4: depicts framework regi on sequences of huMAb4D5-8 |ight (SEQ ID
NOS 17-18, 58 & 20, respectively, in order of appearance) and geav§/ cgai ns
(SEQ I D N@B 204/05618848 & 16, respectively, in order of appeasamosyisosNunbers
in superscript/bold indicate amno acid positions according to Kabat.

FI GURE 5: depicts nodified/variant framework region sequences of huMAb4D5-8
15light (SEQ ID NOS 17-20, respectively, in order of appearance) and heavy
chains (SEQ I D NOS 14-15, 43 & 16, respectively, in order of appearance).
Nunber s suhstra;esp@hesmmabl'udeme&bqtndwelatr@asmdm agdnatic poeroplptg meadeic®dr di ng t o

Kabat. = .5 %@E&prﬁgﬁg&%cmyﬁcl i VA pntibody mab 25 heavy chain

vari abl € ‘fegi on t chain variable region (SEQ ID
NO. 9). 20FI GURERE 130dehibitibobly Fab3t obmacapmele¢uias suhsirate Q@aﬁﬁéﬁégy B?Psgi‘at |Qve human

hepsi n. PR Eon8o'% pfgé-\ﬁ’lft gﬁ%@%g%y%@ﬁd TREHe 05t Fabh s H@Bsnﬁ%e@a&@q uence of

native human I nactivation of hepsin
3, 4- di clpfo@essmgsf)proulﬂ?arwas dednined matmﬁt@mmm@tsr@smpﬂﬁdyﬁﬁl lind¥i bi ti on of

Cnzyme & Pé_}w:stvyeré VAT B@%T(ﬁétléh\%&prlﬁé Radth bRl enarﬂpaczﬁf@ Wad BGHBRAI on of

hepsi n W reasl ng concentrations. em cal” structure of DCl and
its pot enfraca.bnaadctucwsv.mn By h@pﬁlamulé\%éfelﬂdﬁr%‘g"‘tedh‘{ wriglbitedagte gf uPA 19809) .

FI GURE 10, %P@g%gﬁ%&% ea% be @ﬁpﬁbazﬁﬁpumﬁa GeEoy HRibAtong to hepsin.

Bi ndi ng o age to epsin i1n presence o i ncr easi n%
concent tapsirosubstofe (HEEssife QURB25 was nerfhﬁnlﬁdtfpf&nkwnﬁli‘?ﬁﬁﬁte%rﬁj fagtr Ve hepsin

enzyat Iéﬁ\’laquwlgtlxagy nEi‘)b&% mM3P. W%{‘Vﬁ Q%va@@lg:yaﬂéﬂsin%s (Chikd b@psd 025 ver e

i ncubat a control ctr or 40 mn before addit
of S276% sdBdtiriathe. présh@euonahsme of Fabéépnd/m%P'tF%éctv!éﬁ@ waugRIPdon Z ton

ki neti ¢ ) AALE tRaVaEa0GErABM: RBEYRForRel FiBDMiNaGagiRRAGRAAVAS fract i onal
actlvt éf/ g? aaﬁ%n : ¥’Speglflglt;; ofai‘g?g% Fab%g (rliZI\/lpo\r/]vgs

i ncubat enjalwedfbyﬁ@ﬁs%ﬁléﬁféd@lﬂgwp@ﬁ'wl andgels6pinid prot eases for 40 min before
addi tion of %Y@Jlb@tlh%ff%%%f a5 %&inlt}l HRr anMked exposure to hepsin. The

15 CDR-H3 loop in Fab25 contains three lysine and one arginine residue which could be
potentially cleaved by hepsin, but no proteolytic processing of Fab25 by hepsin was observed
when incubated for 24 h either at pH 6.0 or pH 8.0. Proteolysis was monitored by gel
mobility-shift on a 4-20% (w/v) polyacrylamide gradient gel and stained with Coomassie
brilliant blue.

20 FIGURE 15: Inhibition by Fab25 of laminin-dependent migration of DU145 cells.

A. DU145 cells (2x10%) in serum-free Dulbecco’s modified Eagle’s medium were added to
pretreated upper chambers of fluoroblok inserts and allowed to migrate for 5 h at 37 °C. After
incubation, non-migratory cells and media were washed and those cells that migrated to the
bottom of the filters were fixed, stained with the YO-PRO-I, and imaged using an inverted

25 microscope. Representative images were taken of pretreated filters (laminin, laminin co-
incubated with hepsin, laminin co-incubated with hepsin:Fab25 complex or PBS control)
with fixed cells. B. Measure of relative fluorescence units (R.F.U) from cells stained with the
YO-PRO substrates which are reference subtracted for PBS-wells. DU145 cells treated with
hepsin processed laminin had marked increase in migration compared to cells which are

30  treated with laminin alone. Lack of laminin processing by hepsin in presence of Fab25
renders DU145 to be less migratory.

FIGURE 16: A. Activation of pro-MSP by cell surface expressed hepsin in LnCap-34
cells. LnCap-34 cells which stably overexpress hepsin were serum starved and treated with

1251-pro-MSP alone or in combination with different inhibitors for 3 h. Recombinant hepsin
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WD 2011/ 050188PCT/ US2010/ 053591 substrates. The initial linear velocities
were nmeasured on a kinetic mcroplate reader and enzyne activity was

expr essedwaeofwmsetssonal activity (v1l/vO0). FI GURE P81/Usediiolosisbpn by
Fab25 of macronol ecul ar substrate processing by hepsin. A Inhibition of
pro- uPA activation by Fab25. The effect of Fab25 on husi n-nedi at ed
5processi ng of pro-uPA was determned in a two-stage enzymati c assay. The
initial linear velocities were neasured on a kinetic mcroplate reader and
enzyme (al@tniM)iWay upaisas @ ppsiewswdtrelsSignificant morghsede piowISE progessipgvas By use of an

PA st
et er m REAMEOHE 4B cirifrty B et e b ol 45HiloR KO R REEYD *"E’é’s;?n“ﬂs
subst r al2), kDo @ad sitnlg phiy aﬁtaug@ﬁ Fal$ efieqtively rtogkddghe @tlkmwwf Bigbd PP B.
factor Y| 49 r(Fthéa)HG]-q})%£El?B#g xﬁ&geﬁesﬂﬁﬂl% -3FREALLnMp |34C<Jeﬁﬁvage by

hepsi n was car ri out e pr esence or absence of
Fab25 améreareamdmitdl'’Fpro-HGE iml présaise of wirieH EabpScopemration (3 WM MOH SciMavage

. lyzed b
Se- paci Peified 18 Sl RethBnaitb Rl 0 MRSt Bifo%y DS RN, 200 270

Fab25 i tSﬁgg'rcamtyncméaSeemnw HICEngmsse)gpw@b@f\teé afierpicamparpétothsoiet ef3hg oop in
Fab25 confal ns, 1,h 616&% R SblBo by frit He®uh d

pot ent i afql’e"mept Al {'ﬁg%sw%k Q(g(}y?w%ﬁ}ﬁﬁ@\r %,r ot eo ytic pr%ces‘gl ng of Fab25 by
hepsi n mmentbﬁnendqﬁnddnémammcubat ed for 24 h either at pH 6.0 or pH 8.0.

Pr ot %Ol ysi s ml{@p} tAO@ﬁ#acQ)ﬁlagﬁl)n @Mal\detvyas%@dftg mesufk e @19(%1% Wf\@ty

pol yacryl am de gradient gel stalned wth Coonassie brilTliant blue.
20FI GUREfABZS withadsive honarbyepfiniegalgtilutiensiofhepsigdp et abdrie 200 gYANFSn of DUL45

cells. A Rt élg :1> i)l%seglg(% %gﬁ Raptfrfel mbfﬁ £ 3 hR&CHA R diRslidtoadvakagl e' s

medi um were a pretr upper chanbers of fl uor obI ok inserts and
al | owed manitpied fatlé nflmrteSBFermtofW egperisfentat d3thgayp seiconilibrym difiogIRHhry cel |'s

and medig, SIvgh: Wi‘s’:‘m Jtawtf%bé %&&%&Omcﬂd'p%@djrabﬂm&ﬁci)ﬁﬁwﬁm@ of the

filters were st ai ne h and i maged usi ng an i nverted
25ni Ior ostipe. w@wnws@@atqa%stﬂtﬁﬁfﬁ'éﬁy meFsETeMERE Sepipl do't“fé?‘?sé’éf”é’d‘ef’ Tters

(1 amini ga%g to”kd’,[lﬁgwe.lef?@gg t%%m ?o;&ﬁ%'cﬁ‘ip »\l.ﬂ%,s}m@dmzsfmmm& with

hepsi n: conple contro h fixed cells. B. Measure of

rel ati verteleyaitieaimediseciatiort mte((Rp F.5WIR HiM)oras cleetnsinest byi steady sthte AnalYsS YO- PRO
substrates whjch are re rence t or PBS-wells. DU145 cells
treated ST APREYH ha%’tmécgg%onﬁeqt?%r:‘?nnﬁgt?f’?%ﬁ%snar ked increase in nigration
conpared to (F(B(BUREWbi Iséthamel t&ﬁmmeeetltsdnww%PbmnﬁpﬁF@Péh@d'“E&b%“&? | ami ni n

P 0O5E S| AR D RISF I GBhy PIER HOGA B bl o
expr ess egkpbaqis The dissotin@ayogstart éKd)S’ronLIrTCapﬁS@Nb@M @ffﬂhﬁe&ﬁxcﬁltled‘ﬂb’ YiGver expr ess
e L SR KA BRI S STh B W ahope ovs
kcal/mol and -16.3 kcal/mol showing that the binding is enthalpically driven with
unfavorable entropy. '
25 DETAILED DESCRIPTION OF THE INVENTION
The invention herein provides anti-hepsin antibodies that are useful for, e.g.,
treatment or prevention of disease states associated with expression and/or activity of hepsin,
such as increased expression and/or activity or undesired expression and/or activity. In some
embodiments, the antibodies of the invention are used to treat a tumor, a cancer, and/or a cell
30  proliferative disorder.
In another aspect, the anti-hepsin antibodies of the invention find utility as reagents

for detection and/or isolation of hepsin, such as detection of hepsin in various tissues and cell

type.

19



WO 2011/ 050188PCT/ US2010/ 053591 (10 nM was used as a positive control.
Significant increase in pro-MSP processing was observed after 3h conpared
to the stwotoofosotse experinent. | nhibitors KQLR ( SEQ | DrpRDUS2@/053sDL and
anti-hepsin anti body Fab25 effectively bl ocked the activation of pro- V5P
B. Activation of pro-HG- by cell surface expressed hepsin in LnCap-34
cells. LnCap-34 cells 5were treated with 1251-pro-HGF in presence of varied
Fab25 concentration (20 nM-0.15 nM and incubated for 3 hours. Reconbi nant
hepsin (10 riMe imastiansfadhes prayidspaicthpdseof svking and usgjegpatifepsimintibpditsease in
pr o- HGF I med. 3h conpared to the start of the
experi m%n({p.%%iﬁ?Wﬁg%\%??@g%ﬁnb%g?ﬁég%%%ggf fectively bl ocked the activation
of pro- dareraitecknigppecent r at i on dependent manner. 10FI GURE 17: A. Surface
pl asmon festlﬂﬁmgc?m;ﬁ@é Hé?gc&glrég%@é“f)c% dr RGerBhddhatginafd deibrhlly @E1I AD25 with

n rodertal

active human hepsi I lutions of hepsin (0.39 nMto 200 nM were
i nj e6t edndesstand@Vbcdmrosdn soPloxss; ysingicenyertingalurabirdalpzy by ioseskiled iR BE and t he

di ssoci gfi IhOTredvifiy Aineib&Togidsideichbedih St6roek pedl| ment al  dat a
gave thgltt’esg{ah %{%ﬁp&ﬁ,{shggg{ia }n(i)i%er ate (Ké:os 10, T bi ndi ng of

of 10.6.nM B.
Ab25 t 0 MmleuhePoningdh $abargtery MappkBrikicdision €00 frold ?Pfg"gl%aé‘?fffi@??fe}"was
measur ed by @g@ﬂ%ﬁ ?%?038 %{({V’b@iﬁmﬁemrr@@@ns N MBIE@ULAR BuOLOGY of

pro- hepsih were injected to a CNb chip with

hi gsensor
capt ur edF.Ab2sushioal, epalngdsy(2993))Tthesesl FHQW%%\S@P&HC%&%&%“‘E KD=
5. 524AMp é’é’?ﬁnc@)‘?bék@ ARGk AVYTIEWE AP R LIS (MR MAS Plferdon OBI 1 Hahies aief GReg agai nst
n

t he 'Concentratlon of pro-hepsin. FIGJURE 18: |sothermal ] i gn
cal or i . Taylorsdpel §95dnHadw mezme.sin I B AYTHRLTY M{i&#ﬁe

associ aty ey a§2&1d QAL XLRRINTURIB( 1if@had0tciogmpt ry of binding is 1:1
as expecl\{lgﬁp'@he (ﬁgsoci ation constant (KD) fromITCis 6.1 nMthat
correl atifingiopel | ently with the previous data from Bl Acore. The ent hal py

(AH) and ent rQpy,(EASkBhapisBHE IBicRAR bedvidbntifieabideebaratadiandlds. 3 kcal / ol
showi ng that the binding is enthal pical Ié/mdri ven. wi th unfavaorabl e entropy.

25DEAI LIERVDESERNRTPOROEAt qfifs npiaEgpvirefnent. Contapnant coOMBONCRISOLBS o 1y pr ovi des

anti - hepgi a1 2iitdARdhSse mbetial@wRick $8h1d lintérie wih Giagnostieatih@ateutir usps event i on
of disease states associated with expression and/or .activity of hepsin,

such as fonthe entibedy. anpmay diclyde enrimes haronss; 13 Aiper BIVFAACERA °bxpr essi on and/ or
activit ynonhlgn BB uS SIGEN. TR Pleforrell BMbadHnEMQ theamtibddytwib be pwéfieti(Dricar e used to
treat a tuhor, a cancer, and/or a cell 3%@; O+I {,er‘atn'xe\ﬁ?odd&n%% er. I n
anot her gisgserdhan 9t5%el?§/a‘h‘i‘ghtWéﬁibﬁdyaﬁtdﬁﬁﬂﬁ'f’ Yore thevihventi'on Tind utility as
reagspt s, L RFabAGh&GE tHaR DoAY vight, D) tah deiecauffivins forobtabiua fieasts! Sdesidves | on of
hepsin i hvarrous ti ssues and cell teylg)e. - 3t
of N-terminal or internal amino acid sequence Dy use of a spinning cup sequenator, or (3)to
homogeneity by SDS-PAGE (sodium dodecyl sulfate polyacrylamide gel electrophoresis)
under reducing or nonreducing conditions using Coomassie blue or, preferably, silver stain.
Isolated antibody includes the antibody in situ within recombinant cells since at least one
25  component of the antibody's natural environment will not be present. Ordinarily, however,

isolated antibody will be prepared by at least one purification step.

An “isolated” nucleic acid molecule is a nucleic acid molecule that is identified and

separated from at least one contaminant nucleic acid molecule with which it is ordinarily

associated in the natural source of the nucleic acid. An isolated nucleic acid molecule is
30  other than in the form or setting in which it is found in nature. Isolated nucleic acid

molecules therefore are distinguished from the nucleic acid molecule as it exists in natural

cells. However, an isolated nucleic acid molecule includes a nucleic acid molecule contained

in cells that ordinarily express the nucleic acid (for example, an antibody encoding nucleic
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wei gyt , ﬁgﬁg’) id,9 h@avg%gglﬁeaﬁalﬁfefdoﬁl'aﬁx%ayt|9clﬁ’cl%ta5§'|d§leaémJ\@@fﬁd ind&t (r@fduelyes of

N-term intérnal amno acid sSequence by use of I Nni g cup

sequenatamordmgm(l@))ati often sasisiye PPl 2 ayd '%@A@%%&h"ﬁﬁ‘ﬁ“&% $4b. & f at e

pol yacr 395@ T IE L8 C%{%l Efbhi) Qﬁé}%@ﬁ%‘ cBdin ‘Fﬂqgsrldu'é 9 UGh&RIakak ndiRerias vE | ng
condi tions using omassi e blue’or, preferably, si]ver_stain. ol at ed

ant i bodyesidves Iuébelse defpam g fqy@cgyven Antdiody byl iEAmatabregiont piipmolagy I°§ i nce at
| east 0@gaéigrg&%mgQ%od?fwﬂmr&e‘st@mahpmat%uﬁlﬁ&’éd Sdquéravi ronment will not be -

present nari | owever, isolated antibody w || epared by at
| easlts one pufh¢ P*E%SF ‘sibstantialy similar,j §015'§15@ﬂ“a'Wqu Bme: é&f‘ﬁ’ E‘B uleis a

nucl ei ¢ agd.d a@l“fﬁ:fe'ﬂ l?hfgnﬁggrbesof‘sﬂﬁmxbfﬂe%eﬂﬂdo FeRRcahRes (genliglont east one
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t he nat ws®kiatsd withan emtlhoﬁboﬁbwweloaewa‘he ather asgpeifed Vil ei ¢ aci d nol ecul e
i's 300t g@frereksz‘{&rﬂpgrato?gntfb‘aHWs%h thfttohé BGkiiNin\hY Bhwddld edmsidetnaldifferent ur e.

| sol at ed nuc aci d

between the two values to be of little or no biological and/or statistical significance within the

20  context of the biological characteristic measured by said values (e.g., Kd values). The
difference between said two values is preferably less than about 50%, preferably less than
about 40%, preferably less than about 30%, preferably less than about 20%, preferably less
than about 10% as a function of the value for the reference/comparator antibody.

“Binding affinity” generally refers to the strength of the sum total of noncovalent

25  interactions between a single binding site of a molecule (e.g., an antibody) and its binding
partner (e.g., an antigen). Unless indicated otherwise, as used herein, “binding affinity”
refers to intrinsic binding affinity which reflects a 1:1 interaction between members of a
binding pair (¢.g., antibody and antigen). The affinity of a molecule X for its partner Y can
generally be represented by the dissociation constant (Kd). Desirably the Kdis I x 107, 1 x

30 10'8, 5x 10'8, 1x 10'9, 3x 10’9, 5x 10'9, oreven 1 x 10" or stronger. Affinity can be
measured by common methods known in the art, including those described herein. Low-
affinity antibodies generally bind antigen slowly and tend to dissociate readily, whereas high-
affinity antibodies generally bind antigen faster and tend to remain bound longer. A variety

of methods of measuring binding affinity are known in the art, any of which can be used for
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nol ecul es therefore are distinguished fromthe nucleic acid nolecule as it
exists in natural cells. However, an isolated nucleic acid nolecule
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the nucleic acid (for exanple, an antibody encoding nucleic WO
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25i nt eract ons

bi ndi t f
ant i bodyymesnwithi @ b%\é\'v’ewigfﬁ g@)‘SI 3% (l’af\é"reln ?’@IF’S"‘ esshlé}‘Fe%{f%fil %@W) Weﬁlﬂ{r %’é’é'?lf"ﬁdl cated

ot hepyi s ISR PRGGRS) Ty adddd, Bl hgpiaks krelcéamedro@faaro‘pcdnmt gamrtma amher bi ndi ng
affi ?l(}‘mt yﬁwv\)r% ch refl ectas)a al 1 int er%ctl on betwe | nd| ng pair

(e.g. a(ﬂaclﬁuﬂforaﬁdmm@é&'?ye"tfm@sﬁf ?ﬁchf?ti/th@fg“ff lﬁiﬁr@&?f gq‘?ﬂf)gg% Ys partner

Y can geRGLifHal Mmhﬁg 5@@1’3&5@% 8¢ iPYorh itk Si6ARE @Ed}@n mmtn@m aroet} . Desi rably
the Kd is 1 X 104, 5 x 10-8, | X 5 x 10, or even 1

x 10-10 @nb@ﬂmmﬁ@i@r‘(d %foq Yalueys @%U%%bhéﬁwﬁacwaswmﬂ“%‘i H5HE known in

the art, uén%al HN R ™D eGEordaNALs U308 éBIAﬂ:oreLDW- afstdtawdyyNanit 2isedvids
gener al I y bind antigen slowmy and ten

cigte readil er eas
hi gh2af f immebjlizedentigsa s dentet ald vspﬁpﬁd‘“gh&‘é %"F LCEPORMPPI (o remmin
bound | 0gg&fan bdsehdsrichipY (15 NEBARSEInOf ardRaiSAted Wigh Nietdil-dO- @f f i n| ty are known
'n the a[1}metha)'?a¥nn?(]:prggglll)?cgrb%aal?mlt()ig h;"ldroccexlorlde (EDC) and N-hydroxysuccinimide (NHS)
according to the supplier’s instructions. Antigen is diluted with 10mM sodl_um acetate, pH
4.8, into 5pg/ml (~0.2uM) before injection at a flow rate of Sul/minute to achieve
30 approximately 10 response units (RU) of coupled protein. Following the injection of antigen,
1M ethanolamine is injected to block unreacted groups. For kinetics measurements, two-fol({
. serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with 0.05% Tween 20
(PBST) at 25°C at a flow rate of approximately 25 ul/min. In some embodiments, the

following modifications are used for the surface Plasmon resonance assay method: antibody

22



WO 2011/ 050188PCT/ US2010/ 053591 pur poses of the present invention. Specific
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by a radi ol abel ed antigen binding assay (RIA) perfornmed with the Fab
version of an anti body 5of interest and its antigen as described by the
follow ng assay that neasures solution binding affinity of Fabs for antigen
by equilibrating Fab with a mnimal concentrati on of (1251)- |abel ed

ant i genisiimntohiizgt to ST Biosshsaa chips togchiovs approkismtaly 409 Gsap &1 kistis gen, t hen
capturing.boun i | Io an{ | RinkChen, et

al ., (158@5)urej".eqﬁ/t)atlwo @@grmngg%@o@%gmggﬁaeggé%sﬁgﬁnpﬁgﬁkggggil ﬁaong for the
assay, filosrégtniM)are ipjeateé in RBSentier atr28°€ ovtheflayvaterif gbrut IQumIUS: Rg/ M of a
capturi ant.i - F t . - ] ralt easbpnat e (pH
9.6), angsosc{? '%%8%@8‘?’9?“@?%%"’12% V\A&t% %1 (%&Q?%ab?la%%yﬁ%%?er% al bumn in PBS
for  two Lagenfintendingimedeh (BlAsommEvelnpion Sofivare Vaision 8>3 Rusigiwfanegey fitting, 5

non- ads¢ reba%‘srcl)tciaﬁérf&n d(s%noﬁg&?gég}n T%QthﬁMrﬂfm diSsobMidnlcdaddm adyigen are

m xed wih Seria iTutions o Fab of |nteresth$le. .. consistent with
assessmeattulatd arthantip kG Seate dehen, ¥atsal.X199% J- ‘é‘sg¥91-@931§?5.'§81(i 97)
Cancer Jt e%e§rhte%Zée%§sgl%6ﬂ/?‘.9§)b tIQ?urFa@pplQ;mdnr}Es%B%E ads@y 40306 thoRGhemt ?d

over ni ght” "However, the incubation may continue for a |onger period (e.qg.,
65 hour ste tan ierdstermaingchiast usingu fluorss¢anhavenchingderiaigue thabipeasredine INFasey xt ur es

are fransferred f %%%'&é‘icﬁx iRk E (JxPhatiol SWO8hinOBmasion ©080 ffMBEr At Ur €
(e. gl.o, foépeccr)er?ee Wgﬁlf’ﬁep&? e slol utli on ?é xt hz:arcl) renoved and the le?htee washed

d ‘
ei ght t inmeandipess) 8.25% Theedndpati-antigmantivedy (Fabrfermy B P BS: Mbié Bfed, 150
RI/vel | %s c%'lomn'clfzgs%%co%ge(n%%ng§Fén‘?i%én2'«g;méaﬁﬁ&ﬁih(a)spéC&OQ%f?@UCha@d the plates
are courntéd on a Topcount gamma counter (Packard% for ten m nutes.
Concent rsip-fiavsequippedistsctrephomeian (Ayiviastiugiats) o 08P-seiies M- ™96 of  maxi nal
bi ndi ng ar f IRomOaLd &it A cieddi Ng assays. According to
anot her S@eggg&ﬁrﬁ{lert(ﬁéerﬁgg%érc ?(deal ue i S r(;e,asur ed by ,usi ng. surface plasnmon
resolance assayonuae’he “satBafAsoeetan]-op EPCHion A AL ot 4BH8 ' Bl Acor e,
Inc., Pisc gm@%. DG Wi the S5 SRR pi&86n ARbage@nedMauehi ps at - 10
responsemtﬁeﬁn:il S Fg&&&%?t%rgﬁl y,TMcaret:)oxyemet h;er,\%t ed dﬁi(tra? biPoseinsor chi ps
(CVb, Bl dwsaited hbrye )ising @ Bhqors, at2800 o & BIARerst hy0NBIAGRE, Inc., Fisca
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bef ope | ﬂl’_?&td!n(?éghdﬁj)&miﬁoJr!)M-d’aﬁ;o@ihﬂfdeS?ﬂrbmld}kaEIpO) aehi-aydio:3Gapminie mat el y 10
response units (RU) of coupled protein. Fol lgj\éyl ng t‘ggol &)e%t i on of antigen,
1M et han6¥iSianeording forfhespalier s onsHHEIoRs: (MPUEER 1&g 3B RO K™ het i cs

measur enpit.ge pi%, it %lg?rﬁf}@huﬂi) berbicamectioh afzaftow Ate’d SpMninnte308chigvE ar e
injected in PBS Wi th O.05%
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appr oxi mapps¢xjmatsly 10 19sppnse unifs @b’ﬁﬁf%’Hﬁ'B%IP'ﬁéﬁf i:?gcl"h'gg ‘E‘"Sl"fj%c\}\'/lo?@{aa}’rr%g?"fi cations
are used W&ha%l/“'ﬁm%rii iﬂ%@teﬁ’t&ﬂmmnreeawgrac@. Fsslayetive aatitenants; thodyld WO

2011/ 050188PCT/ US2010/ 053591 . .
75  serial dilutions of Fab (0.78 nM to 500 nM) are injected in PBS with 0.05% Tween 20

away,

(PBST) at 25°C at a flow rate of approximately 25ul/min. In some embodiments, the
following modifications are used for the surface Plasmon resonance assay method: antibody
is immobilized to CMS5 biosensor chips to achieve approximately 400 RU, and for kinetic
measurements, two-fold serial dilutions of target protein (e.g., hepsin-I1Ib or —IlIc) (starting
30  from 67 nM) are injected in PBST buffer at 25°C with a flow rate of about 30 ul/minute.
Assbciation rates (kon) and dissociation rates (Kofr) are calculated using a simple one-to-one
Langmuir binding model (BIAcore Evaluation Software version 3.2) by simultaneous fitting
| the association and dissociation sensorgram. The equilibrium dissociation constant (Kd) was

calculated as the ratio kor/kon. See, €.g., Chen, Y., et al., (1999) J. Mol. Biol. 293:865-881.
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example, “caps,” substitution of one or more of the naturally occurring nucleotides with an
analog, internucleotide modifications such as, for example, those with uncharged linkages

(e.g., methyl phosphonates, phosphotriesters, phosphoamidates, carbamates, etc.) and with
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The term "vector," as used herein, is intended to refer to a n [ [
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vector, wherein additional DNA segnents nmay be |ligated into the viral
genome. Certain vectors are capable of autononous replication in a host
ggl:lt i ntl?}arg@ldnmhag‘eh@g ,hesphorothimtes.aiiogpborgdithiepigst ee ). dosq eutad}i8e havi ng a
veot g::lsaff}g r&ln% 9218?1 sucha?lflopg)}ah]gnﬁ@%gmg@é %%lea&?'f@ﬂﬁ@ﬂt%@d%@gﬁg@ﬂ5) Q her
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nucl ot i dé’%d ?%erﬁlasaéémgggyé“gp&el %tg(géﬂasq%ﬁmédo\?mgﬁ?hgﬁgh? gl'f gﬁ?ﬁg | ggn be
i ncor porm@dnmatesoﬁfrwollyw%(ﬂ c@@onmw%ptmgy?w nEpRee beflerigglized ©ynt het i ¢

reacti Moy B o¥eck‘ﬁ%§85§sd§> pﬁb(cnéb%mrc'a,wlsm'tafm ﬁﬁld@b&ﬁ%'feﬁisldieﬁose%Ch as

net hyl at® S an
nu?:l eot |diex)8tbbmugmethnme b@elaﬁ%gm?"ggn %l@fsa&r l?ilﬁﬁlﬁ‘ngsfgg‘%xaﬂg‘ge#rbé &%g‘f Ptn hfao the
pol yner . T(B‘ewﬁeﬂ%QFo-Peotdl}g;%'-r%%Eé d860cyBY siar 3RAIGEsEAlphaRineetysugas; nucl eot i de

conponent s ol ynuc be further nodified _after th
as bys cosirugatsigms wich hs @athindselxy OSESHE 1Y XPSPSRY TIPS RY R |ﬁt'3‘qu‘6ﬁs 'irghcleﬁ:jz ;‘5 lcj)(r:h

exanpl e, “caps « SHRSE £ Uik balb BuPos I sidies Mathyt dbd
nucl eotlﬁgg ‘%I A % 1t‘1og,h 2?‘nteranuc‘lJ egtSll de ndbgglstl C;tlt(?lr}]ls ﬁé%ﬁoggur;gpg

exanpl e, otthos phomhddleamchldqag@dnqymm’é%éd bypaltgrmatiyglinigne sEppEn AR es

h
phosphot 1 estiel i RNBSRRARNIIAeSve n6ARRRIR, aboSinens wherdinphbdphatti

Shosphor sl (@ Ceiane), Fbeemone WoREs semidiy ARPRPPRIBRILER 22 o
exanmp) e, Bf Qi Ri NBrofachtal”), WEhRASAR R erlmdepaﬁ&ehhpmoembssmgd o e e
unsubstituted alkyl (1-20 C) optionally containing an ether (-O-) linkage, aryl, alkenyl,
cycloalkyl, cycloalkenyl or araldyl. Not all linkages in a polynucleotide need be identical.
The preceding description applies to all polynucleotides referred to herein, including RNA
‘ and DNA.
25 “Qligonucleotide,” as used herein, generally refers to short, generally single stranded,
generally synthetic polynucleotides that are generally, but not necessarily, less than about 200
nucleotides in length. The terms “oligonucleotide” and “polynucleotide” are not mutually
exclusive. The description above for polynucleotides is equally and fully applicable to
oligonucleotides.
30 “Percent (%) amino acid sequence identity” with respect to a peptide or polypeptide
sequence is defined as the percentage of amino acid residues in a candidate sequence that are
identical with the amino acid residues in the specific peptide or polypeptide sequence, after
aligning the sequences and introducing gaps, if necessary, to achieve the maximum percent

sequence identity, and not considering any conservative substitutions as part of the sequence
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peptides, ply-L-lysine, etc.), those with intercalators (e.g., acridine
psoralen, etc.), those containing chelators (e.g., netals, radioactive 1
nmetal s, bwoanii/suisdative metals, etc.), those 5containi mgTalskylbasses, those
with nodified |inkages (e.g., alpha anoneric nucleic acids, etc.), as well
as unnodi fied forms of the polynucleotide(s). Further, any of the hydroxyl
groups ordinarily present in the sugars nmay be replaced, for exanple, by
phosphonat e groups, phosphate groups, protected by standard protecting
groups, |cteht|t&C1A|hglatl®(d fdr(purmpepaf deteauidiing preght amino adid ssRegresidewityertitei onal
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and 3' f€ be phosphoryl at e substitute am nes or
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epl neric sugars such as arabi nose,
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acycl | ¢ ENoBsuant . BARG: BHEL.cON HPnBARlans Hekn aenBRUAYh Tahib0S! de. One

nor e ages nmay be repl ace alternative |inki
gr oups. AT hﬁs\e Thd ALIGAY- EVQubncnlcomgargomw@uwnmoaﬂ@ wmwthafeé BYot i mi tleggt 0,

enbo nment s _whe "
(" di thi ¢ etngmsch {ng) &@Q 911395 ﬁs) been ﬁleﬁ%f?tlh%%ég;élod%ﬂnelﬁ(zag)élgmgpé b'Soat e"), P(S)S

("for na(xectpahgl)t Offige, Whlsluhgterabﬁi F206$9 Reherie dt i Wﬂé}ﬁé‘ﬁd’éﬁ?'lws I-‘F%’V"%‘lﬁbstl tuted or

unsubst i I\lf C I
iy 8(?87 ImORL (ﬁﬁ% Jor&iR AbINING aARbIeTAGIeh (- 0-) |1 nkage,
aryl, al e¢§ ,'O"c cl oal' ky cycﬁ dr gror apr%al d?l .a Not al Ig |(I n ;ges |nga

pol ynucl@mentdex heedmlub ShriEnandissal Calrfmnagr paphe FrRied EPmiks YHESMSi es to al |
pol ynucl eot.i,d ﬁ Oéf\?bﬁst%/é(ﬁSﬂerﬁl'eleGﬂci Hggrﬁﬂ s BebnipiAd for use on a

25" 0 i gohucl e as used herein, generall
refers to shor
singl®e SUNE(\dmhtmg system, preferably digital UNIX V4.0D. AXI sequence comparslso?l t. generally

parameters are set by the ALIGN-2 program and do not vary.
In situations where ALIGN-2 is employed for amino acid sequence comparisons, the
% amino acid sequence identity of a given amino acid sequence A to, with, or against a given
amino acid sequence B (which can alternatively be phrased as a given amino acid sequence A
20 that has or comprises a certain % amino acid sequence identity to, with, or against a given

amino acid sequence B) is calculated as follows:
100 times the fraction X/Y

75  where X is the number of amino acid residues scored as identical matches by the sequence
alignment program ALIGN-2 in that program’s alignment of A and B, and where Y is the
total number of amino acid residues in B. It will be appreciated that where the length of
amino acid sequence A is not equal to the length of amino acid sequence B, the % amino acid
sequence identity of A to B will not equal the % amino acid sequence identity of B to A.

30 In some embodiments, two or more amino acid sequences are at least 50%, 60%,
70%, 80%, or 90% identical. In some embodiments, two or more amino acid sequences are
at least 95%, 97%, 98%, 99%, or even 100% identical. Unless specifically stated otherwise,
all % amino acid sequence identity values used herein are obtained as described in the

immediately preceding paragraph using the ALIGN-2 computer program.
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generally synthetic polynucleotides that are generally, but not
necessarily, |less than about 200 nucleotides in |length. The terns

"ol i gonucweabiidsbisand " pol ynucl eoti de" are not nutual | yPexalsesiowsssoimhe
description above for polynucleotides is equally and fully applicable to

ol i gonucl eoti des. 30"Percent (% am no acid sequence identity" with respect
to a peptide or polypeptide sequence is defined as the percentage of am no
acid residues in a candi date sequence that are identical with the am no

aci d resi due¥hd tarm frepgplae$ Bsed hgreipt tiettes, wirless speg ffeplly atesontexfuadlydedicatdd: er

all gt NQuleRfis RUISAGRR 20 dﬂnpflép?qlﬁgfgﬁ%ngépﬁle thrn AG6RIRAReent 0 achi eve the
maxi mum per cent sequence | consi deri ng any conservative
subst i t ypécreslaencpmpassasatutadly 9@@@@%51“0&@ foomsi(e @501 g8rRCT ulssdom@n 053591
identit f SRS eBaﬁ‘EH&?] J¥iste ' aci d sequence
i denti t);ée ﬁ\de%gggrg%f]%\%g ?%%ar ?ec?usncg)/a )ﬂ arr@g\%&ﬂ g%skl Il in the
art, 5f orltemativalyseliced $ormg) gndimiatuedlly- oavailm%llebc mwpﬁet Ehe tet t\wéd-te/ps uch as
BLAST, % B0 ARImAQLE MR fencERP 3 Rarittlly | €d i N the
art can gét% ergr%h"ergéwar%%% |E{g?i’a“l"&tlarZlmst erg or rrea'surql%ﬁréc h’? atnrre%l

i ncl udi regeuamiyg kepsjo proteimsT h?éeue‘avwddywdwp%%eqmﬁ’ﬂmmerany gfﬂﬁ%ﬁtan@méw the full

| ength_ Qligt0feRRANRRGRS kP oCORREMEHin PincRHLBARER, REKEL BequbReever. %
am no acl quence identity values are generated using the sequence
conpar i depsicpaiyrepéde qomptjses theamighacid seqpraged P ECH® NEi#sI(e &igvsubcé code for
the ALl GNe %n%&rqgm Aaavpgeayéng@ﬁep'sm pI@Bép%déca?ﬁArm thd BRindladi @éq%en%eqwence
conpari son conput er program was authored by 10Genentech, Inc. and the

sour ce CUURIThHO:43deen Figure® with user docunentation in the U. S. Copyri ght
afice, V\ashhﬂgis&;b %&m&%ﬁ% oMARL SN thetedt, rnﬁegﬁss;r%ﬁﬁ tidd). S. Copyri ght
Regi stration No XU510087. The ALIGN-2 programis Ip cly avai | abl e

t hr ough 2Geeralivt ancaktivel hepsin pelyRAPHdSandafingthhereie Bavingat i'elaéirah?‘& 86% adgP be conpi | ed
fromt heacﬁi%‘:’i'lfﬁcecﬂ&%t}p&ﬂy érg'Q#tHerhamee sg(g?ené@n%ggm 6&%5&6 sea_ltfb%c&lah G\ 2 program

shoul d be co or use'on a erating system  pref erably digital

UNI X1 5v4 . diplos her@@qir@héepswpt%wawsanﬂ@r for gswnecehensip rolyeentidra: 2

program @E}qe il On W imo¥dnfino acid residuél a$é ddded, 'opﬁb‘iet&hﬁtrtﬁe AL b tgmiisus@rpl oyed for
am no aci Se uence Coerarl sons, t he %am no acid Se(:luence i denti ty of a
i

gi ven amatiee zaemeia%eﬁgéwe Ardiggrilyyp hepsingolypgatids yeriant yill kaye aidrashadaps o

sequencego, M\{ﬂb Ghd %nerﬁbﬁcﬁhn@t d1¢Bladiveeat mﬁt%&d 83%, 809G, 85€4) 8&%1 g%, aci d
sequence A 20that has or in % am no_aci gf) uence identity

to, withd6% r87?§’g§§‘7n58t9%a981%v%1:2§?r/%83‘ya&4& eGuibe’B) 918 « 'Pcéd as
fol I ans: 5 i QqlehbPBiRerdtiRe td 4 Afive SqueHcd hepsin polypeptide sequence as disclosed herein.
Ordinarily, hepsin variant polypeptides are at least about 10 amino acids in length,
alternatively at least about 20, 30, 40, 50, 60, 70, 80, 90, 100, 110, 120, 130, 140, 150, 160,
170, 180, 190, 200, 210, 220, 230, 240, 250, 260, 270, 280, 290, 300, 310, 320, 330, 340,
350, 360, 370, 380, 390, 400, 410, 420, 430, 440, 450, 460, 470, 480, 490, 500, 510, 520,
25 530, 540, 550, 560, 570, 580, 590, 600 amino acids in length, or more. Optionally, hepsin
variant polypeptides will have no more than one conservative amino acid substitution as
compared to a native hepsin polypeptide sequence, alternatively no more than 2, 3, 4, 5,6, 7,
8,9, or 10 conservative amino acid substitution as compared to the native hepsin polypeptide
sequence-.
30 A "tyrosine kinase inhibitor" is a molecule which inhibits to some extent tyrosine
kinase activity of a tyrosine kinase such as a hepsin receptor.
To "inhibit" is to decrease or reduce an activity, fﬁnction, and/or amount as compared

to a reference.

27



25where X is the nunmber of ami no acid residues scored as identical matches
by the sequence alignnment program ALIGN-2 in that program s alignnent of A
and B, amsowhewresosi s the total nunber of am no acid regcudmwssoionssBo1 1t will
be appreciated that where the length of am no acid sequence A is not equal
to the length of am no acid sequence B, the c/o am no acid sequence
identity of Ato Bwll not equal the % am no acid sequence identity of B
to A 30I'n sone enbodi ments, two or nore am no acid sequences are at | east
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"hepsi nr]gwm%use E’éclrdgilng%erpg(ﬁeelﬁ’;%rﬁt?rﬂg %tglgmg%g@fl% ?%:égﬂ%nsr{%?eocfc;ﬁt extual ly

| ndi cat efgtepnined tibs @resend irathg sampd ergeldr vari ant hepsin pol ypeptide. The term
"native sequenc: LUk tryincat ed
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hepsi n pol ypeps &y anﬁﬁod}eﬁs' éﬂ%ﬂ:’tll;&S'%aplsrﬂ@{\/doﬂﬂjgﬁEd {loasterAME m8RBIaM no aci d
sequence identity wth any of the native sequence hepsin polypeptide
sequéhcesichss ABtdedemeisEPr Al Such hepsin pol ypeptide variants include,
for inst ance’AMHﬁéd} rao.lngaemuo RS HIBH&IsHc01R deSighEidanAkEdRGs @i d 1 esi dues
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sequence\’vhleil msrﬁﬁqswe orgmere pEha bigkeirakahpieetarisyiss piihat aU\ﬁ ody WRIFB at | east about
80% am ngg tﬁ%h ﬁ%mﬁe?ahﬁ’&mekEthbnﬁdtfleﬁerb@hb‘éﬁtﬁg\énat | east about 81% 82%
83% 84% % 86% 87% 88% 89% 90% . 91% 92% 93% 94g gi? 96% 97%
98% or 99% dpiorser @G&fé?fﬁfoéé'ljﬁéﬁ’l‘é%w'i"ﬁ‘é‘ﬂf“i' f";P“ epiiorg OHQP?\‘}égeE HIEYEE  hepsi n
pol ypgpt Lf.Sesinaes ﬁ%uﬁllﬁes&és@-%ﬂ!éklhgEﬁhﬁuc@sﬁhﬁ@éichﬁed ineyasibsdissani ant

pol ypepti des ‘are at |east about 10 ami no a n nat| vel y at
| east abbthoragy Mygual4old §efmgérbafb0fc¥ab‘§6‘°fy95 ‘Jfg \%Q@eﬂ%@g - “4h0, 150,
160, 25 yapdrRhhedo0! ypeptides will have no m)re than one conservative am no

acid substitution as conpared to tive he si.n ti de sequence,
al ter nat i vel yTn8craise é“et*!r‘}TEﬂ‘f?Oft@e a“&‘b"‘g es og polyp p§de atﬁ/ Rgl@ ©aBHe&f\Vati ve anino

aci d subgdguéndtd d?rt'llnﬁﬁwé}ﬂﬁﬁadn@@art fatesahafd héeeﬂﬂﬂrb&idmgrk@ltme@thed&tllﬁﬂguence
AP SAR I AR ] bitor dI Sri ednE:)I e?%fPatent%th 9171) bl!'or examo lesorre extent
tyr 027 ne(especially an antibody fragment), as desc g )

nucleic acid molecule encoding the salvage receptor binding epitope can be linked in frame to

a nucleic acid encoding a polypeptide sequence of this invention so that the fusion protein

expressed by the engineered nucleic acid molecule comprises the salvage receptor binding

epitope and a p’olyp'eptide sequence of this invention. As used herein, the term “salvage

30  receptor binding epitope” refers to an epitope of the Fc region of an 1gG molecule (e.g., 1gGy,
1gGa, 1gGs, or 1gGy) that is responsible for increasing the in vivo serum half-life of the IgG
molecule (e.g., Ghetie et al., Ann. Rev. Immunol. 18:739-766 (2000), Table 1). Antibodies

with substitutions in an Fc region thereof and increased serum half-lives are also described in

W000/42072, WO 02/060919; Shields et al., J. Biol. Chem. 276:6591-6604 (2001); Hinton,
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ki nase activity of a tyrosine kinase such as a hepsin receptor. To
"inhibit" is to decrease or reduce an activity, function, and/or anount as
conpar ed wo 2a1wveshmgence. WO 2011/ 050188PCT/ US2010/ 05359 T/US2010/0533pDt €i n
"expression” refers to conversion of the information encoded in a gene into
messenger RNA (nRNA) and then to the protein. Herein, a sanple or cell that
"expresses" a protein of interest (such as hepsin) is one in.which nRNA

encodi ng the protein, or the protein, including fragnents thereof, is
5det er m-h&lt(helye 236318216 (200M2 canpther epbodigient, the serum half-lifgean also

| MUNOC O HOAKE rdee HrRNC BANARARNE Yl PRI Bl Sa@fces APLIARYINE T UG cONj ugate,

or "ADC") neans an ant dy conjugat e one or -nore cytotoxic agents,
such as amtibétkgsor hiberapedipeptidennsshit in the tethbgds of thyrinvention ¢ehibbittashed tagent , a

toxi N ( Esoflm aiurkth Bf £petibiPdf BrunPhlo GRANHPE &R e 1R rkEribOif sleifn Dacteri al,
fungal , plant, or ‘anl'mal origin, or fragments thereo 3 10or & radi oacti ve
i sot ope 4lbungn binding peptide omhatrgrua) albumin bindpto'thd adikpdyper palypertidel\e-or an

anti body,,," W Sho Wi che o viAdh DA o} ' ' activit
o the. suePRARRBRSCqunces B sl in 0D PSR O hEBIRERASBNARLAShe 2811 V1 1Y
ant i bodi sssincdhyhiatredtideitnbe aitaghed sempiiisos yrfnia acdd seavencgobf the anti gen.

A nakednﬂmﬂalwﬁ&ﬂw GEANDAG] B shétil: eh&oa&gn@fﬁ@mmﬂ%&q alFdp s het er ol ogous
nol ecul e, 15such as a cytotoxic noiety or radi ol abel An anti body

havi ng aincigased byythesel meihnds.agaeaysosPenmts chal. & Bd@s‘?’g?na?éhj%)ﬁﬁﬁéw;ﬂ@@) one whi ch

POSSEESeR Mfn bulR indie febfiddleledgdscal characteristics of that antibody
which distinguish 1t fromother antibodies that bind to the sane antigen.

In order to Jbord@emeny isaprantyorirton ofpipelipaptidionycigic agidinagsaledhptan anti gen

bound byco%&ir%,gﬁ%ial?@dé{ 186+ 1094, 20%530%, 3090569 o4 70K S8k, B0kKd, BPsaiSay such as
that described rn Antibodies, A Laborat ory Manual , Col'd Spring - Harbor
Labor at omgre ofthe eptire dspetired tRdeicyneeanelec rog@olecylgpor palyprptifo ranfigement 1o

i ncreasegbhgntdl fo, bb 8, &, sb e, RNkH,R 880,200,200 Y400P300d600c rthét ni Ng t he
ani no aci d sequenées of this invention, one can attach a sal vage receptor

bi ndithg wisieetifss of & 2R3 Oafit iSBAly 7250 p Y B0 YACah6RAB-B8H0P PaBent ) , as
descri begids®rthore. i N US Patent 5,739,277. For exanple, a

The terms “antibody” and “immunoglobulin” are used interchangeably in the broadest
sense and include monoclonal antibodies (e.g., full length or intaét monoclonal antibodies),
polyclonal antibodies, multivalent antibodies, multispecific antibodies (e.g., bispecific

20 .antibodies so long as they exhibit the desired biological activity) and may also include certain
antibody fragments (as described in greater detail herein). An antibody can be human,
humanized, and/or affinity matured.

The term “variable” refers to the fact that certain portions of the variable domains
differ extensively in sequence among antibodies and are used in the binding and specificity of

25 each particular antibody for its particular antigen. However, the variability is not evenly
distributed throughout the variable domains of antibodies. It is concentrated in three
segments called complementarity-determining regions (CDRs) or hypervariable regions both
in the light-chain and the heavy-chain variable domains. The more highly conserved portions
of variable domains are called the framework (FR). The variable domains of native heavy

30 and light chains each comprise four FR regions, largely adopting a B-sheet configuration,
connected by three CDRs, which form loops connecting, and in some cases forming part of,
the B-sheet structure. The CDRs in each chain are held together in close proximity by the FR
regions and, with the CDRs from the other chain, contribute to the formation of the antigen-

binding site of antibodies (see Kabat et al., Sequences of Proteins of Immunological Interest,
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nucl eic acid nol ecul e encodi ng the sal vage receptor binding epitope can be
linked in frame to a nucleic acid encoding a pol ypepti de sequence of this

i nvent i orwweaotisbisshe fusion protein expressed by the emrgirnsesiedsssoc! ei c
acid nol ecul e conprises the sal vage receptor binding epitope and a

pol ypepti de sequence of this invention. As used herein, the term "sal vage
30r ecept or bi ndi ng epltope refers to an epitope of the Fc region of an 1gG
nol ecule (e.g., 1gG, 1g&, 1g&, or IgAA) that is responsible for

i ncr easiigh Egigion, Natipnad Instituternfitghlfh, Bﬁmesd&fMDKb”ll@GTthmtah@O(T@mg are Ghetie et
al ., 7 0} Tahl es vvlth
substi tmﬂt(@g}s{lvfdn&gwnn%@ br"t;latg?goﬁgap E} r %Q‘mg?nng?gggé%]%@%% eﬁﬂ{ f-lives are

al so desfongtiops] sich ay\0QO¢inR PN 2f thaantihRdn 80D tibodySiependery celtulagitoxidityBi ol . Chem
276: 6591- 660 ol iesshrodabd! g@ﬁt‘i@a a%? 004)). In
anot her enbogb éfaérp&)@s"ﬁgbig‘eﬁg?glﬁir(’d@f ft‘gocan a ' e@?xﬁg? %éne(&'?s for exanpl e,
by at% acdalledy ‘Fob’ h@atgnpotsmelpwtug ssrelq@etme@mdmmtwadrpreéldudnfc Weatimest, or ot her
pol ypeptwo%énm&feﬁéctg i atbhﬁy mﬁﬁa@l&e%‘adﬁ)hepepam@;th@m A (qh} ached to
serum al bumn or a portion of 'serum al bum n to the FcRn receptor
or a serimangal thahantwei antizancropinecétessand gl cgmblﬁﬁfar%mlﬁngﬁnﬁa@ to the

ant i body or p?l'le%trﬁﬂ&un?arﬁ’lbodysﬁ%nwmwaﬁ&ma% SBAPRAGRRgAL © di sclosed in
W01/ 45746. 1 n one preferred eribodi nent, the serumalbumn peptide to be
at t achedreeagnision Q@sbmd"umtmlnadw&%@qﬁémeélewhls regiop COPRAGERAMISEH | D NO
13).4g 0 éua%w arfTOAE R A¥ERbin vEPé%le%Ha.A .hfngmoa‘,onacoﬁabmla%ob.a&anea.ssd by these
nmet hods See al so, Dennis et . J. 35035- 35043 (2002)

10f or s esingh-ghaln i smemsmnedgawemd @t@ 1‘§b‘q@i‘él‘?d’é§ab"13§/°m4‘¢ eajrbesevalangy pmeant  a
portion mke@bwhma%éﬁfae Ak y&h@na@m@% ﬂk 0 h@&gkﬁalﬁs@& aGOAARINS .

preferably, | east 10% 20% 30% q 50% b0% 70% 80% 900/% 95% or
nmore of td ere:msinrcélrp aniRgeuoP thay in art@wh@n@é spRgiss-eltds igdhigcongpwationd
pgloypggtfhgﬁwrce&lﬁﬁmmvaﬁgme GaRiRInferakPio dBne Mntlg&blﬁanﬁﬁgyonz& 80 90, or

00, or nore 15nucl eoti des or ,. 30, 40, 50,
60, 7D, waces thelid-VLidiger. 1Qqilectivsly, the sies CDRyronfenentiger-higdiag sresifisity nor e

The ter n@th@dﬁﬁlb&@dﬂov@m edeMﬂBglvﬁ}%le'd&maﬁar(gr nasest ah BY S6BHRNGRAR Y in the
broadest sense and incl ude nonocl onal anti bodi esaé'é'g full Iength or .
g a

i ntact nWr§ERSsapecalin fopytantiggn) hasghs eilin &0 reseanizs 8 Higem jalihgugh at

ant i bodi gRweftihinSRSECInt le,q,ragﬁ]u.laggl,nees (e.g., bi speC| f| c 20ant| bodi es so | ong
as they exhibit the desired bio ical activit al so i ncl ude

certain anti bd@yab fragjnsaheleo gopdaingd f‘ﬁ%‘ﬂ dpyaig PQQF é‘ghtdt@?'&?'i‘d Hefistn) . An

ant i @@dYC&@QntQ@mQHr{@Hd %&F«lﬁ@mﬂavl)ea‘uamamdﬁ Pragmbrté ﬂ“’f%tyfrdfﬁﬁ?w f4bments by theThe term
"vari abl e" refers to the fact that certaln gortlons of the variabl e domai ns

differ exddifipgiofafay repiduss dLibmeuborydsigings of Bebravy oy CRI domaingnglyling,e i ndi ng

and specpfd ot infoye BhteREREM thRantibddy Ihaige Papidnb @aly-SHOE tHetdssipatibn Restiaforant i gen.
However the variability is not evenly distrjbuted thé‘ﬁ‘}i hout H}e vari abl e

domai ns B3 Bavhidyls @@te'qetmﬁ"g‘e@b?}fég"rﬁ"t" Riglomaing heaga freg, oupcKfa
conpl emﬂﬁ'ﬂtﬁbd)t ﬁ‘agﬂ%h@bﬁkiﬂhl%@wér@ﬁio@ﬁlfed @EPARS of Pab' Fry@eenwarhicthh®e hﬁg«t ons both in
the Light-chaipn and t he heav Lﬁr;)varlale d(f)e%lns The re highly
cons 87 v ety STt PeREeTdheny ;PIarhemiral srRines P P Ehemis FERE KON (PR, The
vari abl e donmeryas|igit chalhs\6€ antdadi¥s (immunoglobulins) from any vertebrate species can
be assigned to one of two clearly distinct types, called kappa (x) and lambda (A), based on the
amino acid sequences of their constant domains.
Depending on the amino acid sequence of the constant domain of their heavy chains,
30  immunoglobulins can be assigned to different classes. There are five major classes of
immunoglobulins: IgA, IgD, IgE, IgG, and IgM, and several of these can be further divided
into subclasses (isotypes), e.g., [gG, 1gG2, 1gG3, 1gGs, IgA|, and IgA;. The heavy-chain
constant domains that correspond to the different classes of immunoglobulins are called a, 0,

€, 7, and p, respectively. The subunit structures and three-dimensional configurations of
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30and |ight chains each conprise four FR regions, |argely adopting a

n- sheet configuration, connected by three CDRs, which forml oops

connect i /gp 2andbsorsssonme cases formng part of, the 0-sheetr/tstowosispe. The
CDRs in each chain are held together in close proximty by the FR regions
and, with the CDRs fromthe other chain, contribute to the formation of the
antigen-binding site of anti bodies (see Kabat et al., Sequences of Proteins
of I mrunol ogical Interest, Fifth Edition, National Institute of Health,

Bet hes dadiffévent clag@4 pfj imnimegloliims anatwetl knewvm s*Amtibodydragimeuis? membrisi: elgtly in

bi ndi ng functi ons,
such as %gtro?‘:b E%‘Bgﬁé E)%\nq}lg?&'f @“ggﬂéﬁq%”g‘;‘;&" |pﬁégpﬁ?wet¥ﬂ“ g%?atn rg{)l?'ul ar

t oxi ci t ymosParyl, of ¢ @esmqnenomfallamspmidd with ﬁlaummmsvltemrqsdemardaﬂact

anti gen- n a single

anti gen- ?ﬁ %g’%‘fl Oéi??%g&]%aﬁnaa% Ea }@agg%ngﬁl)?z aﬁﬁg@ﬁx\%{g{% reflects its
ability dl@bocheyémaarIantz@dree,asmgleychaiﬁ@psbmymméfatxlnsmtld pubisprsifganttfedis’s) 2 f r agnent
t hat ha i n i I ss- | i nki ng
ant i gen. T e e R by R Bl Bl et e
ant i gen-antigendymding sita ofithe intiyit mﬂbngy mdttbus retnlnathﬁmllb'habmdlamlgpem es, this
region Cﬁ@&kﬁﬁ%oﬁfmeﬂt dh 9% b09 fraghRAE FRANN sl &Mhé}'&ﬁmg QPI e‘%@%g{j}) wariable
domain in trght, non- cova association. I'n a sin ai n Fv speci es,

one heavrytamandeash@nelqf@httbwihwahfunamrabb@ladimmpﬁateéwnbélecF@vwl@nww | i nked .by
a T ! At DliecRSRL fifacl diidy, SR Flgt bibdife, L‘.l.t%lam{ AR RRMMRdR A cCan
assoclate 1n a "dineric" 'structure anal ogous in a two-chain Fv
speci es. fupgtiop gnd gpmptgment bindinguinzng Sme%a?matdﬂemtllmdééfam ivf each variable
domai n i QLeRack: ah@ooqwtﬂapﬁas%H n@ﬂ“) gﬁf‘ﬁt@'sﬁlfj{aﬂgal@l'shﬁlawfb Jnhﬁtaéténf?%rdg/ace of the
VH- VL diner. Collectively, the six CDRs confer antigen-binding Specificity
to the affrieigodych apienihody fragroey may spmpyise oy artizap biadine gem Hinkedito freks  of an Fv
conpri si gyl hp smé@&omg&we%éeasmry%tmragmmgen) has the ability to
reco n| ze and bind anti gen, although at a |ower affinity than the entire

bi ndithg si t e.ThykrsmEAYPervesighie Frgioal”s Vc?an‘?fal}Ws vher wethbareipfeferstedhty of t he

|1 ght Ch@glen@(ﬁqntantﬁ)oﬁy Cﬁ‘abl%QioﬁlQﬂsvpmtaréj%ivam(bg'lh)se&fenctetlﬁd@?@w chain. Fab’
fragnents differ from Fab ments by the addition of a few residues at

t he car bosegtugally defingd IQS’PStﬁ@‘e Maptibeghgs somplisebniPerVarinbledasiong: BHE Br nor e
cyst ei nege wwlth@ 1)L dndQrtYe RItROGL (IEYILON.3) FARumBEl dfhypdiardBRirgiiat F on herein
for Fab' ich the’ cysteine residue(s) of the constant. domai ns bear a
free thi @ﬂ"“@%"@ﬂﬁﬁm ln(tamr)dzar%lﬁtcp'aawdrhee?gheﬂxe§<ae?tlfgimvéﬁmeytaw‘e‘/r e produced as

pai r 59 of Daal;h.mﬁg ﬁggmt(s:omj &@b!ﬁe&@n RiG8e ea‘i»ﬁmwnaaﬁ: th@ﬁmeanhbmm Q her
chem cal égﬁbl ngs of antib ments are "1ight

chai ns" Y6 al es§q‘(q“f5ﬁﬂ?ﬁ8§>|‘%'l!ﬁﬂ IREynglpgisal H‘r‘ﬁfes\%élﬂt %‘brp bl "s“i?é‘él es can be

assi gnedsérﬂc@mh&fal tnwmfél;eﬁmzmhcksesﬁdsahcw xms)) @abthade#e@maamthand | anbda
(X), based on the am no acid sequences of mai ns. Dependi ng

on the alRf#ign ﬁfﬂhﬂ steysipiadeqps 6Fhatiip anddfsk, anolﬂgl‘Pél 1ﬁ68f”‘t9h7e IPSPEaW chains,
30i mmunogbiyhérisriabRNediGhsagrésgmnatomProdiifeltRivash thelkabSEDRsHMEChodiL five
maj or _cl asses of
25  structural loops, and are used by Oxford Molecular’s AbM antibody modeling software. The
“contact” hypervariable regions are based on an analysis of the available complex crystal
structures. The residues from each of these hypervariable regions are noted below.

Loop Kabat AbM Chothia  Contact

30 L1 L24-L34 L24-L34 L26-L32 L30-L36
L2 L50-L56 L50-L56 L50-L52  L46-L55
L3 L89-L97 L89-L97 L91-1.96 L89-L96
H!1 H31-H35B H26-H35B H26-H32 H30-H35B
(Kabat Numbering)
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i mmunogl obulins: 1gA 1gD IgE 19gG and IgM and several of these can be
further divided into subclasses (isotypes), e.g., 1gG1l, 1g&, 19gG3, |1gH4,
| gAI , andwOD@A/050188 heavy- chai n constant domains that cecTaspandsiselthe
different classes of imunoglobulins are called a, 8, ¢, y, and R,
respectively. The subunit structures and three-di nensional configurations
of different classes of inmunoglobulins are well known. "Anti body
fragnents” conprise only a portion of an intact anti body, wherein the
portion preferably retai H31-485| éRotHUNnet12¢HET er HB-Ji3Pr0st or all, of the
functions normal |y associ at ed | on when present in an intact
anti body. Exanples of anti body\(%f‘lﬁolzgh ‘I?rgﬁ{nts)&ﬁ\ clude Fab, Fab', F(ab')2, and Fv
fragments; 5di abodi esH2| HA@H65 akt50ddd ed33-Hbhgl H4TH&RN anti body nol ecul es;
and nultispecific a”f{bbﬁ?!s?ﬁoi of5% 167 A6t 0oy Hggments. In one

enbodi ment, an antibody fragnment conprises an antigen binding site of the
i nt act antl body and thus retains the ability to bind antigen. In another

embodi "eﬁ%t nana@}megfae%; E&Q&E?t‘t tJnQ%d ﬁ(?ﬁo . Cafeorg%oﬁshag foﬁgaprzu%%%rt he Fe

regi on al'ns at -l east” one o nctions nornal |y
associ at 2d34\Ltl h 46136 oF&0-p @ (Ji20 Andfhe? (L@bmélseem and2Gdd (H).a0t65001894686dy, such as

FcRn bl nﬂlfzggnd A 2008y o5 1'02(1?3)%’&.‘& ﬁ'mvaé%Jm;ew&s%d conpl enent

bi ndi ng one enbodi nent, an anti fragnent 1s a nonoval ent anti body
that hasmambered agéopdingtal abpg e al. ,§m§tf@rm@¢'mflt@esgﬂ¢ﬂnlﬂmnsto an intact antibody.

For €43, Suc?rmw%m’ 1 DOfRY fL; mﬁtthﬁgyarﬁgm'bhéﬁn r%t@@gh%ﬂanbch@d' ng arm

Ilnked to an Fe sequence capabl e of conferrlng in VIVO stablllty to the
f ragment hyp@@Th@'ﬁtléglnn'feiﬁsdp@raﬁéﬁfealtﬂeﬁnqdegl on," "HVR " or "FIV," when used

herein refers. I—fu%al:nlggd”rf@r%s%@ﬁoﬁfm% @8t }nlggﬁiéﬁ a}{tfi’tfo'dﬁ@lm% cﬁim\: AntMalRh are
hypervari abl e I n sequence and/or form structural %@ efined | oops

Gener al | shat eentaingoidinesd seavppse derived ifsemmppdippan irppnogfobylin or the H‘?‘é&"ﬁ“ﬂ t he VH
(H, H2, Inize@Btibo e €& hﬂﬁnﬁmﬁn\ﬂnoél%ulmkacm&&)t anttbdayiRVhidfredidter vari abl e

regi on de neations are in use and are enconpassed herein. The Kabat
Conpl! érreﬁprarauhwpermlabiétr@d% ofithrforpigntarrsreplayotdy residuen i a hyperesigblence

variabi | i'eg%ﬁn%lﬁgn&{ ﬁurﬁﬁesp%t(d&@mmb?) YSBQs makatat, @dbbilor nonh@mEeNCes of
Pr ot ei ns | nmunol ogi cal | nterest Ed. Pubiic Health Servi ce, National

| nst i t ut eEmee haying the desized spseifiaity, pifinity, fgvbiepfmtyc%quedn?t@%% §amaeekad to t he

| 'ocati on e%f t(hl@) r%MNégBP(h@hu%Qpiﬁﬁndn@l%d?hﬂrear@Qaée@%K codespM@llmg ndhol .
196: 901- 917 (198 M hypervari abl e regi ons re ﬁlgtn;é? go conprom se

bet ween hmaﬂ«a%@tes CﬁRﬁ‘eH‘PRie dneerized aptbqdiss say tca'l“p‘l'ﬁﬁd used by

Oxf ohg Mplu5g i BE reSipfRMn@iBsdyRR Gy thEREHR: hittho&P T These xﬂodnﬁ&h@ionﬁ@@h&&‘d to
hypervari abl e regi ons are based on an anal ysis of th‘ﬁyﬁ\\ial | abl e conpl ex

crystal Srthacrefipeantibadyperfpmnagere dn gensraldbrcimenizedantibo Y QOBPISEH| e regi ons

ar e not ed,Rah@ily ah QPR 1K30He, HaMdialH ko, CabRConmainsin wilthlalll24- L34 L24- L34

L26-L32 L30-L36 L2 L50-L56 L50-156 L50-L52 L46-L55 L3, L89-L97 L89-L97
L91- L96 p¢staptgdly all of the hypervariable loops correspond to those of a non- -human

immunoglobulin and all or substantially all of the FRs are those of a human immunoglobulin
25  sequence. The humanized antibody optionally will also comprise at least a portion of an
immunoglobulin constant region (Fc), typically that of a human immunoglobulin. For further
details, see Jones et al., Nature 321:522-525 (1986); Riechmann et al., Nature 332:323-329
(1988); and Presta, Curr. Op. Struct. Biol. 2:593-596 (1992). See also the following review
articles and references cited therein: Vaswani and Hamilton, Ann. Allergy, Asthma &
30  Immunol. 1:105-115 (1998); Harris, Biochem. Soc. Transactions 23:1035-1038 (1995); Hurle
and Gross, Curr. Op. Biotech. 5:428-433 (1994).
“Chimeric” antibodies (immunoglobulins) have a portion of the heavy and/or light
chain identical with or homologous to corresponding sequences in antibodies derived from a

particular species or belonging to a particular antibody class or subclass, while the remainder
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H H31- H35B H26- H35B H26- H32 H30- H35B (Kabat Nunbering) H H31-H35 H26- H35
H26- H32 H30- H35 (Chot hi a Nunbering) H2 HSO H65 HSO H58 H53- H55 H47- H58 H3
HO5- H102 W20 H1032188196- HL0O1 HO3- H101 5 Hypervari abl e r egipomasSeey/08330pr i se
"ext ended hypervari abl e regions” as follows: 24-36 or 24-34 (L1), 46-56 or
50-56 (L2) and 89-97 (L3) in the VL and 26-35 (Hl), 50-65 or 49-65 (H2) and
93-102, 94-102 or 95-102 (H3) in the VH The variable domain residues are

nunbered according to Kabat et al., supra for each of these definitions.
10" Fr aneefshkehapfs) isA@Rntica svidiee boraelegdub teswrrespondihg equkowesi in antéwididsies ot her

t han the "Humani zed"
forns ofdé?n')(ggda unlg}r']&%rgpercg%%ﬂn @g od?@s%@rﬂasgﬁg A#Q‘Fellgsé Ant ei“t%jlts)dl es that

cont ai n fragmentslof sushartitodieslesp ilongds fhle!)mfmh)ﬁhhmm binlognagkwbyl(UB. For the
most parﬁater@%@kﬁﬁﬁey gl\?&'q%(gxfet ar ?Dr?cﬁ%}? AJZH%EQ)SQ%'&SE‘F&(STGE{%E hent

anti body) in whi'c ues rom a hypervariabl'e region o feci pi ent
ar e repl Hemehitsyl aniewidy eeesed howinas hyppet vihindricantileglicon of a non- human speci es

(donor antib ??*%IGS(MQM S mm%gﬁg’ an{llg)td(\é ﬁraggigl:[ts; coQﬂprn@é)mt' defL magnsh)?w ng the

desired spec affinity, n sone | nstances, framework
regi on (ﬁR)D0¢Ye9'h@r9@§hQ§¢ demansrangpnasenhimarsinglediolyipepiida clain. epénaadiy, tbty

Comprr Bend B PR 5 sy FUGIETIR, oo TRV ASHs STLARRHS 0, T

conprise re in the reciplent anti y or in the
donor anwhisbeneblesHesevito dormi therddsisersstretarerfatintigen tfindingadior p efviaveofant i body

per f 9§ MOEE seel ﬁu&ﬁmﬁrlﬁlThe Pbﬁmbbw?é} af%n%ﬂapgg%o»fel IvolC ?@k’o&ﬁbégb stantially

all of at |east one, and t vari ab domains, in whrch all or
subst ant gl Mgorgigds., chmmeVIqslzpﬂeNvar\foalblpe 268598 (I¥8fx espond to those of a

non- human i mmﬂ%gi %guts' arbr@d}@nﬁ’nl:d Q{tlgwg%}ﬁ{ﬁdu%\h%dwcgn Qiec&vha‘f'y biRe are those

of a human i Mmunogl obul I'n 25sequence. humani zed anti body” optionally
wi || al sbhetargplranggengpay t@a@typ@p@@romb@hwd@m a‘HCIPlﬁrﬁﬂﬁdml%lb@m?"rPf@ﬁWSt ant region

(Fe), typlugahy YechPRE oPdynhefit ohﬁmw?aglaa Uht argem&,gmsm@ry é{ﬁ&i@' I's, see
ok m"z‘% 1986 REit u

Jones et al. Nat ure 321:522 echmann et
332: 393-329 (Hhogey: “dishedipy efers to @n"rantl 9y fragmens Witlsiv antlzerslysdls% (1992) .

See al SOSlEQQNHcl&I ft‘&meﬁl@ c6rﬁ¥ﬁs@‘ﬁ’h@£¢ylc‘ﬁ£1ﬁ$aﬁdﬁ% d'oﬁ;aﬁlrm-ﬁ%%rﬁbt%@fl) difpptei n:
Vaswani and Ham | ton, Ann. | er gy, Ast | mmunol 105- 115$1998)

Harris, Blaﬂb‘h‘é'ﬁ‘?le dpypain Wlemét@twamolz@m@mwmw -(Ml9oBy:; “SIPI&F‘I“ékef tha

is too short to allow pairing between the two domains on the same chain, the domains are

forced to pair with the complementary domains of another chain and create two antigen-
20  binding sites. Diabodies are described more fully in, for example, EP 404,097; WO

93/11161; and Hollinger et al., Proc. Natl. Acad. Sci. USA, 90:6444-6448 (1993).

A “human antibody” is one which possesses an amino acid sequence which
corresponds to that of an antibody produced by a human and/or has been made using any of
the techniques for making human antibodies as disclosed herein. This definition of a human

25  antibody specifically excludes a humanized antibody comprising non-human antigen-binding
residues.

An “affinity matured” antibody is one with one or more alterations in one or more
CDRs thereof which result in an improvement in the affinity of the antibody for antigen,
compared to a parent antibody which does not possess those alteration(s). Preferred affinity

30  matured antibodies will have nanomolar or even picomolar affinities for the target antigen.
Affinity matured antibodies are produced by procedures known in the art. Marks et al.
Bio/Technology 10:779-783 (1992) describes affinity maturation by VH and VL domain
shuffling. Random mutagenesis of CDR and/or framework residues is described by: Barbas

et al., Proc Nat. Acad. Sci, USA 91:3809-3813 (1994); Schier et al., Gene 169:147-155
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and Gross, Curr. Op. Biotech. 5:428-433 (1994). "Chinmeric" antibodies
(i mmunogl obul i ns) have a portion of the heavy and/or |ight chain identical
with or hwoobogsusst o correspondi ng sequences in anti boeceasdewiosssdl f rom a
particul ar species or belonging to a particular antibody class or subcl ass,
while the remainder of the chain(s) is identical with or honol ogous to
correspondi ng sequences in antibodi es derived from anot her species or

bel ongi ng to anot her anti body class or subclass, as well as fragnments of
such ant(1B¥di ¥dtonsball, brigmawol hidyl 94BDA {1 99NLadesn etadl, biromogrilcal activity

(U S. Pa ? 6 hr t tl. Acad. Sci. USA
81: 6851- %S%E?E)’ 3%\%%@)9 gj gr@i%%@%e Q@r{tl}dgpgif?ggkgg%géﬁg?geﬁ is a subset of
chi meri c ant iAntidodys effector futi@ongjirefercth dliose Folbgioal atwafas' httabutalib@td»th‘ Fagnent s

conprise_the, VH.. [ are
prgls)e'nts re IGg(asﬁgg{%q%%lcgggﬁ' oP£ 395& 9%§¥ene¥‘h§laﬁl fchlleE ﬁ)Fo g@m%t de
further advpryi méethaalmbb@'}pleqﬂwqjeﬁxamnlkmf abequeffecttdnd’urwﬂomdclwe €daai ns whi ch

bl . i t F
e o e T
Ant i bodi @8;medidted cyoBxidly< ARSI phagndy e dewe degulati@pefi el ewrfage recergors New Yor k,
pp. 269-@%5 Jeﬁ%k)e?t /}rﬁ,;aaggseiug.%%ﬂm a predeternined antigen to which an

an y bind.

ant i body sel ec e target antigen may be pol ypepti de,
car bohydr at e,“Antibddyidepeadend cell-mgdiated piaproxdpitydror SAREE” mderstad foymo€curri ng or

Py ) SAGIORLR e LS GEAR bund O, FALABIG ARG LR of LY BRALiCe. 15The

Fers to ant |
ant i gen- ¢sillpt mg‘l%mrﬂlééﬂlel\/ﬁhil@ﬁeﬂsr eﬂytremls, a@émpnosl@gasme@wﬂﬂeﬂqaytntom“ abl e

domai n ( to?ﬁ E?&IS ﬁ&jsﬂeglf lly'tggrli arﬁ@@ﬂ ganl @ellqmmtﬂe({u lln)y l!lptﬁehe sane

{
pol ypept | aln By using |r?er t hat hort to allow
pai ri ng l@mem@mlﬂlwwwww hmrn@ocdwﬁ iah@” tbaméotehlapﬁls anﬁére@bmtﬁs are forced

to pair WE%E&I Q’% Ming@ﬂ%@rgrgarg%m'f&%e lasif %RH&‘?‘I NEhaR e%ﬁr@ss%ﬁﬂhe two

anti gen- ng sit odies are ribed nore’f for
examp$ e, oy wierkad@dnocy &prsd FGR], FayRil Hullfcimgbchﬁteabressm?rmc Nat | . Acad.

Sci. USs 6444- 6448 (1 n Q i.s One whi ch
pos sl TROPR R AT yBiaied in obln o oueS LB RGN A el 8PS KT, hoay

pr oducedlnbvyunal N7 @pel/)oflo lasssssb*emc axsicldy oA rngletarhg/ofoﬁteltekteart ievlm ques for
aant bodpeesam Lar o e babh STl NE Beoatt BBl e R S non human
ant i gen- Baterd Nogo, Vﬁsﬂmumy be;ﬁnrffirafeﬂl Hsetfyl effedtorce ' foastch Iassd)ys indudgne Wi th one or
nor €,8 It ggn%heralr[)%odnmcglr(])guc?ear O8s ?PBMC) and Natural Killer (NK) cells. Alternatively, or
additionally, ADCC activity of the molecule of interest may be assessed in vivo, e.g., in a
animal model such as that disclosefi in Clynes et al., PNAS (USA4) 95:652-656 (1998).
“Human effector cells” are leukocytes which express one or more FcRs and perform
effector functions. Preferably, the cells express at least FcyRIII and perform ADCC effector
25  function. Examples of human leukocytes which mediate ADCC include peripheral blood
mononuclear cells (PBMC), natural killer (NK) cells, monocytes, cytotoxic T cells and
neutrophils; with PBMCs and NK cells being preferred. The effector cells may be isolated
from a native source, e.g., from blood.
“Fc receptor” or “FcR” describes a receptor that binds to the Fc region of an antibody.
30  The preferred FcR is a native sequence hufnan FcR. Moreover, a preferred FcR is one which
binds an IgG antibody (a gamma receptor) and includes receptors of the FcyRI, FcyRIl, and

FcyRIII subclasses, including allelic variants and alternatively spliced forms of these

receptors. FcyRIl receptors include FcyRIIA (an “activating receptor™) and FcyRIIB (an

34



CDRs thereof which result in an inprovenent in the affinity of the anti body
for antigen, conpared to a parent anti body which does not possess those

al terati omOp11/BowBerred affinity 30matured anti bodi es weitlusb@v®sssanonol ar
or even piconolar affinities for the target antigen. Affinity matured

anti bodi es are produced by procedures known in the art. Marks et al.

Bi o/ Technol ogy 10: 779-783 (1992) describes affinity maturation by VH and VL
domai n shuffling. Random nut agenesi s of CDR and/or franmework residues is
descri bednlblyltmmcdms”)ewhah haveRimgtar hinino agid a@huer@m tha!l@e@im@ﬂﬁen 8313 (1994);
Schier e 9: 147+ 199

155: 1994&’&‘6’3‘3"“ %’5% Lo s%%“vaﬁ'“érfcep?% Foyiild Ol a‘“sfgﬂt"?‘j‘"%%"fﬁmb (1995) and
Hawki ns wtosik- based acthdnon Botd(lTAG\Z)BmStS@ytSﬂﬁsn(nde&ﬁs)m InhibitingAsteptbody " ef f ect or
function fer to those biol ogical vities attrihutable to the Fe
region ( Yﬁgﬁ %‘a%‘%ah'@}%‘@“’rféem‘ﬁ Y'8H"GP? S%"rﬁ hﬁ?'t% "t?t'i{éﬁﬁgmé“van ant Fe

regi 031) ©hopdmaddomadsee &vewmwamemt@numvammazdys thnwwlﬁxarml es of
anti body_effectar functions i dependent
ot o o s by S et i ey e st Tl &

Cyt ot OXi BAriokABEAW:2 SPRA(Y9RNY 1408 d6 Hagbaoal., Uelubl atih. cuwdofzscaak)mxm%ﬁce

recept or el | rec tor cell activati S

At + bodyhsdcaripdEe it B Biliec 1 e Sl v ARbpridiins wpmiteR o 4 form
of 10cyt kdréiixi "Clilettymi alsonfclades sieaiesiagd rdegpttrg BeRh, ovhich istespoadelptfanis ( FCRS)
present on aln t 0xj C.ce Nat ur. Ki NK),.cel | s,

neut ?‘g V‘f"gipe t?ﬂ%ﬁ%‘gﬂﬁg% t“&f*é\‘ﬁ'l éettaﬂesé kﬂ%ﬁéi% Q? ?@(caP i("BSﬁ s to bind
speci f| call, Uylmmnalnzeml(gmmalregngtet asgatstagie bf inmndhoglobgagudiat |y kill the
target c i ot0|ns i bodi es to cells and
b e absofi20s o be R Rl g e min e ¥R KU RS o 2 g
ADCC, NKTiadohtent afxrm paant pobhlichtidn 1iﬁmaﬁyallymhmmmemMcw efraxpress FCyRl,
FcyRI | d 1., F re poietic cells is summari zed in
Tabl e 3 it SHSE: 5t b e Bro R o RPETEOURRC. “Rev. “Frmunol o 457 2
(1991). To addebsdsADiasacbg bindiyg m)chanrmIl«aowheseafeg rGhefie$297, Himtann vi tro ADCC
assay, esc ed in U 821, 337 or
Presta Uk'@tl) ?&%qoﬁoma%ﬁ% 1ol andsse“bm ﬁmh#\%}c Pr‘e qplﬁsR%g %ﬁ aff?[?tgctor cells
for suc hbmémgyslypetpodiasdm Q@qsmyeq) h@r,axi trabisgnmd: mioe orfrepkfeeted lmahdngell BBNC) and
,I[\lra]‘teu:na)‘: eﬁf’:"!“e"r‘%ﬂ % lpcﬁn or'in Vuga esa tmIHYISlt éd with tﬁ%'v&#x&?ﬁ‘&lweﬁn@@m aCt' vity of

erest- sesse nodel
such as t hat ‘tﬂ]ompleosediepcnde]ltymmxemy abr. “CDPNAS%(SUSF&)E 1395 o 8 2ar B 6el( Iﬂ998)

" Hu h cRs and
per ][nggm eh'feip nce 'lfecom | ons ‘% ? er agtﬁ CYXQ‘Jt ﬁal cﬁ?éﬁ{rﬁ&ig%ﬁ\g?p Jﬁ%e% tJ:t FcyRII']
and perf memmm@ccf ﬁlfeff'esttcompczﬁﬁmﬁdtelcgmpleﬁxarspsttes (©fq) uamtibodies(Ri0bgt es whi ch

medi ate AL rfag%l,&%% rfzn@f;@dndm &9%@@93@%&@% g;@és's%m(,ﬁgfg@t;; nat ur al

killer ( noc cyt ot oxi S and neutro wi th PBMCs
and NK cedtivstldmea ﬁQCp%sefyeergeqsdeﬁhé@@hf@@@am-swbﬂost sy IveningloMatheds from a
native sg U N ¢ Q@d. "Fe receptor” or "FcR' describes a
receptor gsmalybe E)f%e regi on of an anti body.

Polypeptlde variants with altered Fc region amino acid sequences and increased or
decreased C1q binding capability are described in US patent No. 6,194,551B1 and WO
99/51642. The contents of those patent publications are specifically incorporated herein by
reference. See, also, Idusogie et al., J. Immunol. 164:4178-4184 (2000).

The term “Fc region-comprising polypeptide” refers to a polypeptide, such as an

30 antibody or immunoadhesin, which comprises an Fc region. The C-terminal lysine (residue
447 according to the EU numbering system) of the Fc region may be removed, for example,
during purification of the polypeptide or by recombinant engineering the nucleic acid

encoding the polypeptide. Accordingly, a composition comprising a polypeptide having an
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30 The preferred FcR is a native sequence human FcR Moreover, a preferred
FcR is one which binds an 1gG anti body (a gamma receptor) and i ncl udes

r ecept or swof2otimso8yRl, FcyRI |, and FcyRI Il subcl asses, pcmaiSaaiongssal | el i c
variants and alternatively spliced forns of these receptors. FcyRII
receptors include FcyRI | A (an "activating receptor”) and FcyRI I B (an
“inhibiting receptor”), which have simlar amno acid sequences that differ
pri mari |1¥ in the cytoplasmc domains thereof. Activating receptor FcyRIIA
cont ai nsFaiRSIPRATFATHNECR Bioinvenjien sinramprssae vaertidgnwith K44b it a lﬂ@AM inits
cyt opl asptinev&0Rd rﬂnxtdré‘bf&il)tp'eﬂgjd %ﬁﬁ%&ht%ﬁb’tﬁé kB4£RMHE. NS an i mmunor ecept or
tyrosine- based i nhi bition notif TIM inits 5 cytoplasm c domain. (see
review M i n Aadeesator hwpn framayvork rfﬁifh?)P“rP%Ss bayen p3uframener gompriging ar e

revi ewedpt QmB@\é@&i%ghu@m ofh Vel or \Aﬂﬁh&nev@?]\’deriv@ﬁrﬁﬂﬁla MR leaancfgmgﬂi) Capel et
al ., I'mmunonet hods 4:25-34 (1994); and de Haas et al., J. cin. Med.
126: 330- famqwealy Y frompatwimareasensp ERmRITORly Mefscéptw&wn.feeﬁw% ‘derved t he
future, 6@ SRGRIMARNAGIZIINIHFRMREM or heFan RBEDLR- fraflR®ofkahd) @lnpeisd NCl udes

t he neonat al receptor, FcRn, which is responsible for the 10transfer of

nat er nal th Fg@e anging prdd fegpense thefsphor BRY gantain pre-existingAFlno acidrsegeencs 1976) and
Ki'm et a&han Hz%n&lex.st ‘affind dcitAdngks ﬁregregeﬂtﬂraé@e%h@mmw gndof

i mmunog| obu ins. 00/.42072 (Presta) describes anti variants with

i mpr ovedPisferaiyf i lehert 39 fss: > RE-Pting paino #1id chapaeseit Pretent nPerpBatent

publ igat b)Q.ﬂmF%mﬁBQGidfch&?gH e bREQE mr‘axt; . fH@6 19 ithbsOYhah Bs@FLoIPeat 11968, al so,
Shields et a . Biol. Chem 9(&}# 91- 6604 (2001 15Met hods of
measur i n§oPTRIERGPesTions RHL.ZAH. % fos instancs, the amigoaciddesidpgyat Yigsht on 2004) .
Bi ndi ng p&itkd§may FERM, i78T Vdnder 281 l%%hél%lb'tﬂhrﬁeﬂtltﬁé?vgfac&blﬁﬁﬁhrﬁﬁ\m hi gh

affinity _ binding poI etldes can be assaye intr enic mce or
t r ansf ecfraBewskEd ‘H‘é‘F‘}‘ in ?eﬂéeceseﬁ%¥%|hh'aa*hmw0$'egéﬂ'" f(ﬂm‘iwﬁqjo%eﬁ‘r‘re&fee%‘

adm ni st pEkHh Mkhs&mm&omaéq@ﬁ& pol ypeptl des. " Conpl enent dependent
cytotoxicity’ CDC" to the | tar et cell in 20the

" refers S
presénce of c%nﬁi"&?éﬁ?se“%é? PEYPTEnis 3T a%/’ﬁ ‘E!‘I%‘E& 3\ 85%‘] BA¥nt pat hway is

i ni ti at egorfordiecciridiaR@hotdcid Bgdielik stelﬁaafp@ﬂmn{an%mhmgnmnmermw system
(dq) to_antibodies i

of .the appropri ate subc|as ound to the|r
cognat e ATPYIR searencas Seweraly ff??%éﬁ’ﬂ“ é&??‘%t“?% ogWg 9 .

descri begequéncésig Zr@ﬁh&-sﬁﬁ@bﬁb’&fv@habﬁé domain selueNLE30 |Gen%mﬁﬁd$u12@&p1(ﬁ3 ( 1996)

may be performed 5Pol y devrlants with altered Fc region.amno acid
sequenceS* WY Her ‘E’Ba f" 2t da eIHOEﬂ ﬁ"bﬁdﬁ‘ﬁﬁ"ﬁﬁorégepgb’itﬁ? T‘G’g%?t“%‘sdescri bed

in U3 paﬁlﬁi@{oub@app@,l 194, 15T aln gl oM nRAimkad Zor theeH chasubgionp éfsubdioge pat ent
publ i catl ons, g Pe]m fically incorporated herein by reference. See, also,
| dusogi e libps igRabatgtaly 1 no) " 164: 4178- 4184 (2000). The term "Fe
regi-on-conpri /sl“mg[ spogrynnelptdodﬁensnrsefifamre@om(ocan;mzlechhepmisdeus sqadmcas an
30ant i bod noadhesi. whi ch rises an Fc -t erm nal
| ysi ne (PE@ 6‘11%0'2 a&t!%%?%ﬂr HaU St "P\earﬁ ﬁﬁ%éa}?%ﬁ%“psl)}sc?goﬁatg antelﬁe "Ec region
nmay be r emboditlentf the VEDsabgrbep 1ichonsengps fiiameforkatrinacf setiedcpaimppiegstat de or by
recogg nt en |neerllnl? theftgu Le £ aeelg encodi ng the pol ypepti de.
Acco zﬁavapg 1°8/9p 35 P §aEhOld ‘?7% PRITRGTUEBET ypept i de havi ng an

EVQLVESGGGLVQPGGSLRLSCAAS (SEQ ID NO: 14)-HI-WVRQAPGKGLEWYV (SEQ

ID NO: 15)-H2-RFTISRDNSKNTLYLQMNSLRAEDTAVYYC (SEQ ID NO: 43)-H3-

WGQGTLVTVSS (SEQ ID NO: 16).

A “VL subgroup I consensus framework” comprises the consensus sequence obtained
30 from the amino acid sequences in variable light kappa subgroup I of Kabat et al. In one
embodiment, the VH subgroup I consensus framework amino acid sequence comprises at

least a portion or all of each of the following sequences:
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Fc region according to this invention can conprise pol ypeptides with K447,
with all K447 renoved, or a m xture of polypeptides with and w thout the
K447 resiwo0eni1/050188 An "acceptor hunman franewor k" for tireTaS2@O®EISIher ein
is a framework conprising the am no acid sequence of a VL or VH franmework
derived froma human i munogl obulin 5 framework, or from a human consensus
framewor k. An acceptor human franmework "derived from' a human

i mrunogl obul in framework or human consensus franmework may conprise the sane
am no aci d sdQMIESASESASYCDRV THRG (ThIANE: pe- leMYQQKWRGKAPKOLAC d

sequence seARes: 1S RIEISORI S TR DR ATIVSRBOADADL et

preferably no nore"than 5 and preferably or |ess,
pr e- exi skI-RGQRETKVEIRCPEQIRMNYE8)-are present. Wiere pre- 10exi sting am no

aci d changes Af .M MndoRafmybe BF ShEbaH HritdosRrEaRgRRoakA Onl Y at
Y and 7 8Fi

three, two, or one of positions /1H, 7 or i1nstance, the am no
aci d ¥ essedurnge wariantrad ge aggiboily vherein gng/orgrory ¢fthe FBINC agid dysistueszg@ahe | n one
enbodi ment.,:..& > IHAEYR IS i i ence to the
VL humn%%%géﬁgﬁﬁﬁﬁ@?gm&é@qu'encé%gﬁa%ﬁurﬁgéggdélﬁﬂ,l’sagﬁgaiﬁ r amewor k
sequence! 00¥ssrqudngeridentitn psemBargy fith thewpecies-degendent priibedior le onbi ch represent s
the most . CONTR ¥heHnGbidy idarR Wil av@%simrns%qu%éme%fﬁgg BdsOfsopl human

i mmunogl obul i n VL or VH franmework sequences. nerally, the selection of
human i némine gtidrghénse Wendy ovsimelatiy evithdle dnyng reihcquenabefr gy thf hapey i abl e
domaj g Sﬁq}g‘ﬁ{‘&%-vaﬁﬁﬂ@&ﬁﬁdwofth@é%eéiUQ%)%E&%?%@??&E%Q%M&%IQaﬁh‘é%grOUP as in

Kabat et al”. In one enbodi nent, for , group i's 20subgroup
kappa | 8®0oimorptséeraby atdeast 8550, sroee repfiorgblyebleast 99%r andeostpieferahly a8 Igggjr oup i s

subgr oupgdok I 1g@stit} Br A&ty Kith Aspect to this seqflenc¥lid REREH RN A the ?é?&:%%@éus _
framewor k" conprises the consensus sequence obtained fromthe amno acid

sequence®f anxinaasid regifes ety yandidatesequsnqel that gre identieal (i same residpepple embodi ment

the VH syRasQup ahlido £RSEMRUSon! fh@%ﬂ%&%é’%n%in%dﬁ%ﬂ@%ﬂﬁ@pfbgémésj,Ses at-
|1 of the foll

25l east a portion or all of each

EVQLVESGBG¥IepEEsh e Soesies-demsmdsnt pntpaordy @aiﬂuq%lfﬁ%%qﬁg%i@sew | D NO
15) - H2- R@Trb&%ﬂﬁ%ﬁ&% EES%%L, RARREAVYY fak iR pdrtelQeqdedle fddntin)\GWAELY TVSS ( SEQ

ID NGO 16). A bgroup | consensus framework” conprises the consensus
sequenceNopIHnhdcttegnnplo ff intsEnabsitensions: Aeletiongos HErrEonsintg dhe aaEbedy| i ght kappa

subgr oupsdqu@ice KR08S ofthe Rriable RoRMR sRAMMRALA®AE] astafBctie seioaeQeRtily srONSensus
framewor kK ‘am no aci d sequence conprises at least a portion or all of each

of the f&Mig¥ng sequences: DI QUTQSPSSLSASVGDRVTI TC (SEQ | D NGO

17) - b - WQQKRCKARI I of <[iELRe 19 alEondfRibn thdt YRSRnSSohBithbd Wbl PEDFATYYC
(SEQ D No  19)- L3 FGOGTKVEIK (SEQ 1D NO. 20) .

substance/molecule or method of the invention. This includes chronic and acute disorders or
diseases including those pathological conditions which predispose the mammal to the
disorder in question. Non-limiting examples of disorders to be treated herein include
malignant and benign tumors; carcinoma, blastoma, and sarcoma.

25 “Treatment” refers to both therapeutic treatment and prophylactic or preventative
measures. Those in need of treatment include those already having a benign, pre-cancerous,
or non-metastatic tumor as well as those in which the occurrence or recurrence of cancer is to
be prevented.

. The term “therapeutically effective amount” refers to an amount of a therapeutic agent

30 to treat or prevent a disease or disorder in a mammal. In the case of cancers, the
therapeutically effective amount of the therapeutic agent may reduce the number of cancer
cells; reduce the primary tumor size; inhibit (i.e., slow to some extent and preferably stop)
cancer cell infiltration into peripheral organs; inhibit (i.e., slow to some extent and preferably

stop) tumor metastasis; inhibit, to some extent, tumor growth; and/or relieve to some extent
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As used herein, "antibody nutant" or "antibody variant" refers to an am no
aci d 5sequence variant of an anti body wherein one or nore of the amno acid
resi dues wb 20hisepeci es- dependent anti body have been noacfriusdoio8sssht nut ant s
necessarily have | ess than 100% sequence identity or simlarity with the
speci es- dependent anti body. In one enbodi nent, the antibody nmutant wl|l
have an am no acid sequence having at | east 75% am no aci d sequence
identity or similarity with the am no acid sequence of either the heavy
100r | i gofie & Mwreefike syaplomsdaeieaiated ofiththedisppdes | Tathg eperidearrugmey body, nore
prefer abé%veﬁ\t oG8SdndRPRA emgfn?g c[%'h@é(r%élﬁbllt a@be J:ﬁ@sgtlcgw& IRRxiP Ik er abl y at

| east 90% most _preferably at ' east 95% ldentity of simlarity with
respect %aﬂchH‘Peéanleﬁ‘“eﬁ%é‘ Vivo efaf fonedmipsr kg meagyred R assessipe thealyeation ofami no aci d
resi duessdrﬂvélhﬁn&t@@%&&@%ﬁ)gﬁgﬂb’@m) tAkspRh& rhdERR) CRkratioh o?resp%ﬂgge resi due)
or similar (i.e. amno acid residué fromthe sane group based on comon

si de- that/gsauiy efilde, 15see bel ow) with the speci es-dependent anti body
residues, af tfje @k 900G hliB cHRANEHGER: @%@dés@ﬁlﬁquyﬁg Blo%ﬁglsoonﬂltlornﬁcessary,
to achi eve the maxi num percent sequence identit of N-term nal,

C t er mi nBRMmgls thahisdynienlly eharaatesizehly unieguiqdsal grocﬁth lﬁgleﬁdu@ﬂgs into the

ant i bodyJSmala e eRigh ahdRaMnaktREncdar mbbﬁly@wg@mc&hal 4‘eah?st9gm§ﬁ15ued as

af fecting sequence identity or simlarit di sor der "di sease" is
any condiSteant agaager AL gotjaysive or m?té%ﬁttcwé&t#?éﬁﬁe%swﬁ%e§ub§t HE¥eril ecul e

or gy hogdxMpldsh carMaRdRMbut 3R ndt iR RddAd QarchldrfaNlympRdtHh, BfastbMadi sor ders or
di seases i ncl udi g(g’lut hose pat hol ogl cal conditions which pr edi spose the

mammal  t 6nelyknggp a‘é?stqmﬁ Hagine 'ﬁstornﬁ?nsarqomat(inﬁlgd'é&amfp@gmefm i sorders to

be treat gdoligr @il Barkdifd) %ﬁro@ﬁddcﬂﬁ@tﬂho@@ﬂclh@iﬂ%Gzﬂcnhéimﬂfn%rs GadtGhIRAEnd Dl ast oma,
and sarcona. 25" Treatnent" refers to both therapeutic treatnent and

pr ophy| aBlet eeligansspemesnthslira sphypapprea(inclydingeacoys ﬁ%eé‘do"&f) MEURGIRRt i ncl ude

those al sRaslardiiviaN@eRndifd) b@tNleulRhfa GraNGE ok HaligMhnd@NMBRE RsficldrC tunor as
well as those in which the occurrence or recurrence of cancer is to be

pr evént edkampifs of gichrancers ingide squampps cell canser (egecrithgliphtauamgyseet cnsetn  anount

of a thenapeatctGnA@RRd st Q11§ ahnef (SOLEY,8idh-siallltdFlasgEcater @NSOLDRr i n a
manmal . I n the case of cancers, the therapeutl cal I%@effectl ve anount of the

t her apeufdeBocgsdamapl the g and seyamont AR of g, canspt U S RSHREE ™ he pri mary
tumor si B&patdedifulddicincér, gBitric oF k@WattOcaa e RIng Bhst@ilesphif taicab bahcihdp) cancer
cel l |nf|Itrat|,o i nto F heral qQrgans; nhibit b&i'.e., slqw to sone
extent afff°Pr %‘f"é? '8y € "(5‘6; MOV AHE QuteRd|VEL cancar; Yladder qapeer fpatomg. ot
t unoRo gr eMhd carkBAirRluding Inetiéartit Bressa fm.ca)gtceuah carRBereofal HER, dlorédd Synpt ons
associ at ed W'”} t he di sorder. q extent the drt@ may %rqvent growth

g e Ohisa?

and/ or kFinceredemetigl Qrafeing C‘E%‘P?’Ea sgljvarygland carcinpmay &P"EYt ot oxi c.

For cancgfosthiaeﬁr&[ayvuleilfcbmf;yhdevamta I@a@at,lc Fatdtinomaaafal &rcnb@nmaﬁlﬂred by
assessing the duratl on of sur ime to

e n (TTP), the
e ponse PHpRE (faFdear PR gEe asph e o b B AT By e
The t er maend ek cacer aat ehultipbeagiians” refer to or descrl be t he phyS| ol ogi cal

s R T AL R R R i)
‘early stagwpeancetancor A" $w'-daycadmg grthhmﬂl havswmeamt ara cleaaveeized fyat i s not
| nvasi ve Onronnngtcal?cyc‘e regu atlolnsprc(;llfel ra? on, Iore cﬂffa I%ntlaétl§rtl a\"% h can Ibé dcgermmed%ancer
markers of cell cycle regulation, cgllular proliferation, or differentiation.
By “dysplasia” is meant any abnormal growth or development of tissue, organ, or
30 cells. Preferably, the dysplasia is high grade or precancerous.
By “metastasis” is meant the spread of cancer from its primary site to other places in
the body. Cancer cells can break away from a primary tumor, penetrate into lymphatic and
blood vessels, circulate through the bloodstream, and grow in a distant focus (metastasize) in

normal tissues elsewhere in the body. Metastasis can be local or distant. Metastasis is a
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10Exanpl es of cancer include, but are not |limted to, carcinoma, |ynphona,
bl ast oma (i ncl udi ng nmedul | obl ast oma and reti nobl astoma), sarcoma (i ncl uding
| i posar cowa 2andhsewssovi al cell sarconmm), neuroendocrine tramasg01iosssbudi ng
carcinoid tunors, gastrinoma, and islet cell cancer), nesotheliong,
schwannoma (i ncl udi ng acoustic neuroma), neningi oma, adenocarci nona,

nmel anoma, and | eukem a or |ynphoid malignancies. Mre particular 15
exanpl es of such cancers include squanmous cell cancer (e.g. epithelial
squanous saetritiacmpesy, yontingeng or amoe celis hodakidg offf fiometh¢ priredrly tdmmgtrzwam@r (SCLO),
non- smal I C noca nd squanous
carci nomgh r&%h'ltﬂﬁeb%&“?e%n‘ég@ SQA}%%% %d'?‘glrérl o'%teth%{‘e Se'gatthogqg‘s eg:{nl(’:l'Sﬁlcancer
gastri c bloodsupphycind cargrew to f@ohladhlfm(l)regasmgmasst esti naI cancer, pancreatic
cancer, glio r n arian .ca ncer,

bl adder cancgé(ﬁﬁ%@m?m%ganx%@ ltoﬁg‘g%l?\aé Frinelu i n‘ﬁghr'rneotréelf ?a:‘ br east
cancebp), tm:dtebawo;ramdenterapmabtwccanbetumocodlkxnéd)bsalceltsamderd,tstaansj@mmmoal or
uterine ggﬁl%m)na salivary gl and carcinoma, kidney or renal cancer,
prostate Cancer, vulval cancer, thyroid cancer, hepatic carcinoma, anal
carci noma, peBy frenaeatasiatiohia meamsitcaungt that is banigaror thes ephageathe pamargr , t unor s
of the b | e nyel ona.
25The ¢ of 1y Pighat ek @3 e RS, B0 BRES SFRE 6L 1o DR herBn®, TV cal Ty
pr ecedestl@rprld@mngp@ememlb angametastatic Aaticpr x@am)amea‘rdmsi& ag?rt@mtohl willl have
cellgyth r V. ormal cell cycle regulation,

pr ol ﬁ?erg%ﬁc%n&d%@%ﬂ’ﬁ%gdeﬁg z;plcgﬁQPM| ch can be determ ned by markers of
cel | cycl e reulmimamtumeg] drifpramanycericeil’ ay mednbihe Oogln@lwhlﬁ@rmdtnoaal on.

By "clys nor g of tissue,

or gan, meggﬂaﬁﬁ leéléng@ elrn gﬁ?&gﬁ?@ﬁg,’%@ag&rﬁgaﬁof@tﬁeeéﬁh gra eglor precancer ous.
By "netast asiBY “heslgmamr” phderign eanderofs meanicetpmpr han remainploratiaedjatghet e t o

ot her pl @?eeocfohgmtan@ﬂ&g(HXtha@ﬁn@%gpa&‘ﬁj tltﬁnfﬁ?:n Qﬁ\%ﬁg f%&stﬁ{}&%%d%&hﬂmy tunor,
penetrate into | ynphatic and bl ood ‘vesse circdulate throught

bl ood&tré#tem and grow in a distant focus (rret astasize) in normal tissues

el sewhere in ﬁth}HQld%Tdel}{eﬁsarﬁéaﬂtsﬁlémﬁﬁ&r Qpcah%F@éll) Eké&faar}% onlvgif'l’ét asis is a
sequent i al process contingent on tunor reaking o % fom t he primary
tunmor, tARQW pﬁ@ﬂ@%rﬂbﬁhghOthéFumoob'eréqme@Jm refanigd 8¢ aspphergost a distant site.

At the new Si BestubhbeninlelSs Rkt Blentibé JPhMRAs. supply and can grow to forma
life-threatening mass. Both stinulatory and I nhibitory nol ecul ar pathways
wi thin the tuBorsublest isreqant amampakyinglugiag.but et limdted to, ahwpacerinens bet ween t he
t UMdR(CehhmANHamRSE suchbd Sbdvinel Afirkdi ShABLoviHe! & Bk ﬂe'a‘raatﬁj{ G dubfeant -

By "non-metastatic® is meant a cancer that is benign or remal ns at the
primary 8h¥®amnd has not penetrated into the |ynphatic or bI ood vessel
system or to fHSeHESnRlhRer hiapy trberskS i (Rfayy §§e§°1ﬁ1n t%ﬂﬁé @zlnkéf ERamples
non-netastatic cancer is any cancer that is a , or 11 10cancer
and occa§f BiAanSET Bherpenis apgnteinguds ¢ but are hm'tesyo e |cgmcgﬁhqremw agshts" pri mary
cancer" 'gﬁm@f?ﬁlﬂfbﬁér@%g&ftd B1bdkic GRS hgeA GsdaTh riBH a,%;aay Iaﬁulaﬁgbgyaeé.socat ed in
another tissue, organ, or locatifon in the subject's body. By "benign

tunor® opeenieRfopietie a8FEr AntirgbiEe 2815 A ik 26RO fréﬁﬁﬁrwgr 19984102%0ed” at the
site of afivglias, @ﬁ@bna@@f&eagﬁomﬁ%to& MRibReRAEL.t BlebRc!" inidiihibW&ylatefyade, or
met ast asi ze 1o di s

COX-2 mhlbltor (e g celecomb), interferons, cytokines, antagonists (e.g., neutralizing

antibodies) that bind to one or more of the following targets ErbB2, ErbB3, ErbB4, PDGFR-

beta, BlyS, APRIL, BCMA or VEGF receptor(s), TRAIL/Apo2, and other bioactive and

30 organic chemical agents, etc. Combinations thereof are also included in the invention.
The term “cytotoxic agent” as used herein refers to a substance that inhibits or

prevents the function of cells and/or causes destruction of cells. The term is intended to

include radioactive isotopes (e.g., 1° 1'% Y% and Re'%), chemotherapeutic agents, and
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15si te. By "tunor burden” is neant the nunmber of cancer cells, the
size of a tunor, or the anount of cancer in the body. Tunor burden is also
referred wo 2as1/650m88r | oad. By "tunor nunber” is neant tIr€Trusede/n535b1t unors.

By "subject” is nmeant a nmammal, including, but not limted to, a human or
non- 20human manmal , such as a bovi ne, equine, canine, ovine, or feline.
Preferably, the subject is a human. The term "anti-cancer therapy"

refers to a therapy useful in treating cancer. Exanpl es of anti-cancer
t her apeutaxansagares sniynaticadle actimgttoxanseoflbagigriab durtgal, plentgr anieakberigiher apeut i ¢
agents, ?‘ﬁ@ S‘lha,g&bltory agents, cytotoxic agents, agents used in
radi ati on therapy, anti-angi ogenesis- 25agents, apoptotic agents,

anti -tubul i n Agermetheppentistagent” agehtmsical gompaat usdirl gethe traaiinent@D20

ant i bodi @&cm'ﬁ ,ﬁp %&m@ ;gsm%g{s%m% i SR ,mc&f omggu%@sémﬁp?ﬁvecw

(I mati ni b; erferons,
cyt okﬁnesreat@nma)@mst Examplag.of cmmheedpﬁlmcmgerammclbdnﬂlgga)ung lagéntsxucidast 0 one or

f beta, BlyS,
'rAr\grRleLo Brglnvﬁe%(r)dlnh e/jEch‘%tg gél SSFSB%F%’ %gg sél b o‘fhh |]f8efct i ve and
300r gani émprheifac and lagénltfém,, aztidinesGaehis henzoders, Qalrt@neme ractarea¢;&oandncl uded in
the.i nventd 'dﬁ;ﬂt, et}_ﬂﬁ? E\ﬁ{e@nocr}{étﬁ)tl%élgmﬁl lml*x aIH?tgrql Petl:lgt eﬁe%Ie? mé[ 0 a

subst ance t Its or prevents t tron o r’causes
dest ruct ﬂfml@feplmphosamﬂmérlqtblwhmﬂslowhwchﬁeﬂdqamd|tm¢tbuielomakammct | ve i sotopes

(e. 9.9 1%&tc?g\]:nms (:Egﬁrécngﬁy 9\“Qta@%laﬁ@bullaﬁé@%&@&%&%&ﬁ Jﬁ\gﬁlpf;nﬁ ’t}ieasgﬁth OXi ns

such as enzymatic active toxins o cteri nga ani mal
origin, enakfgzuagwem@),tbtw@gn, Caws'faclhefﬁ@tlﬁ@r(amwmgotsag@ntegm; Qarzales)hem cal

Corrpoundaﬁﬂslﬂ%fésld ﬂnt‘h@tﬁ: 41158 ﬁs%h &?‘Tﬁu%lgmﬁe fc{_ n £Rg0t her apeuti c

agents include 1s a ch emc oun eat ment of cancer.
Exarrpl es cwtoehb@mﬁ)h@l@mmdt@caa@ém §n¢ln<bngme syitheyit analopgesnlfn2s8%andh as

CB1-TM1); eleutherobin; pancratistatin; a sarcodictyin; spongistatin; nitrogen mustards such

15 as chlorambucil, chlornaphazine, cholophosphamide, estramustine, ifosfamide,
mechlorethamine, mechlorethamine oxide hydrochloride, melphalan, novembichin,
phenesterine, prednimustine, trofosfamide, uracil mustard; nitrosureas such as carmustine,
chlorozotocin, fotemustine, lomustine, nimustine, and ranimnustine; antibiotics such as the
enediyne antibiotics (e. g., calicheamicin, especially calicheamicin gammall and

20  calicheamicin omegall (see, e.g., Agnew, Chem Intl. Ed. Engl., 33: 183-186 (1994));
dynemicin, including dynemicin A; bisphosphonates, such as clodronate; an esperamicin; as
well as neocarzinostatin chromophore and related chromoprotein enediyne antiobiotic
chromophores), aclacinomysins, actinomycin, authramycin, azaserine, bleomycins,
cactinomycin, carabicin, carminomycin, carzinophilin, chromomycinis, dactinomycin,

25  daunorubicin, detorubicin, 6-diazo-5-oxo0-L-norleucine, ADRIAMY CIN® doxorubicin
(including morpholino-doxorubicin, cyanomorpholino-doxorubicin, 2-pyrrolino-doxorubicin
and deoxydoxorubicin), epirubicin, esorubicin, idarubicin, marcellomycin, mitomycins such
as mitomycin C, mycophenolic acid, nogalamycin, olivomycins, peplomycin, potfiromycin,
puromycin, quelamycin, rodorubicin, streptonigrin, streptdzocin, tubercidin, ubenimex,

30  zinostatin, zorubicin; anti-metabolites such as methotrexate and 5-fluorouracil (5-FU); folic
acid analogues such as denopterin, methotrexate, pteropterin, trimetrexate; purine analogs
such as fludarabine, 6-mercaptopurine, thiamiprine, thioguanine; pyrimidine analogs such as
ancitabine, azacitidine, 6-azauridine, carmofur, cytarabine, dideoxyuridihe, doxifluridine,

enocitabine, floxuridine; androgens such as calusterone, dromostanolone propionate,
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t hi ot epa and CYTOXANS cycl osphospham de; al kyl sul fonates such as busul fan,
i nprosul fan and pi posul fan; aziridi nes such as benzodopa, carboquone,

met ur edopaip 2andhsorsedopa; et hyl eni m nes and mnet hyl anel anmPogaiseaiolosadbng
altretam ne, triethyl enenel am ne, trietyl enephosphoram de,

triethiyl enet hi ophosphoram de and tri net hyl ol onel am ne; 10acet ogenins
(especially bullatacin and bul |l ataci none); a canptothecin (including the
synt heti c anal ogue topotecan); bryostatin; callystatin; CC 1065 (i ncluding
i ts adozebitisitanol, vwpitietansi testalactols; amsi- mﬂnalssycrltds@milmgalmﬂimguem)totane,

crypt oph el I r dol astatin;
uoear my oiighel RAE b oRplsher Skl ARINE bl be AR ADBRBHERIDe 1 T

el eut her @b'lcquldepanh)pbt/lilismceﬁcmenlbsra;elrammrmeybemrabspbrbgﬁasttemqdatraxatbr ogen

nmust ar ds 5 agrhH. I m de,

Mo rawst?ﬂggah,&e ga?eccmc@g @H.e eﬁ{iﬂﬁﬂﬁ H@%h%h‘{lﬁlac&&? g%?ﬁtgﬁéc}% Pkl

hydr oéhl etoglieid; g@lilphmkram,, hydeoxgurbi; déntingn; prinelameteempytansinoidsdwrhrmsist i ne,

{1 of 0T agyfansitdf A6 ahsaBHSLRY, FitoBbbASHEGARLSHC hoBRafRTIRIRE

chl orozotocin, fotenustine, stihe, ninusti and’ r ani nmiust i ne;

ant i bi ot |per§053amhpfa9am¢ﬁepl@n@¢hnyﬂr@omtrprtn, mdooby"(nsc a<gd 2- ¢thyihgdrezads; ci n,

especi al |

Agnow, R PR ol ORI bin RGBS NALE R eI BR) e O
dynemi ci mhigoxitsizpfiramshiooegireanium ierivazegicek ddirierigeang; a2, 2ésper amcin; as well
as n%cawm&haﬁymn&brtﬂmm s %&gemw 2 hx N GHRREPA %nd.ﬁgx gayne

ant i obi oti ¢ chronophores) aci nonysins, actinonycin, authranycin,
azaser i nénglml@nv@ﬁm vméas@tet MWQZIW,, m@mroablsmenmltebmmﬂoﬁwwfpl

car zi nOpElplobr%maﬁ fgaeﬂmy s.lab.ﬁomaﬂeqc/uar@w%l@ggg@g HROTHRL G t@fou%;eg g ubi cin,

6- di azo- 5-oxo- L-norl euci ne ubicin (1 nc
mor phol i AGXSY® pashitasgl{Brigtola YbrtsrSanibb Onecleizyx Brindgtoni N.J.), ABRAXANE

2-pyrrol Idﬂanﬁtnespﬁ&bmsm.n%g.ngéwyﬂemﬁc@fo%mnon%@'psclﬁlaix@u' (ameﬁmr ubi ci n,

i darubicin, marcelfonycin, mtomycins such as onycin C, _nycophenolic

aci d,13nodhtrmegeetier] RertnerspbaumberepBlinoishsep HAX&RHRE(%W@tanel (Rbmenycin,
quel aWClpeuleﬁmcs?éﬂJJ&ht%hﬁ Frﬁ]rcé)eml&gﬂtﬂlil'l 'hmﬁtAﬁ@tg%Qﬁdbme 5 uhehughidd; N, ubeni nex,
302|nostat|n zor ub I clin;, ant |-neta olites such as nethotrexate and
5-fl uor omea‘i?P‘IOP‘(fslﬁF'U)’thOtff‘dP‘iecpl%w‘iuﬂl aaplagoyeiess cislatin aad erebepistiar i n,
et hot r eXafpfstifl FAGHINE kloPeside’ (VFBleH, SoshRidePHitbDAraRAl RARKusUCh as
f1 udar abi ne, 6- nercapto urine, thiamprine, thioguanine; pyrimdine anal ogs
such as AHEYELEHNE® vingralbing; ngiv#nsrongs teposide:shsesxatefanpamxcin; apingpisbiine

di deayy Uik i Soandtexdid; litdietbMEsanPRRs &A1 DRinclddmEURd t@éanﬁenmgrn%%lﬁs such as
calusterone dronDstanoIone pr0£|onate ep itiostanol nepltlostane
ofip

t est ol actigtEcampith 2-E5rasd duso t%‘SW’ﬁﬁgPQJ?'&T RFRi2980; i t ot ane,

trilost aramuom%euayuamtmné EMIEO); $$1§\61d§ b’tfch aa.?et.f\&@u.mlcﬁ Rfhtfne; acegl at one;
al dophospham de ¢ )(/c05| de; am nol evulinic acid; eni ?ur aci | : amsacri ne;

bestrabu@Pmb’eBFté%{htrEéﬁé\ Eobpsteroqmibs REVHMIDy ienalidemiderdsncewirii (h¥): di azi quone:

el fornit iakm 1atifl] intIRdihglihe Bk AHRKiA tr@atmaR r@gm&mmdm@m%m%rysf EKCEfphhi um
nitrate; ¥ roxyurea; |entinan, |onjgainine noi ds such as

eyt arie] RED 4o HORR(E 8o IR kT HG DBV Rt S B i)

ni traeri AR panicesicany ﬁhce;nstﬂ@@nretac.dpbmhumveg éfan%' ofmX akyveone; podODhyl l'inic
acid; 2- ethyl rydr%l?g ar bazi ne; PSK(r) ysaccharl de conplex (JHS
Nat ural Pr odufts8 Incgdg H*éh's m“%w%erf@mm %ﬂsrﬁhat a5t Jpfepylaty or inhibit

Spi r oger IBMmidaBactiof oY AxAdTHE §ucﬁ@$ shti-dstrbgasé SHIQBREtIVE edtrogén receptor modulators

1?t :: L?Ph?ﬁlﬁ\/ll ﬁ%\g%dmg, fnr exa 'ectgr?l%)tﬁ%%&glﬁdl g%%%%Al%é%@Ian%ofogr)l()l n, verracurin

30 raloxifene, droloxifene, 4-hydroxytamoxifen, trioxifene, keoxifene, LY 117018, onapristone,
and FARESTON: toremifene; aromatase inhibitors that inhibit the enzyme arohatase, which
fegulates estrogen production in the adrenal glands, such as, for example, 4(5)-imidazoles,
aminoglutethimide, MEGASE® megestrol acetate, AROMASIN® exemestane, formestanie,
fadrozole, RIVISOR® vorozole, FEMARA® letrozole, and ARIMIDEX® anastrozole; and
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angui di ne); urethan; vindesine; dacarbazi ne; mannonustine; mtobronitol;

m t ol actol ; pipobroman; gacytosine; arabinoside ("Ara-C');

cycl ophoswbaniidspisshi ot epa; taxoids, e.g., TAXCOL(r) paclcrawseé100Bsvst ol -
Myers Squi bb Oncol ogy, Princeton, N.J.), ABRAXANETM Crenophor-free,

al bum n- engi neered nanoparticle formul ati on of paclitaxel (American

15Phar maceuti cal Partners, Schaunmberg, Illinois), and TAXOTERE(r) doxet axel
(Rhone- Poul enc Rorer, Antony, France); chloranbucil; GEMZAR(r)

gencti t abameandgogens woluasfiuvtamidermilstamidophicdlviamidedeupotlide)ead epseplliatdsweth anal ogs
such as ¢j si de
(VP-16); ggl ?@Jg?ﬂdb é@g%‘%ﬁ;&ggﬁé f?%kgs'd%l/%)ﬁ% 'P‘??H‘ﬁ@ rﬁ%@&ﬂ%\%ﬂ&%&vghor el bi ne;
novant r onarticulartyi thessivchech intdbit expressien ofc@ummylgnaimg anthwaystioplicaied20x el oda

i bandron BGAon 1), (] [

rogi mon oy rent CHBRAAGRnt FRENL B 3RambiE I hpbd, Rt B8 BB AREEIRT L o
RFS 20002s dVECH sxaston igiiioni(e-bi ANGIOKFYE® rikzymo) aid adlkR? easressmrl noi ¢ aci d;
capeci t akyjy gﬁgﬁ by i domi de;

| eucovorin ﬂ)?ror Q;Q&g{?g @g%gﬁnﬁme}éﬁg I udi SPQ{;rﬁSZ@ al'dlsL @l R otreat %Er?g%ft regi men

( FOLFOX) LEUVECI NG vaccife, m/&xmvaCZ@%ROIbﬂR@y® EGIQRL(JBT@TEC@N%U ni b

(Tar cevaiaab)sofaqse\ﬁﬁﬁ&rt RBARELES FnRA! VinblRidd £ Bl 8l LhgIsTpReul | cal by
accept abl e sa acid erivatives’ of any o Al so

i ncl udedNond.6Hi, K 7Hend pharmanqutigally asentathiosaiteaaids eiytsrivativeheftanpofthe o regul at e
or inRpi bh,Lornmone action on tunors such as anti-estrogens and sel ective
estrogen receptor nodul ators (SERMs), including, for exanple, tanoxifen

(i ncl udi ng heApEX(Prodregree xseddmthis applicationiefessie 2 pcaisondr fdertive form

4- hydr oxx%@méc%a,cahy bt mo@encekﬁms' nés‘;@ﬁmom&%%?c BQQIBRAN?J £ and
FARESTON. torem fene;” aromatase inhibitors that 1 nhi |t the enzyne

ar omat as @areRiidrugand dapabieef being coryantienllyactivated r ponverted intd thermore gitivads, such
as, for exammbe. sted)g i Whiflas bR émmgérl@h@mahmas'ﬁ B,B@%%z(f&cogegest rol

acet ate, AROVASI NS r) exenestane, fornestanie, drozole, RIVIS

vor 028l e Traosrirmg 14 ppe%7|503§84QéSthd‘ﬂ@FtlARBw@EX@@ﬁa%@ﬁeBwlaé “Prgtlugs: A

anti - andmaﬁmﬂ Asdy;dac% fakgetéarnrd%mwew BIF&&s DR TR A B Grard: E4Pr Ol 1 de,  and
goserelin; as troxacitabi ne 3-di ox0l ane nucl eosi de cyt osi ne

anal og) ; ("é.’r?t lvpséﬁs%% W%%%F%éi?gébs“ew&?dﬂgé @f s ipvanters ackupg, R aramitbi t
expr essi Qmited togﬁﬂﬁﬁ'\atefboﬁiagﬂ?é ﬂrMu%&thlbgﬁd@hdté’f%dtﬁﬁB groumg@lgm%@nt cell

proliferatiaon, suc for exa al pha R - Ras; ribozynes
such 5 aéo%a‘WEgszoéR’]Sf éﬁgidéﬁoptﬁﬁlnﬂlpf‘tﬁifug("é)‘gm'"%Rl@'@f‘f\ﬂé(ﬁ“}df%sbozyne) and a

HER2 26X P88y Ritdiphdtinkts | Plactadaofiahg p‘i&ﬁu s25ptiORAIS shid@fady vaccines, for
exanpl e, ALLOVE IN( vacci ne, LEUVI (r) vaccine, and VAXI D(r) vacci ne;

PROLEUKI RPGIPXYapgtamidecoipaipsne pradyye; of ?Pﬁev%Msa@éedlphFWCBtiawﬂe-cosAth@L| X(r)

rRH; Vi B%ﬁ]gbB%o&’&%oﬁ%@%@&h&|5rﬂilofo%ﬂ@1npr%druE@-{vhlcN@anWec@%@ﬁ%@?&o and
phar maceutically acceptable salts, acids or derivatives of any of the

10above. the more actiyp gytpiaxiffrep drygr Fyamples of swptoxis drygs thageanibe derivagzedriaioer s to a

pr ecur sok pRIdrugebiny ok udedn tHIY MV éHkioRindRaE, BBCRUA GRliled tARlobye substance that is
| ess yt otoxic to tunor &Fgl |.s corrpared to the parent drug and i s capabl e of

bei n& enshamotherapeyts agents deseriigd gbovEonverted into the nore active parent:

form See, e.By ‘radfidiBherapyPliOdédndthe usk SEARERLd @hﬂ@ﬁﬁ&fr@&){ TaySk®mAe cal
Soci ety 15JTr.ansacti ons 15th Meeting Bel fast (1986) and

Stella efUfffient d'a'ﬁ?%f’ot?ﬁﬁ%'}soﬁséﬁg'ﬁitétélab'mﬁ? Etl'f’“t'B"‘T%ﬂyg)éf‘b%FSWM@e edl i very, "
Di r ect edal¥gatpeDat willie)apprBeinte i thatkhere tvildbe may8hyl knddh in2Ke/ar@ Getelhif@na Press

(1985). -tm%ogagg grliciJ (Rxsratl%L og‘glea%mclenrtw %léa prea{tnqgr!tsu z(ijrg glvlé,)rllJ gs aa gn% tlj;]nc’et
30  administration and typical dosages range from 10 to 200 units (Grays) per day.
A “biological sample” (interchangeably termed “sample” or “tissue or cell sample™)
encompasses a variety of samplé types obtained from an individual and can be used in a
diagnostic or monitoring assay. The definition encompasses blood and other liquid samples

of biological origin, solid tissue samples such as a biopsy specimen or tissue cultures or cells
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limted to, phosphate-containing prodrugs, thiophosphate-containing
prodrugs, sulfate-containing prodrugs, peptide-containing prodrugs, D am no
aci d- nodiwpediprsossugs, 20gl ycosyl ated prodrugs, P-I|act aoraseeiaiosssay
prodrugs, optionally substituted phenoxyacetam de-contai ni ng prodrugs or
optionally substituted phenyl acet am de-cont ai ni ng prodrugs,

5-fl uorocyt osi ne and ot her 5-fluorouridine prodrugs which can be converted
into the nore active cytotoxic free drug. Exanples of cytotoxic drugs that
can be ddeiivedtherasiym, andbthe pregerdrtbryedfofhndetnitiesasqg includlﬁssampivsethatihave i ncl ude,
but ar e Bod hfluidhh ih Qny WAIPAE: dRF BREBLACKAREHLS mm%&sg dnped above.

By "radi ation therapy” 1s neant the use of anma rays or beta rays
t 0 i nduceolybififation,eonenrithmanfdor agrtain Gelhbonsms,ascftas Pqutﬂmt ori pofynadiedtidesy ot 0
function pgg o] I 1 | appr eci at ed
that there w gl%a i 83 lagl;slstg 1&%18{:%&6}’?%%&an1 ﬁ’gq)%géggg%eet!r"%nn \rlyém% ge%'?dosage and
dur at Son safple’] reé\awmmqies aTlmral simple, @ad sleningludasgellyiiv evltuag cell ppernatamrs,
30adni ni gL BLAQN e R0 07 AIRSara AR ol gy ays) per
day. A’ bi&o oé%gcsgwé) fh %o foagrg aangea ;Ilt@?grrsgg éogrégfth%%g)ﬁég'{aﬁssue or
cel | samptrerly menboshddises aafrvralalf@tsly frozengad/ot eresey\wégrgabpaimedsaﬁwmran

i ndi vi dugl,,ang D610l BRI [ TR e
definiti or? encor%%ﬂtsseg %? g 6;@ @?‘ﬁ% |bg‘&'|w sanﬁ'%tggss cg%bgf%%éépg% origin,
sol i d ti gmgistie dpd @sltoglgajﬁluaboalntsrsbp@ﬂusbeqﬂsrﬁ@m any timegs gestatioh bur es or cel | s
deri vigd GYBRIGBeRBr 1RNAdil 8 PIOQRREmbIGHERL, thel g\@ins bk Ropiimd flopC! udes
sanpl es that have been mani pul ated in any “way a]g e|r procurenent, such
as by trexfimerytoretastatietwyent She bigpgiesl Famnig nancongin eqmiovhdseritichfage ndger t ai n
corrponenmauraﬁymra&eem%ms&rmngl.aé@e.'&,'aegras&eaﬁwe%m%p@%&sngmt, _

sem -solid or solid matrix for sectioning purposes term™biological 5
sanpl e" &b agsieats.antibiptigscei|thesliiepl e, and al so includes cells in culture,
cel | super nat pglife purdsts Heye%a& @s%etlo%e“*mssm s%l%%us Hk&hgguhg@'pa& tnuﬁlgce and

ti ssue sanpl es. The source of the biological sanp may solid tissue as
fromla fobaHssug sampisne.gnaiin slise eEussyees colisgahfrom attiS%'ﬁ@@“E‘aan'Se or biopsy or
aspi r at eundtrRQA Rt nRMpIORFhs 6OMSLd srah‘nﬁfég fha Q@Qkéryanﬁlsbﬁjgc?edstlf}gkhl cer ebral
spinal fluid, amiotic fluid, peritoneal Y d, or interstitial fluid;

cel I's fr @ROEHRE toitheepresantdaventian. di seime q@wémnépmmmwctﬂ%@fnmmr@ml In-
sone embadinaBddst béth toPineloR@hIcAal nivRlhelelels, 8Pk ahdheAdd (Wi sBedtd WORT Y OF
nmetastati c tunor. The biol ogical sanple may contaln conpounds which are not
nat ur al | Protgit edAuE 36idt h the tissue in nature such as preservatives,

ant i egagul ant she ot FRb&Y wfléﬁ(@Edl Hcﬂ‘@in rdTéts fd £mpouirichinpdsitton. wHih it he | i ke.
For the purposes herein a "sect of a tissue sanple is nmeant a single

part or (PHuestedpfused difesty,er 'g‘éﬁFﬁT')éto agreagent sych asjafugleic@gid probeicsdie or cel | s

cut frOfThﬁhHoUﬁ&ruﬂaéiﬁtméls Betedtion bStht! REEIS toaAficH B BlcoMUbdid drfuss @ CTHORS:1 Of ti ssue
sanpl es t aken and subjected to anal ysis according to the present

i nvent i or'f‘ay v?ﬁ%‘&?&‘e&%'a&ﬁ %re’ﬁf"@'smf’ﬂ%‘ageé%ﬁé f&l@@ﬁqeawa'aﬁdshor, é’éﬂi‘é CHERPIE i s

anal yzed eﬂiynﬁﬁ& RbéTDh ek gk cRdmidd diteTRldaGih Sibsiraty Bbripoufid of Snpatiszed wi th
respe t ot pro ein and nucleic acid. 20The word "Il abel ™ when used
TR ¢ PP gl

her ei onpound or conposition which is conjugated or fused

di rect | y Compbdiirs OF ieYniieation &ig8RGds DPRBKIAS ad Ivikg Ginfe aci d probe or an
anti body and ,I_aCI litates detection of the r(ga gent to which it _is conjugated
or fused. The PREXFIRREGNGOMPATSEs mPaRitions: 'n¢jpding phagmaceptics| cOMPGFILPRS: | abel s or

f 1 uor esceﬁlhprisaigeah&)\tl-@lépsm dntibdyy; Qrﬁl&ﬁly@fxclaﬂldai’ti)yfﬁﬁtlhg sdqadiRbs end®incai al yze
chem cal Beratl on_of s(w:])strate cor ound or conpositign 25which is
det ect apfI-hepsin antibody. As used herein, compositions comprise one or more anti odles that bind
30  to hepsin, and/or one or more polynucleotides comprising sequences encoding one or more
antibodies that bind to hepsin. These compositions may further comprise suitable carriers,
such as pharmaceutically acceptable excipients including buffers, which are well known in

the art.
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Conmpositions of the invention and nethods of nmaki ng and using sane

This invention enconpasses conpositions, including pharmaceuti cal

conposi t iwo1106M38i Si ng an anti-hepsin anti body; and pecynsedieosisdes
conpri sing sequences encodi ng an anti-hepsin anti body. As used herein,
conpositions conprise one or nore antibodies that bind 30 to hepsin,
and/ or one or nore polynucl eotides conprising sequences encodi ng one or
nore anti bodies that bind to hepsin. These conpositions may further

conpri se sui t il ievention dlexr encompastes éolafpd antitmde atd pdyriuyleatoleepibadimentexci pi ent s

| ud | The i ti
;Pgouehggﬁgg‘géﬁéﬁﬁ gg’?ﬁate %%t }Gﬁét%nﬁé@pn%‘@ poqrplbsél}cﬁngcrg%)tya%deé)ngod| rrgn!t gve_rll_h;orf

i nvent i oambhpdimedhconpasses substantially pure anti body and pol ynucl eoti de

enbodi ments. mventlon al;rch&cbrﬁﬁ\!a%&g'm%ﬂ\oaloﬁt?eaﬁnglggig aeég;@(% thbéj(gl%e(t reating a

di sorder, e.g. prostate cance usin sin

descr P bedsihgareinti-hgpsimantibadyas descrited hanetn)or aJgropogi the@ns The

anti - hepsin a&;,t!p(gg}o s of the invention are preferably nonoclonal. Al so
enconpassed wt e scope of the invention are Fab, Fab', Fab'-SH and
F(abl) 2 fragn"él?ﬂ%ltldlﬁpst'm@tléw?&ﬁéfpsnwnamarbmfeeabbpmgm@edl Wdsoei n. These

ant i bOdyeilcroﬁﬂg;%gﬁv?U?lﬁﬂer@op%ro?ﬁ\%mept)/onjag{)fa%dﬁgb' %%'srma a2 AR enzymati c

di gesti on, generate reconbi nant 't echni g ant i body
f ragnent of Wayntbbepelhlaﬁ%qutﬁs @rovweﬁ’amlzeahewh@@edy fr@g}mﬁtosn be geatgfyul for the

di agngst nGdiftH Fn@zﬁlrsasq@%s' e‘ﬁthng%%§ onEdr nt 1% reco bm nocl onal

antibodi es are obtalned from a popu ation %Q EJ tial onbgeneous
ant i bodi éshnijues. SuchigatibadylifiaEmenis manbe Mr@yrbmleél Abese Iﬁ@grpmmiratl on are

i denti cal;saiG6hhe élgénost;lc@ngﬁﬁpp&tgﬁg%g% %Ifgmpgew ring nutations that may be

present in mnor anounts ier "nonoclonal" indicates the
charact er of Meeocknel angbgdiessrapbtainsdifiom apapuletion ef substantisby kemogarroihodi es.

The anti 4j@38iH ;g0 e using
[he hybr M hana PR e oy d %‘2@2@%’%&3@@“ KR Pa B L Ben ] PR 1o
<

(19785, @pssibignapuallyseenrringpuiations st manbe BREsnHB MHRRISGMEUNS, TiRstthat  No.

4, 816, 5671)od1ﬁer monol:llanatlhﬁ\dnﬂtgf ihg%cf@%mgamﬂ)o&@éé%t Qélné)fl RAtur@BPr opri ate
host animal, such as a hamster, is imunized to elicit |ynphocytes that

produce discrae@nibodi¥pl e of producing antibodies that will specificall y bind

to the prot elmmﬁmeﬁﬂmth%tlb&% ot iReRiRTal Be MERSIsheMRY be raised in
animal s by nultiple subcutaneou i nt ragerl t oneal 25i nj ections

of hepsi ﬁy%ﬂﬁ’ﬁmﬁﬁ‘eﬁ‘tﬂ’fjlf‘\/%ﬁ?sc“ﬁ’lfé'd’é’llﬁff’g’fﬁﬁ‘ %reNﬁFF‘éepé APy OHﬁIahg%lg‘aWel | - known

in the ambyrecsMbBa DNKInethody ® .. PalehtNo. d836569ed herein. For exanple,
reconbi nant production of human and npuse hepsin is described below. In one

embodi ment , alRithelybrideraa mathodh 2 mayssriothen appEgnsiats hpgtoainal.suehds arc portion of

an i mmnqaaha&wismﬁmhﬂaém«oeh@t lpmplhd%y@s Paeireduce ok RKELRHHHIEBNGrodR eI S are
i mmuni zed Wthtglf: sin fusion protein, Animals ordinarily 30are
i muni zed"hgdieH t‘iv‘ﬁﬁﬂ‘?‘r‘bfgcém kind tyihe prateinsused fogisamynigatigr.sApibodispia n wi t h

hepsin may be raised in animals by multiple subcutaneous (sc) or intraperitoneal (ip)

25  injections of hepsin and an adjuvant. Hepsin may be prepared using methods well-known in
the art, some of which are further described herein. For example, recombinant production of
human and mouse hepsin is described below. In one embodiment, animals are immunized
with a hepsin fused to the Fc portion of an immunoglobulin heavy chain. In a preferred
embodiment, animals are immunized with a hepsin-IgG1 fusion protein. Animals ordinarily

30  are immunized against immunogenic conjugates or derivatives of hepsin with
monophosphoryl lipid A (MPL)/trehalose dicrynomycolate (TDM) (Ribi Immunochem.
Research, Inc., Hamilton, MT) and the solution is injected intradermally at multiple sites.
Two weeks later the animals are boosted. 7 to 14 days later animals are bled and the serum is

assayed for anti-hepsin titer. Animals are boosted until titer plateaus.
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nmonophosphoryl lipid A (MPL)/trehal ose dicrynonycolate (TDM (R bi

| mmunochem Research, Inc., Hamlton, MI) and the solution is injected

i nt rader mmbl2g1iaisorssl ti pl e sites. Two weeks | ater the anPomls2@0esizoosted. 7
to 14 days later aninmals are bled and the serumis assayed for anti-hepsin
titer. Animals are boosted until titer plateaus. Alternatively,

| ynphocytes nmay be imuni zed in vitro. Lynphocytes then are fused with

nyel oma cells using a suitable fusing agent, such as pol yethyl ene glycol,
to form a hybAltetoataelydlyinplidSytés mgy bdviomowiizsd &t vigat Liroplioeges theri are fysédks and

Practice (A | s thus -
prepar edwétp%@gméqgns ﬁﬁ’ﬁqsghm%lerﬁsggggﬁwg@)as %‘ﬁﬁeﬁr@x%@}(ﬁaﬂm t Jf] preferably
cont ai ns hphrisoma Cdb&Ce)dmgvamimvsl Artiodien Rrinéiples ared Rypoigeppd®-ar vi val of t he
unf used, R@aﬁ&ﬂitc%k Swgk cells. For exanple, if the parental nyelonma cells
| ack the enzyne hypoxant hi ne guani ne phosphori bosyl transferase (HGPRT or
HPRT) ; t he cuThehyéridamahi aghs thus preprsedaybscedidrand gtoyyiie aklitablgichlturg metlivaie
hypoxant i j di (HA i subst ances

o event  HiacereteBLSRAR: il or ity WG ey HHIST QL U P e el T
are thosen@h‘dt parensal myklomaicelin: IFpr exampisol thespaeenlabmbi¢lemha Fedls ddck trepdaimmd on of
ant i bOdyh oxgrhﬁm§%laﬁﬁ%%gos%%r'it}ag)q\{raﬁrfé?gg‘%HGER‘F%* hisRT)'igfé e ﬁﬁpn% five to a

medi um suc ium Anorig these, preferred nyel oma ce I nes are
muri ne mjesitierhybridoreas typigadlhi walk inchyde by pguanithies amingpreDRE! thymigies (P 11 nouse

t umor a\’r@ﬁ’uﬁ#'@hl UuBQﬁncu(}ﬁe\gﬂ{ tlﬁe b%wtﬂ $M®@héﬁcgn§$eﬁl§ bution Center, San

Diego, California X63- Ag8- I's avallablefromthe
Aneri can TypePrefsredimaelomh p@btareothoseméﬁw Fflféle“tWP‘mPalﬁéﬁalPJSl\lghﬂﬁmhn nmyel oma

and nous chaUEH%'ﬂ o?%t%BWhQE@ec&%'ahnﬂddSJ%?odaénﬁ cJ1@Va%d9§%9nsﬁi?v%%ébed for the
production of human nonocl onal anti bodies (Kozb or | mrunol

133: 3001@@98@)suclB@sde]rneéwmalAmormshﬁ@wmfwedwinlPﬁmmpw Techni ques
and 20ApRiyeofalIABS such Qs th%ge RAvEdMREE SoHRKK & MPEG 1 moh@yumgfs&valﬂagﬁn ) -

Cul ture médiumin which hybridoma cells are growing is ass

pr oduét i diemahe pk bétl@ﬁéielld?fﬁmb@mné%n@r, Sa Piego é"gaézqu@ %é\pgrrqgl’ bP{ef er ably,

the Dbi ndixpg. A@g%ee“slsfcmsl i1 dBle FOANAE APk RAHIE ToRERBH AER KM, Ny DT | doma
cells is determ ned by i munoprecipitati'on or by an in vitro binding assay,

such as ™MadylaadHemoHyBay myreny agsd mes-hnmpan lreﬁﬂ{@ayeifavwﬂrl@sﬁ@wﬁéﬁt assay

(ELI SA). been descrlbg-(hﬁ)rhierﬂ)%dﬁgtl(ﬁfc;fhﬁ\hﬁlymé)rfoctohﬁ aYces boR Dt iRAY. can, for
exanpl e, be determ ned the Scatchard analysis o Minson etal ., Anal

Bi ochem ,133:36013%84); 1998@)‘" et al., Monoclgnaledntibgdyc radusion Seoaiausseni dent i f i ed t hat

produge a@;;mbﬂghseﬁp i -68 MalderadekRel, MBEREN Yo, YosAY. finity, and/or activity,
t he cl ones maé be subcl oned. b£ limti n%[ dilution procedures and 30 grown by
H ¢

standard net hEHkure medirmgn Whish Sxpritenme calfsiarheaingis 355aypt fop PEJULiR oPr act i ce,

pp. 59- 10%1&16@&%3?\%0?6@&?&&&3&@5)hep§H| [ 5 0E) dﬁ@ﬂé&ﬁ&né@%nﬂcnﬁ@’f this purpose
i ncl ude, for exanple, D MEMor RPM -1640 ne In addition, the hybridom

cells quygclgqaéwpbpﬂeqmrg@c&% by ybridema fel!llﬁ.bﬁ,@tepﬁmaqlb)é_mlwmoprecmltatlon Ofhe

nonocl onaly aAM #:h6 Bining 86y, 8hdiths RididiMMuBaGl RBS orEdymullinkdd y separated from
the culture nmedium ascites fluid, or serum by conventional i mmunoglobulin

puri % cat“i"B’H"?ﬁd%E‘iﬂﬁ?sé@’ E¥Vas, for exanpl e, protein A-Sepharose,

hydr oxyl apat i ree Gihdingaiagy aﬂlheymomlonalaaﬁwd%hmrf@s:kmplelibaldyﬁirﬁinecwy affinity

chromat OQhreaé)cg%hard analysis of Munson et al., Anal. Biochem., 107:220 (1980).

' After hybridoma cells are identified that produce antibodies of the desired specificity,

affinity, and/or activity, the clones may be subcloned by limiting dilution procedures and

30  grown by standard methods (Goding, Monoclonal Antibodies: Principles and Practice,
pp.59-103 (Academic Press, 1986)). Suitable culture media for this purpose include, for
example, D-MEM or RPMI-1640 medium. In addition, the hybridoma cells may be grown in

vivo as ascites tumors in an animal.
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5The anti-hepsin anti bodies of the invention can be nmade by using
conbinatorial libraries to screen for synthetic anti body clones with the
desired awOi20ittopo8 activities. In principle, syntheticPamtushadpsishones are
sel ected by screening phage libraries containing phage that display various
fragnents of antibody variable region (Fv) fused to phage coat protein.
Such phage libraries are panned by affinity chromatography against the
desired 10antigen. C ones expressing Fv fragnents capable of binding to the
desired anti g'@h@ magneclauid entihedies secteted batieisgentoranare shiteblysepraated fain threom t he
non- bi ndj ' ' n eluted from
the anti B‘gﬁ" dg‘ﬁiégﬁaggehﬁ férﬁé@%ﬁ Lc\ﬁegg&% nﬂgu&%@(%ﬁﬁ‘l‘%@ﬁ@ﬁ of antigen
adsor pti pwk@luws s as Kﬁl}ﬁxalﬁlplemotamm Strbpoia hadwx&bmdtlteshl@fnatomph)ngelntl on can
be obt ai py i en screening procedure to sel ect
for the pﬁgm Xorﬁsgigﬁ%fggor% e?tgln? ?’I%I:Rgd by construction of a full length
anti - hepsi n aFteiabadigpsel ambomglorﬁgletIMnﬁm @efumadey dsmgrromhimatotidige cl one of

i nterest : in Kabat et
- Goqats e 6, RSBl SRR ity SRRUERGER BERAIHEED o0 N 1
Publ i cat ponrigd, s@Ritic aBitodp sldaesvB selE0@d by sopeshimg phags libfmieescmtaplizg y net hod f or

generati o E§?§B 20The
antigen-ggﬁgpﬁgmgﬁﬁékﬁog?ﬁ n%g%??%% ?ﬁbéﬁbﬂéﬁ%ghgﬁﬁﬁﬁ?mo akléb1e (V)
regi ons ofoteirth ciych phage dbiaries ane pansed yrpdfimaohromataaraphie agdinghthe degirgd and heavy
(VH) gha t

Compl o ey sy e A E R HALE I PARRB e 1 be
di spl ayeéadspibad to thnantizen and thissgrarates franethe agn-bindigk elon¢sai theHibraty cFhe)

f ragment ' ' a ort,
fl exi bl eﬁ'ﬁ‘g’B? @ﬂés‘é&t\@gé@‘g }{L%]qﬁe:aéﬁ érfllf Lsr%%ltdlrjlxmﬁ ﬁ%qﬁge%ﬁg ggdég%'ﬁhf used to a
const ant cyaraf antigeriadsprptiprielitiono Ay of e enti- -hgpsinzagtibsias iof Bednveptionjcan er et al .
Ann.  Revp, J)Wy des%n%ng g‘ﬁﬁfaél@%nt(g%ﬁ?&éenn@%r&%@tge H)es'é@btrfor g E}Va @@I%Qéj' ng phage
cl ones and Fab encoding phage cl ones arecollectively ref erré to as "Fv
phagés ci ehigtsresigfpliowmd by| C@nférsmtlonmé Bévlt lengtle antphepyipl apipdy/Elogevsing thahv be

separ at ekygu&lcanedhn mé pHQée%mE ?F ﬁlte?@?én'a s§@abie%ﬁ§térf? Peg(d:) s@tﬁ]ﬂnée@conb' ned

random y in phage libraries, which can then be searched for antigen-binding
cl ones adesgeledrin ISé‘éPt ?trfdquerfcemmrotemwfdmme&/ogwmfr@w Fifth Bditien3- 455

(1994) . NiPabiicESorf 910994b 'ERILELADIPIY1§ §S1sPT-9V hH exdhdidty fleloBirdry anti bodi es
to the inmunogen without the requirenent of constructing hybridomas.
Al t er nat BSneTajing ariishepgin gatitodise psidisclogedd thetixamplshed t o provide a single

sourgg of hurmpp aangénm.@gsdm.@oﬂ%qﬁmroaﬁg%medrﬁ% ﬁ%lvfanm(val &forgel f
antigens w thout any inmunization as descri bed ffiths et  al., EMBO J,

12: 725- vhaboptild§aminopcids, qng cach ffogethe |i &h*éw)e@déawyé%%cws@aéwﬁym hetical |y

by cl oni egsénhﬁ\reém@s@wraeg%pyog&nﬁ)leﬁﬁgaﬁ@t&t%mmgﬁagmsqeﬂné) Ahdbiesi ng PCR
primers containing random sequence to encode the var| abl e CDR3

regi ons ﬁ?l‘ﬂa'f‘socaaé’ﬁ displryedruncdgnally op ehagatcither aysingls- Ca%'" gﬂé%cgﬂ frRemensy,
Hoogenboamvaerv W sHdeVL ark cdballentiBlifMed thrévsha sB&L-REB1e(pLRRE) or as Fab

Fllarrentous phage is used to display anti body fragnents by fusion to the
mi nor> codEETPT Y &Y Whigh they afFrféC*aﬁfeidB%aﬁowabq?émrsanéamers@ ngp-§pNaleplY a8s singl e

chain FVdésb.amemmmeﬂ@amr@thmothdmmm]@mse AOMNRE6EEH, RRvt he sane
pol ypepti de chajn éf‘a fl exi bl e pol ypepti de spacer q:tg as descri bed by

Marks et e ppges clgngsand Fabencodipg phseecleneygre collegtively refemedipps Fynent s, in
whi ch onghdgBaloRes!' 8r TRYSRed'0 pill and the other is secreted into the

bacterial host cell ﬁg&h}iﬂg ere ssenblé go @ Fab- coat rot ein
structure whi cHBYES di" Sfﬂ.ﬁ?é%f °8h °% frRarp Floned by BAI¥MESe E'BI aci ng sone
of the vv'rdadnotnxpeR):mtreqamtreu i’eﬁldorﬁlygn phag$ lislaa&! whiehl cinthdlogesbieamret al .,
Nucl . Aci ds Res P % % W‘ 2

antigen- mdfngcones as described in Winter ¢t al., Ann. Rev. Immunol., 12: 433-455 (1994).

Libraries from immunized sources provide high-affinity antibodies to the immunogen without

the requirement of constructing hybridomas. Alternatively, the naive repertoire can be cloned

to provide a single source of human antibodies to a wide range of non-self and also self
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In general, nucleic acids encoding anti body gene fragnents are obtai ned
from 15i nmune cells harvested fromhumans or animals. |If a |library biased
in favor wb 2antdsetsepsi n cl ones i s desired, the individucTits20mmsssveed Wt h
hepsin to generate an anti body response, and spleen cells and/or
circulating B cells other peripheral blood |ynphocytes (PBLs) are recovered
for library construction. In a preferred enbodi nent, a human anti body gene
fragment |ibrary biased in favor of anti-hepsin clones is obtained by

gener at i ARIZANS itiout dnypryimyni2aiiontas Besdipbad by SuiiBibs prelt EMBOGRh2:J26478%€ carrying a
function YA nal
endogenoﬁis”%{ﬁ%g%’y prgg%@?#%hqggggg]ngésr uch t(cqﬂ ﬁgﬁlg ﬁ]eﬁlﬂ’{ﬁl %gfl on gives
ri se to B-gapbegmentsdamistem pallseand aming B@Blipesle'agamtmmgh@psmneqwm tgener at i on
of human ikt e fhinBvarksiL BRS ke 3 & ofilch P ARSEERGRh Afs g Add] ) onal

enrichment for I"-hepsin reaC|ve cell uatloscan e obtai ned by
25usi Ag desguqué?blwogmbe@n@n@wpmt@reédmle&plo 22§C§I8é13§8 89@k | s expressing

hepsi n- speci f g IR fHage Q(alsmo %@Bl‘a?%%odﬁﬁ&me{]@%ﬁ-ﬁl idn t§ AR3NALI g Wi th

hepsi n affi ni t&;l chromat ogr aphy or adsor pt’i on
f | uor ochPfia p béfihedntrbeéxfrhgmmﬂcm/é@ldlwayfeﬂ@wag!@ phnatlé\dfrwemtssmmhnqhg ( FACS) .

Al ter nat el vt findiRGrdonRRIRARA kBt paPlipalic Shafmy asﬂeQLblé)(EJ])gﬂ Ft'."ﬂ%ts from an

uni mmuni zed donor provides a better représentation of e anti body

repert oi FRACCTanE BOBFSGeDRY Matks et e/ rsBipliCZ2:0r8 OP7 AkPObNpr aﬁ(fdy library

usi Ngoanyraghddi@in WALHIEH Bhink rkof'{]seialw'F@l) and RRGIURS is' sBerdfll il MEBRddial FoshOt
anti geni Cc. For libraries incor porati invitro anti bOdyq"Fgene constructi on,
e

stem cel F&! %‘Pl“@laﬁar“ﬂ?é@taéiﬁmlbfyd?ﬂat‘:%‘c?%Hioﬁ“ﬁﬁlallcmfeow*p?lb‘ﬁcﬂ@ lavedomci ds

encodi ng méryh@g%rsww%sd d%Bfabth%&ﬁmﬁe Wi oat pr&faﬁ.slergnga%esfeﬁbédsmof i nt er est
can be obtained froma variety of animal species, such as human, nouse,

rat, |agbiepsspheom rihr Vise, Acé‘ﬁlﬂeﬁew 14513r‘h‘é7(1p98ﬂ)c| ne, bovine, equine, and

avi an speci esp g@héal, nucleic achld €hQ@umgARtidd§ 8GR FHaBRe RN bk BOEMeY AEMADI € gene
segnents (including VH and VL segnments) are recovered fromthe cells of

i nt erlést MR haryesigd fiop humancogaingfs. Jenlibrany diagedsotavanef apti-hgenie

l'i brari esjonéshedddp&d, ﬂﬁdndm&msnmhﬁma@a RUtNRGsiYo g&,@}a&tan%n&ﬁ Q&b&nsPNA or mRNA
fromlynphOC)(tes fol | owed b ynerase chain reaction with priners

mat chi ng2ihwplesn cellsgndfor %WH@X'%&B Fellsothsnersihernl biond 'Wp@éﬁé%("%s)o?é%cr i bed in
Ol andi  edcdlered fBF Msrary Nadstructnath a fieterred b3IiméHR a &R amibady £eh289) . ther eby

meki ng diverse V gene repertoires for expression. The V genes can be
anpl i fi ed2EPSYHRBRDiasAd indayRs of entichersin slonstihotizipsd tﬁrgeﬁ’ﬁi’té"geﬂ‘ aptirgensin end of

the egonamieadiesgbnidia tﬁﬁdngﬁn@cheQ@ﬁﬁhQa ﬂﬂl@tl(frﬁfwiﬁ{a(ﬂ iRmuA®lcbuRRg&”d W thin the
J- segnent asaglcﬁscrlbe in Ol andi and in Ward et al., Nature,

341: 54425%6apd geldye a fuggliapal e“d?gﬁPo‘ﬁﬁBtI‘ti"fiij PW&“‘T"PB systasnAuchihatbersin ners can

al so be hamesizition gives ﬂuseaderceWM@&gdeﬁSﬁmedd,esrhgammﬁpsﬁﬂ athe, Bi otechnol .
9: 88-89 199%%31 andfor rinmers wthin the con (ﬁ reglon as
descri bed ptieR ety ‘V‘aéta"‘é yeing f@jispenicapige s degaribe %‘“? 86: 5728-5732

(1989). To neaxddnigmal ﬁ@lmh&m&maﬁﬂi-lh'épém rdRgenaiigpopuls@ihs b be obtained by

25  using a suitable screening procedure to isolate B cells expressing hepsin-specific membrane
bound antibody, e.g., by cell separation with hepsin affinity chromatography or adsorption of
cells to fluorochrome-labeled hepsin followed by flow-activated cell sorting (FACS).

Alternatively, the use of spleen cells and/or B cells or other PBLs from an

unimmunized donor provides a better representation of the possible antibody repertoire, and

30  also permits the construction of an antibody library using any animal (human or non-human)
species in which hepsin is not antigenic. For libraries incorporating in vitro antibody gene
construction, stem cells are harvested from the individual to provide nucleic acids encoding

unrearranged antibody gene segments. The immune cells of interest can be obtained from a
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incorporated in the priners as described in Olandi et al. (1989) or Sastry
et al. (1989). Preferably, the library diversity is maxi m zed by using PCR
primers twogetie3oiss each V-gene famly in order to anpl ipCy/usbkéiomassbl abl e VH
and VL arrangenments present in the immune cell nucleic acid sanple, e.g. as
described in the nmethod of Marks etal., | MIl. Biol., 222: 581- 20 597
(1991) or as described in the method of OGumetal., Nucleic Acids Res., 21:
4491- 4498 (1993). For cloning of the anplified DNA into expression vectors,
rare resvanetyt ofaningl sesies,anchbe h'umarr ovhusee cht,\lagoliorphb Heprif€R apink ffelineas a tag at
one end cri in Ol andi . (1989), or by further PCR

anplifi c rlc'gﬁ v(\),iv"% gu'f‘ a"dav'a"ripﬁ%'?s g‘s described in C ackson etal., Nature,
352: 624-628 TG\lchQd_aqnd %Eidapgarttrbnd)e@nalblegwtsb@nerme(hdcyxdngam anigeld V genes can
be deriv [ V_gen fit n vH
segnment Sg%g{\?gts%zirg re%oYere r?dpm glg céalls o?%m?esE §?drae|¥?0lrtﬁte§ dIn tﬁ'e SE n?rrf‘ar egt al . |
Mol . Bi olVH an@Vi; geﬂ?ﬁbriges (htgesm)eﬂ Dl\béndnrbappeuiec( bﬁpdamr@genmwmmdxa et al.,
Nat ur e ncluding all the
maj or con oAfr rﬁ&'o?ﬁ f{ﬁ)ﬁﬁg&d bﬁcfraﬁé%fa% %crgglc(? @c}'s hop r'g:rjneerrlser ate diverse
VH gene nepbm‘gdlerSéencBﬂwnﬂhofPéﬂﬁapquﬁﬁ ande%b geliemngs dd?.crlbod) psOwdndikét vy se

sequence | | K e nte Mol . .Biol.,
227: 381 Nf’igfg%’l 5‘2\/&/’2?& gjxl(glrjeglfs97 gqgg)a{a.ggg %ﬂg%errs?%ggTel t he sequence
di vgr sit yePf:mesécd ekpresionoie MZehesopn xf angpligicdh ffbm cD&Agard gasongie HNA,bed i nv

Bar e . ' 7 992).. Human Vic
and @E stehﬁtltr}e)?]ct %%?e%esne@fog%eec&gﬁn?cg@g%gg(%edﬁ}? ?ed-ogéﬁ' ]ac?g i}onrg@%jl i ans and

W nt er, Eumers Ibasedi mithimghe J-se2@enthd 8&cribk@lin OllO8R) 3¢ aar(tl%eaamdbe Wsdel 4.0 make
Syntnet: Rl G0y GURLRG (05! AL o UAbL Bl BRI ol ARG B Dased, on 2
consi der abbased inrthecleadentxodiay dessiitied in Jokd awi. ,r@otadpﬂlol f9: 6&89 OIP9bX and- gene

encodi ng (DNAS P rra i i

accordi né to tpﬁg%ésn%ehﬁgglgc%?&ﬁbéggngg%ﬁncrgﬁ% r&’%ﬁ%}gaﬁﬂ%ﬁg}dméyﬁ 58 227:
381- 388 (Y8256 5728-573REIA8P). Ol arreaximize gorupliroetyarity dgeraracy wabebe const ruct ed
by combi fichihoridadthe flindRRE AL ERFRIPOIER LAIKI I8 of BispYal Qhodtys. Each
repert0|re In d erent vect ors, e vectofs reconbi ned
i n vi troPregergply, theslityasy divietsid isimmxpoigedetfyeiseg £CR prw@targmlzstqe@gh Y28n¢ 1993), or-
In vivo % %ﬂ%*d@%cﬁmﬁﬁb dllnafvgl‘ljatb'le% aﬁi \Y3 arr&r%@mk geﬂﬂnqm) q‘ﬁrﬁﬁ\@ 'cgf"d in

Wat er house uc 6 (1993). The In vivo

r ecombi navqleﬁa%w@é&n ge@ép!e%ﬂ"i)gd IM'@ m%ﬁbﬂiﬂféﬂ%kMPUrJeW Brdh23%: a8hent s to
over ggie sbJﬂ@ 9bl)rE'r Es &Qerlﬂe@'ﬁrﬁtﬁé’ methé&of ORASLYL Wuch_'ezc ,&‘?Jls'ReE r aNIhOrARRI on

effici enCéﬁ Nai've and VL repertoires are cloned separately, one into a
phageni d (E§98)- tﬁ?écle@'nepfthmraplsﬁes%l%@ﬂptﬁsswwtwww fepiFighianssessgap t hen

conbi ned b@%tr@ﬁ'&g@“ﬁtﬁﬁ\% PO pitheRB 2GR bitk h@12% MsByitRd iPBARRS bkl S(@gstgpat each
cell contains a different conmbination 15 and the library sizeis [imted

only by Phey Wthes&iCRamplidicationsribadpgeed atwenas deseribed ip fdasksonBoelh Neset.or s
contai n i3kp.\6b¥@28 @991ybi nation signals so that the VH and VL genes are
reconbi ned onto a single replicon and are co-packaged into phage virions.
Thes@3huge | i BersFpies ogﬁwea%a“wawgréng?d rtbganes «an bederised én vt frewdy &apeof good

af fini ty sédiehtsOMoalsite HuthalVvH- Qén%@égi%{s\hﬁ'l'%eeﬁ BienddeR8 kdRERES (r &gﬁﬂte@e cl oned

sequenti al | y into the s descri bed in Barbas et al.

By oo O i Tomalstns erssd, 7 MILBiolg 82776 THBHID R G0 Pt (ABS AN MICEEet hor by

PCR and thevast engsl, 3esw94 mjecﬁ@seuaﬁ@h deélngtsa@mﬂ\g?atllahe majbRt ure, 352:
624- 628 (1991 - PCR assenmb ICS_ilzilcan al so be used to join VH and VL DNAs with

DNA encodPHermatipnsefths il and a@gaawewgfww §1Vﬁr@1= ¥Hegsas iPERPiEs cFy)
repenboi Mmeh PORpriters aia@alhgem mfsmmsequen&eha leR&R a2 8&6MMMYn IS used to

moi VH VL 1 PCR 25and th |
oot o HoaBephoqrt RO s 1oL Biglo GET BT ¢ N0 Vot GReTBira) Son ARG BE | Aci d

(ReS A 20 88wtk BB the etk dwersxty fochdr@ iatonpedilesp @@?ﬁgﬁeﬁgb%sﬂadf\fl@?d [ Er aries
either n e el a aftinit of about
106 (o' 109bNPe S dPn el SaLhRcT Ot A 4188 BB YA n vi 1o by

const r uckégi@gnshave rsrtiendd aagd sdguated @eppredinyW i llidnissdnd @8ines Amescri bed in
Wnter et al.
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30(1994), supra. For exanple, nmutations can be introduced at randomin
vitro by using error- prone polynerase (reported in Leung et al.,

Techni quewonilosaf381989)) in the nmethod of Hawki ns et al pcTaAIS20Dl0535Bi Ol . ,
226: 889-896 (1992) or in the nethod of G ametal., Proc. Natl. Acad. Sci
USA, 89: 3576-3580 (1992). Additionally, affinity maturati on can be
performed by randomy nutating one or nore CDRs, e.g. using PCRwth
prinmers carrying random sequence spanning the CDR of interest, in selected
i ndi vi dudhmpl. c23orhé5§ Hiéd (5398 Bend ery b opedtp glake syafheiinlighy clalironpetoirD 96/ 07754
(Publ T ShaghidticNRERR rheRiHes AR dnIG A o PHIAE Vi sl Eh ity I¥iAgROeST S Tn
conpl enen ar|ty etermning region an|m"runog I ght ainto
create awill bfrcaqieyaf‘@bod1¢Sg1|f11°011§lﬂalahleg§mtyal diyeestitye FokdWiegamplidicagmufdach is to

" ecombi e tGoM BN AR RSeEL G ARG i RliBhclirlifle IGRET L OF T es

of natur y occurring ants obt ai ne rom uni nmuni zed donors
and sér eawthods ofiagenboernfancWiyter, 4 M@v@PhIZZV ASMBE8 O99hai n reshuffling as

described in N%fel‘t&re@tof %trbodﬁfrgér%ﬂwl% be co%Qrulgeﬂg}%@néulﬁg% an-ﬁh\l’ én chni que

al l ows the production of anti and anti nts vvlt af|n|t|es
in the | eepmtfvlemgegethiroméwrahwmcIEeiﬁcreamO@reambeaqwamﬁl i if@regétﬂg@rﬁee@ are known

i the anje oMl EbhoAEl h FIULARBRAMINEOLDR LEDYN, 138 Beygtesi gned usi ng

the am no acid sequence o gem ?ﬁt% region of hepsin. As 1s well-known
in the aft993) heineivarky ww@mﬁ@m}rmfsglmc@g;tb@)foesf’ﬁnst@f dqs@rﬁ@rimn Wategwse 111 b and

hepsiig Mg oHRRST AcidCRl S BE 8553286 W@bﬁ)‘ "I’HQYW‘wH‘reEd?@on?a'th %}ﬁ'oa’&ﬁ)éxﬂl&\i%l ude the

sequences shown in Figures 7 and 8. Nucl ei ¢ aci ds encodi ng hepsin can be
pr epar ed theywarchaip patprg ofFatnisagmsats tm‘(wmmerﬁhetln@t e hibrarylsizs émpgsed i ncl ude,

but are ngj tr&ﬂsmr&lﬁd)n e@ﬁcn&xlacﬁrmﬁ% VYR W@E&@Me@a‘?&’cl@rﬁed%%rd@& hﬂgﬁmgesc“ bed
in Engel s et al gnew. : 716-734 (1989), such as

the tri e§tpé?&e"%@§’p§hﬁ qther "ﬁﬁéﬂ%@W&?Wfleflé%@fweﬁﬁfﬁéma‘tbé‘e YPRFEE. | n one

enbodi nenﬁfectﬁeépﬁlﬁgaﬁ@fc%ﬁtamg%ct&mo@méﬁﬁ%bwsbnmta $ifgbntbRbMERMA i N the
desi gn of the hepsin encodi Al ternativel DNA encodi ng t he

hepsild cand the lipzapy sa%eeahmrteﬂﬁ'gy @e%ﬁwébwf @Mefqnb@gw 10Eslongs)i Ref

const T ucttQéts 0bntdif & PN YBIhiSIRAIR sBRALH (B e BRPSL Bendk BR rbdYMbiRIecul e i's
operably linked to an expression control sequence in an expression vector,

such as &nis|asigle replicamap rﬁcq-h@keﬁsﬁf%n)hagwu@ﬁ%eﬂiege huge B¥ATiSAOidE a host

cel I trangboKumdrswWirifetsh 8ntbolieE6Qood AMRnBENE! F abolt Asfwyl vectors contain
replication and control sequences which are derived from species conpatible

with the host Altgpptivelyyihe jepetieires 912 ibm slepgdysequentialiydnty thesame ¥ei9Tone st e, as

vwel | S eRHBACR BaWal 6 EPRR AP UBIEFASUSA 3B: 797@793@@&9@1%9&%@& di ng
phenot ypi c sel ection in transforned cells. Suitable vectors for expression

i n prokar9estheebyifeR akthendencd et de@grpqeg inClacksprctrel Notpiee 3 3 62468 some are

further qesqy.iptdaddgnsly Ban dfdbklféruy&ttbSbn@VH&iﬂUMIBDNﬁQWEHDI\%eM@&ﬁ@S, or cells
derived fromnulticellular organisps, such as

Opt i onal I%?x'b{e%pmﬁp@ﬁb@cf?'ﬁbs"ﬂﬂ%cmg‘p@l (FFF"%'CB‘}’:TE,‘W%I ];'/‘ yF'i R ﬂr tF‘B’“‘a‘lug’ecr etory
| eader Se‘w&ncpeara@&mbw”ngugemtoS@ﬁfbﬂtelwmarmfvm g@eewnhmﬁhmcmmlz by the

ot el | ynLo Lhe cultur e, lod) Um, Examl o, 01 SSS S1P W.d] Sk oaUenCeS
20:3831-3837 (1992).
The antibodies produced by naive libraries (either natural or synthetic) can be of
moderate afﬁnity (Kg"' of about 10% to 107 M), but affinity maturation can also be mimicked
in vitro by constructing and reselecting from secondary libraries as described in Winter et al.
30  (1994), supra. For example, mutations can be introduced at random in vitro by using error-
prone polymerase (reported in Leung et al., Technique, 1:11-15 (1989)) in the method of
Hawkins et al., J. Mol. Biol., 226:‘889-896 (1992) or in the method of Gram et al., Proc.
Natl. Acad. Sci USA, 89: 3576-3580 (1992). Additionally, affinity maturation can be

performed by randomly mutating one or more CDRs, e.g. using PCR with primers carrying
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al kal i ne phosphat ase, invertase, and al pha factor. Al so suitable for use
herein is the 36 am no acid | eader sequence of protein A (Abrahnsen etal.,
EMBO 1, 4wo0390105018885)) . Host cells are transfect edramsdoipnssser abl y
transforned with the above-descri bed expression or cloning vectors of this
invention and cultured in conventional nutrient nedia 5nodified as
appropriate for inducing pronoters, selecting transformants, or anplifying
the genes encoding the desired sequences. Transfection refers to the taking
up of an randpmn semviersq spanoing thedyDR ofhipterest é delegiad individugl Fyndeneaand codi ng
sequences. adnéno i &% dyw NoEBTRY S IBRIRE 45 o85S are known
to the Ol’%lrl r?argi @Fe}? g§ g?‘t%?san for ei%rrp% N%tch 96@6%%?‘%% zlpon and

el ect ropmealoriécnmdumgsur@ge@srsma@qnmmf'@wmmtqr@mgmeglam bfanr ecogni zed when
any i ndi ¢atbsridhiid i t Afbrd P bElickE c dhe host cell.
Met hods for @%ans'er%tglﬁﬁg@géva\%a rrggmlglﬁn%ﬁ{geg%t %%tnh#és@rcrgv are further
descr Pbedpmieachiisto reppmhing dendll poYil dempiss selecied Hyiphagg diDNAy with eepartoitss gani sm so
that the  PiNdhiy Jc%m.hg%tﬁoﬁmme\laﬁ mgo@aﬁnmrmwmnmgﬁ&mla §LEMR, or by

chronosonal int'egrant. Dependi ng. 15 on the host used., “transfor mati on
is done ﬂ@ﬁ@ffmlﬁn@lwwai wuhdsiod cleadn refTbpg pscdeecribed mMirke elldl. sBiolbriebds f or

transfor mt7v&asaa<n @92\5"eﬂns kRRMue Ao v e erotduct@n@féﬂ ditd fhdfa H{]ﬂobgl ndescr | bed

her ei n. Prokaryotic host cells used to produce the can be
cul t ur ed fragmessvith HEaitigeingkeal 0" \Mravesanbr ook et al ., supra. 20The marmmal i an

host 1gel | s usgghsinhuPkRAVRAGNE RRin 8B sdyuEREs Q@kﬁ’cm'r{ 'rlrt}?edarf 'Nu@ley cigety of
medi a, which is well known in the art and sone of whi escri bed

her ei n. sequence tpeoding she hepsin ganrhefdeyigned using the amfjogcidi SS@IeO@m‘f éheéiqmﬁﬁpass cells

inin vi tré’g%n(‘dflh&ﬂ&rne A4Ss Well-kndwh in @kl a5t Ih@l%taréat% jdripitedsdi@ils oM
Purification of hepsin may be acconpl i shed using art-recogni zeé’ rret hods,

some of herghi 1Lk aad kepgisdUe i Benginfequspess are well-kngya e pit prdy nﬁéwiqdeel@n be

at t ached s¢peteSitohal BighRe 7 bag uUch as agar ose beads, acryl am de beads,
glass beads, cellul gse, various acrylic co% ymers, hydroxyl thacrylate
gel s,15pol yachP‘i"EC agiés soendjnadichsie F4n qed’“ﬁ%‘iﬁé y Apricty ofymeshods keewt witheand i oni ¢

carriersartamfest BRthbikiReluded butfenok nmttmoaéhtmnhts\yn@.mlpw ?Qm@me%oa?par ation
of phage dis Iay clones. Attachment 30of t ehe sin ein to the matrix

can be adESSHPAdii8 Fagpisg; af H@"%t%ﬂ’s’”ﬂé’%’c@i’%eﬂg |7r‘1 Hgﬁ) ush &89 nol ogy, vol .

44 (1976)riestdr, pROSFRIR, yh@ﬁwramade mqhahdapmmst@Eneaioaathonge,as&ﬁrﬁérm ligands to
polysaccharlde patrijces rose, dextran or cellul gse, involves

act i vat i 6pdons Pefeared by YhFé?‘prGﬁstoH hevaﬁbﬁéhseﬁanhaé?'% t@dﬁ&-‘éﬁ%ﬁ@'"&oupl ing of
the pept iDher.| Agangively DN ARKYbdHg R YRR cAi beafoMi® frém aBEMasc HQDNW$ acti vat ed

Matrix. library.
Following construction of the DNA molecule encoding the hepsin, the DNA molecule
is operably linked to an expression control sequence in an expression vector, such as a
plasmid, wherein the control sequence is recognized by a host cell transformed with the
25  vector. In general, plasmid vectors contain replication and control sequences which are
derived from species compatible with the host cell. The vector ordinarily carries a replication
site, as well as sequences which encode proteins that are capable of providing phenotypic
selection in transformed cells. Suitable vectors for expression in prokaryotic and eukaryotic
host cells are known in the art and some are further described herein. Eukaryotic organisms,
30  such as yeasts, or cells derived from multicellular organisms, such as mammals, may be used.
Optionally, the DNA encoding the hepsin is operably linked to a secretory leader

sequence resulting in secretion of the expression product by the host cell into the culture

medium. Examples of secretory leader sequences include stlI, ecotin, lamB, herpes GD, Ipp,
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Al ternatively, hepsin can be used to coat the wells of adsorption plates,
expressed on host cells affixed to adsorption plates or used in cel
sorting, wo2eonjsogated to biotin for capture with streptraviuseoooszsved
beads, or used in any other art-known method for panning phage display

i braries. 5The phage |ibrary sanples are contacted with i mobilized hepsin
under conditions suitable for binding of at |least a portion of the phage
particles with the adsorbent. Normally, the conditions, including pH, ionic
st r engt h alkelgwpbosphatass, iandtasdiend dlite fan@. gddosoitable foousriheieo ipliysSbamagi cal
conditio : ol J I and then el uted
by acid,géqS;miéaﬂgggﬁfB@%m?ﬁkég%gg§%e?gﬁfE rd@%”%%pﬁ?&ﬁghd. Sci USA, 88:
7978- 7982 (19Hdst celsmreltGipyfectbdkandiprefgalyy trasfatmsd with éa aboveMgsdeibedt al ., | Mol .
Biol., 222: - . . i i ] it , . €6.0. in a

pr ocedur égpéfs%%ﬂgfgfz%s%lﬁ%@gn?f?%%Exgﬁﬁgé?ﬁuﬁtg%dﬁg{ﬁqg%%gﬁélé %%%snc')%'agt al .,
Nat ur &, B®dified 2sjapprPriftt §gliducing pyetas selénting fransfdrmdnt?®r AmpPingaied i n a
singler ; i.0n. ver, the enriched phages can be grown in
bacteriagaggF?%?@ggﬁ§$gﬁgf%@?%§9to further rounds of selection. 15The

ef ficiency of Traedfestipn tsfersitopbaidsingnp oftanyexprassicorvsston bycd hedi aed) whiathedkarnet i cs of
di ssoci at,ion g i h | t] I A gnents on a
single phggeygﬁﬁ‘%%ﬂ%??%ﬁggﬂ3%3g%ﬁ%§%e%&Fgﬁ”%hgkggﬁgﬁﬂﬁ%ﬁ%S%%%g with fast
di ssoci akporn Rithveardinarily slyiledvetidan forrtrmple F4PQaiptecpishtianaand blectrappmtioed by use
of shert SHASARS raftilclibl RLERE o icl LAGdg Lty of
antigen in soligaphéée. fﬁ%éﬂ?gﬁgggggﬁg§ﬁﬁ%fﬂgﬁP§g2¥gﬁﬁkbgggugﬁﬁgphage 20
t hr ough meAteriogedrevithip tedwosieeil.oMsthodnfor tranvigetionraeowveltknegndh thohegadt hat has-
di ssoci atggl ar?ﬁﬁth@r‘f‘de@&fb%&’ﬂer%. anti bodies with slow dissociation kinetics
(and good binding affinities) can be pronoted by use of |ong washes and
nmonoval ent phbgestermgpieorameans infedeaingi2iA jinto Bagrgamismko thalhoDRiAnNs, 8: 309- 314

(1990) apdi i L thgens:

Gosor) pon tcdble uRPAn SR Rachtitbsina Qi ARE LD S BRDRIY Rl B DERIRE | Cibre
to sdPecenHetaxerl pddunsimabonisaionosing standsrd frchsifdes aprromiate tovesh wi t h

af finiti eqist Miedodd th ©hsRkhAldh |a%1wéll%no@§%9an,§?3“t§ﬁ1%e ar Ft@t'ﬂgrod&m%@t' on of a

sel ected antibody (e.g. as perfornmed in sone aftinity maturation
t echni qué¥eilescri bed above) is likely to give rise to many nutants, nost

bi nding to anphbEsyoticHBd calls BY Wipkddubll @ORIsichl B dfrureVal Bestigtut | N9 hepsi n,
rare high affinity phage could be conpeted out. To retain all the higher
30af f i ni B§CFAllY dmPambrogkeg ek sl be i ncubated with excess biotinyl at ed

hepsibp, but WHehndnhtgalfah Abdt ¥lsak&tto B%ﬁéeﬁh@ﬁep@in%ﬁ’rﬂ%ﬁtﬁ@ﬁ iirpapvaf?ifetyl dpwer
mol arity than the tabget nol ar affinity constant for hepsin. The high

af fi ni tymM5Aadvhigh ismel&aowmin thqahandsome pt whighjis ggsceibeddisreityi di n- coat ed

paramagnet i ¢ DRa@s ceelere@bih kiliddibdistueaREdM fass RIL VS viDRuRRE LDQdi es to be
sel ected according to their affinities of binding, with sensitivity that

pernits PASEIatPRAE yithingthasen@¥nes with as littie as two-fol d hi gher

affinity fronpaif@ieator 84RMSHayte aplbRphishediuting hRbglddinbitfods, s6RBEEti ons used
i n washin {cghages bound to a solid phase can al so be mani pul ated to

di sg:rzf mi WAtB At RRedBEEsia: of di ssoci at i on kinetics. Hepsin clones may be
activity sel eTHeqfirifif/hephil R@SbCAHasIRE ROt AtrkWath RARSHA beaRt | bodi es can
be sel ected b}/ (blg [ %ol gt ing hepsin clones froma phage |library as
descri beacrylam de beads, glass beads, cellulose, various acrylic copolymers, hydroxyl methacrylate
’ gels, polyacrylic and polymethacrylic copolymers, nylon, neutral and ionic carriers, and the
like, for use in the affinity chromatographic separation of phage display clonés. Attachment
30  ofthe hépsin protein to the matrix can be accomplished by the methods described in Methods
in Enzymology, vol. 44 (1976). A commonly employed technique for attaching protein
ligands to polysaccharide matrices, e.g. agarose, dextran or cellulose, involves activation of

the carrier with cyanogen halides and subsequent coupling of the peptide ligand's primary

aliphatic or aromatic amines to the activated matrix.
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above, and optionally anplifying the isolated popul ati on of phage cl ones by
growi ng up the population in a suitable bacterial host; (2) selecting
hepsi n amslo2osi@3013d pr ot ei n agai nst whi ch bl ocki ng and romAisk@olos3sgl
activity, respectively, is desired; (3) adsorbing the anti-hepsin phage
clones to imobilized hepsin; (4) using an excess of the second protein to
el ute any 1lOundesired clones that recogni ze hepsi n-bi ndi ng determ nants
whi ch overlap or are shared with the binding determ nants of the second
protein; and ABymasivelyi regsin khan ke useblo coMithehwalle wfiadsoratigoplited expéssalnng st ep
(4). Opt Rﬂa%? i Kk - properties
can be fh?s?@%-:!lrs)ég#r%?c °r§fy‘§’{1"é%‘£§??‘§e§ i %] nggﬁlgc&lrl g{.{[} #%dgégﬁ)ﬁgz&descrl bed
her ei n ontese Wﬂtbﬁ@ep@avmcoaleg[blwsmrwcﬁ ingnyt ¢therlayttknp o methdd fanpethimonoc! onal
ant i bodi gﬁa grisggﬁggagé play Fv clones of the invention is readily isol ated
and sequ néég. ng conventional procedures (e.g., by using oligonucleotide
primefs desi gheechhpge ldpary sdrpled dre/cantagted fwth immobitizagyhepaimluidegéonditihes n codi ng
regi ons ol at ed,
ho DA ot e T LBt B e e S P b, el et e
into hosﬁhe@ehdl@@ueﬁllésgﬂi 12'@9@‘?qng@eﬂemserawemﬂéﬁlemal@ébIh@ed ©hmimése hanst er

ovary (i) Jaﬁeonea,onye%h%ggaé%?béﬁdm% 61R AL R DK 28 RSy

|rmunogl |n pI‘O el n tain t esynt si s of Sire
ant i bodi egdumg hdeserined froBatbaster Wodtroa Abtl.slcaleei %, §8ﬂ968€§8?oﬂ9?1éwrrb| nant

g’jpr 98S! 8P alk i QagCSseJekélbgé m%&rk?&%’ ﬁ%@%&g 2PNAg| @9“} H@@l )S&erh@?s% Rovs,

OQpihion in | munol 6 (1993) and Pl uckt hun; "1 nmmino
130: 151 emwzyommme@nmrwdm@nﬁw@lthﬁm@ggmcwentiqwmﬁhqdmﬁ can be

conbi ned ApcknkPAWN N 352186851 98\ Pk gcéﬁ%\é}{n&ié@b@ 1306Us8% il gt chain
constant regions (e.g., the appropriate uences can be obtai ned from

Kabat et &ingle reypd pogjelector. dwmeev%ﬁb%er@ﬁwcnhm;&sm ¢ gspwiplarbestadial celige h heavy

and/ or | i,gfdubfeb@ll RSfurthdr rid¥inké of2€1eBRUAr €Ci at ed that constant regi ons of any
i sotype can be used for this purpose, including | IgA I gD, and I gE

I
constlant regi B‘i*Psefﬁ‘BMMGf%%t‘%@&?ﬁ"‘@@hmaahfacﬁoésglnéhgmééh? tishtfai ned from any

human or 4Rl Hibn §lﬂ}ﬁ@'»@a§hm aﬁe(wfa&tﬂmnﬁﬁné é/rﬁi@ocifﬂ@n{ehﬁ X @fsin ?i@lpﬁagwﬁl n DNA of
one ani mal (such as man) species and then fused to constant regi on DNA of

anot her &t eogﬁ;heengésew mgﬁﬁ‘ chuibagies wigh Bpfcdisegiatiop kineHgapidgweaks | | | engt h

heavy chajiReimities) dadibk r&hﬁédrby'u'ie bmwd@a\eg Mudifglede d,magé dik sy S highhi meric”
and "hybrid" antlbody as used herein. a preferred enbodi nent, a Fv clone

derived FP¥RE desinAfl ansiesaipiselidnass: sThF!J@éde'tsay RerPRN %Hgﬁ%ﬁhf Phaggi on DNA t o

f or mopodiyfgughementat ﬁ,}erécﬂansab&t AP Bbinding bf ;magenaatmh@dlssbaa@& hrieavy and/ or
Ilght chai ns ncodi ng. anti-hepsin antib derived froma

hybr i domaelgstiop ﬁfeaqt'h%?ﬁWW‘%‘&H'S%%%@"%&{W &epd ‘%"eﬂmge%faww cane

substit utptda.g)tém L@@dfleﬁlg &@s%beanﬁ%énevanéwaﬁ@e bRy as REAibed indliss &lk@l N const ant
domains in of ogous nurine sequences derived fromthe hybridoma

cl one (e. gofema§ 34v- %'ﬁél??@? AN 3 O REPP499 chd @rlowy poatingepisity REgnfigengsag”  sci .
USA, 81: Gi8RAib&BaMds2B4),)BioEdAoEN00TOE3 @1doypr i doma or Fv cl one-derived

ant i body or ) ) o ) .. .
25 It is possible to select between phage antibodies of different affinities, even with

affinities that differ slightly, for hepsin. However, random mutation of a selected antibody
(e.g. as performed in some of the affinity maturation techniques described above) is likely to
give rise to many mutants, most binding to antigen, and a few with higher affinity. With
limiting hepsin, rare high affinity phage could be competed out. To retain all the higher

30 affinity mutants, phages can be incubated with excess biotinylated hepsin, but with the
biotinylated hepsin at a concentration of lower molarity than the target molar affinity constant
for hepsin. The high affinity-binding phages can then be captured by: streptavidin-coated

paramagnetic beads. Such “equilibrium capture” allows the antibodies to be selected

according to their affinities of binding, with sensitivity that permits isolation of mutant clones
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fragnent can be further nodified by covalently joining to the

i munogl obul i n codi ng sequence all or part of the coding sequence for a
non- i nmurwol2otwisorsspol ypeptide. In this 10manner, "chi necras2ao/053sybri d”
anti bodi es are prepared that have the binding specificity of the Fv clone
or hybridoma cl one-derived anti bodies of the invention. Antibody Fragnents
The present invention enconpasses anti body fragnents. In certain

ci rcunst ances there are advantages of using antibody fragments, rather than
whol e antith@elligls as treefoldigheraffinBy from agfeat ¢xgess phpfragest withalowernadfidity r api d

cl earanc f ' Vari ous
t echni quggnﬁg%gmg%aéh%%%vi opg% b?“'%%qgg'gf@ %Je%taﬁgﬂﬁég W@g%t)? fragnents.

Tr adi t i odigktinyinate jgp the bpsingfrdissegationrkénetiesr | ved via proteol ytic digestion of

intact antibo i hem cal and
Bi ophysi cal I\/g!t“ﬁ)gldcg&ggmagbﬁgw ngeléegg? %v%%rﬁ%co&e‘é%ﬁgﬂglto Q,f,;? ﬁépgfgc i ence,

229: 8% ( 2ygmylies candgescleqted ltyr(élséolﬁtﬂrmdwm ¢loges Aropioawhiage Wirrerd ve é@cmeldect | y by
reconbi n%ﬁﬁve %atopﬁcﬁxlailysamﬁﬁ?mg bR IMd%EMa@tﬁtdflﬁgggé cTJnW&?m%ﬁPe or OdUCt i on

expressed in and secreted t hus al 'owm ng t'he
of | ar ge Papihiiep & b#u'tﬁweb@twh@ﬁ’e@§ele%ﬁghm;ayanfiraagq@e proteimzgalnst Whidl at ed

fromt hebﬂ)@klh??fqynoﬂhﬁ&ﬁm%'amﬁ&'r%ﬁ)eg‘v%@uﬁ%gﬂre@t@ SisorBln g%rerm.'h\ésé ryy Fab’ - SH

fragments can be directly recovered fromE. COI and 25chem cal coupl ed
t o form Phagstlopestp agwelmléed(heaw é4) using ap excegjob theseqond protpin tGIu6aY167

(1993)) . ufbsREdtiidigs that r@%ﬁﬁ@ﬁe;ﬁﬂQﬁWeteﬁﬁ%ﬂ% %hfcﬁ%gén%l to?ar@@iﬁhr&fe i sol at ed

directly fromreconbi nant” host cell culture. Fab and F(ab')2 fragment wth
i ncr easeditihafindingeterminante oberproprd nigtein; and (9 bejetingdkegienss whichaimain epi t ope
resi dues ;@fofved ERWiae&pi(#). WpsondiB! clo&!@wntﬁil&%sn%@locgn Bn Bﬁ)@lﬂﬂ% ques for the

production of anti baod fragrrents wi | arent to the 30ski

practiti GFRPETtiey gandbe e%'shﬂdﬁaérsmamtgnbe %ﬁ?& Horfgeedrreg frsrihed hereig °§P ngl e
chain Fvof pegienk (scFv) (see, e.g., WD 93/16185; U S. Pat. Nos. 5,571, 894
and 5, 587, 458?) Fv and sFy are the only species with intact conbining sites
that 'are devoPN¥AgmcRdinesthe bridegp-gfréved reneslonahayibadies s phaggisiselay & r educed

nonspeci kiofedUritei ingnfdH is RAdiis¥até® atdSBquehed vsing 'c&ﬂe@tﬂd?n’éﬁﬂr&%dm(e%e
constructed to yield fusion of an effector protein at either the am no or

the car b&X;‘)S'“&/@3‘g?O&ﬂ?%SEEF%@WS@%TGPMSBMam%‘ﬂfbﬂ*}?dsea‘afa“aﬁg%@bam See

Anti body c5ng} ReRhd Sidnterst: froBQlE)lbﬁb@fﬁé?& phﬁ%ﬂﬁﬁA tJmat@)ntoAa@cimafeaaﬁabmA may al so
be a "linear antibody as descri xanple, in US.  Pat. No.

5, 641, 876" &g placed r%awreaﬂ?fr Y5ty phich Asribee tmyfeﬁ%d oS rals suck agf.
bi speoi f icsli cdilssahiad €OSABNS, DaRERShamIBEVAFAESIT) ctIY 6ithyddin £LRNO THAGES €S

e e oSy ice g G B o TR DA dBED 2 ot e
nore am mednadbihl ARibbelecis tlieﬂ'éd’dﬂ&ﬂd(éﬁmdstfﬁeﬂs | RevidwOdRidesSoUEmbMARCH 1S
nonhuman, These sABMAUTED £n0 20 oSSl RS are, of (G Ll el Lo as
domai n.  lHABALZ 81256 01 93 and @ IkRBas gninadl| BevRasb.05 nedofol | owi ng t he net hod of
W nt %rS and Col-)mre%%dsmg(tﬂg p\? glor?etsaélfthe gnventnc)n can be combined with known DNA

sequences encoding heavy chain and/or light chain constant regions (e.g., the appropriate

DNA sequences can be obtained from Kabat er al., supra) to form clones encoding full or

partial length heavy and/or light chains. It will be appreciated that constant regions of any

isotype can be used for this purpose, including 1gG, IgM, IgA, IgD, and IgE constant regions,

30  and that such constant regions can be obtained from any human or animal species. A Fv

clone derived from the variable domain DNA of one animal (such as human) species and then

fused to constant region DNA of another animal species to form coding sequence(s) for

“hybrid,” full length heavy chain and/or light chain is included in the definition of “chimeric”

and “hybrid” antibody as used herein. In a preferred embodiment, a Fv clone derived from
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Nat ure 321:522-525; Riechmann etal. (1988) Nature 332:323-327; Verhoeyen et
al . (1988) Science 239:1534-1536), by substituting hypervari abl e region
sequenceswbanittdseisgor r espondi ng sequences of a human antchasgo104s3ser di ngly,
such "humani zed" anti bodies are chimeric antibodies (U. S..Patent No.
4,816,567) wherein substantially less than an intact 15human vari abl e

dormai n has been substituted by the correspondi ng sequence from a non- human
species. In practice, humani zed anti bodies are typically human anti bodi es

i n whi chhumarevanigple DINAY is dbsleé tor lagiap nonsis| rdgies DAiAdtoforssédding sepreecelsRfaresi dues
are substj ly: . sites in rodent antibodies. The
choi ce o%“hﬂ%ngﬂﬁeg%rlpgélkﬁg@g%{agg]drﬂlz(gth%gtl%ﬁg'ﬂ% and heavy, to be used in

maki ng t he 20BYAeentQdent aatithepromlargbodysdevivgd,/framp bytirgiatna obthe chentéonzat i geni city.
Accordin he vari abl e
domai n o? ISI)Q h @g?@gﬁ% %‘lﬁrﬁ%y l}l}gﬁﬁssgﬁufgg%thﬁQgélaé)ggflénbﬁgﬁggrt{%%’ br%ry of known
human 5va|hglaty|h@n donstanhdogeainsemplaes of‘hheommmtmq sapmewevdrriobd frgm ¢theosest to

o ot oo Rhe |5 A8 RABY EMARiSG JPRD NARTEYDRK O The o
(1987) 1 I%'bl585lB$§I5(19§9}) DDA endpdinhehybmdoma or BSleneslervesantibadyloar f r amewor k
derived fﬁagn%mbﬁl &%ﬁ&@m&féﬁgymﬁnﬁ; jofth r%etbp{mnﬂm%mn@b%gd,g% a particul ar

subgroup o I.ght or heavy chai ns € sa anewor sed for
sever al e&tquense ahpr parir{itheceding sequpisd ifers noCammenogiqbalin pglygepiye. F!rndus Natl
Acad.;¢Sc 4285« i's
furt ng hﬁﬁﬁﬁéﬂ'ﬁg{’ﬁg‘? Q}r']ﬂdgggt?oggkf)%ﬁre%é%?%ﬁlak%%ﬂgfn ng’| on g h| gh

af fi ni ty thediv choe hehdndpme ploamderiyedhentibpdicsonf shsl invebtion. ogi cal properties. To
achi eve UbliGodBhemafrcor ding to one nethod, humani zed antibodies are
prepared by a process of analysis of the 1El)ar ental sequences and various
concept ual huRkeriiresedf ipyeptiercansorpedssey antipodetragmantss il prtainaidehsfanses t he

par ent al yRAOMVBNLZS If SEILANCES fray;se,qe TS PRI VIR antiBIWAOBIQREN MOdel s
are comonly available and are’famliar to those skilled in the art
Conpufer sie eijhafrazmants allows foarapid dpfranke. iand may lead to imptoved agsesayo slidbabl e

t hree- di ppgé.onal conformational structures of selected candidate

i mmunogl obul i n, sequences. | nspection of these displays permts anal ysis of
the |ikely roVa&icys techpayes pveheen developrd forithe progysting obimtiberly feagmenisat e

i munogl qiididonalHe QI emehts Svere RHD& @J\&bbéayﬁc @lges'h@§ bk @St M@&a.és@ekuence the
ability of the candldatelmmno% obulin to its anti hi s way,

FR resi d§&s Mesinaieetab) loumalpfaiies E‘Bﬁﬁ‘laﬂég‘qphbﬁ'ﬁal Méthf’@?c?“piogﬂt”él"ﬂ?zl spor t

sequepncesndBrehitalet ANSc BRI zmlqmsst»opmwmama@é ﬁsgnsetntsccan AGNG be a.%dadaer eased
affinity for thetar get ant i en( s)F i s achi eved g ner al

hyper var (&g by é"@PB‘H‘"P@é’i"ﬂlﬁ& - bgha Py pndesefy gntihedy ffﬂ%"f‘e g el he P’SPI"TS§Fd| nvol ved

in i nfl uangidrecraed @R E. BaiNeiudglowlifg fHbl R Ne ﬁ@&&dﬁ@ﬁjbﬁﬁrge amount§ biiRRe ant i - hepsin
antlbodles of the invention can he constructed by conbi ning Fv clone

vari abl e Tagheth ASHBasfragments ey ti?dioéaéFdfffod‘MhﬁGﬁ‘&}‘?dlﬂé'i‘qg%l%lfabﬁ“a‘b%“%f%pI ay

librari eSbMﬂet/hltdﬁﬁHBMﬂymbBBSH ﬁ@@ﬁér@d’ﬁan@@ﬂﬁécﬂy%mﬁﬁ 8) cokandescri bed above.
Al ternati vel n, ngnocl| onal. anti - hepsi n anti bodi es of the invention can

be. 36, By SO e o ToCTIeS  en s . Bt S ALk
het er onyeloopp. aeddrdihg deBotheappldech) FREYGtdg@Bntd tanBéM®Mated directly from

recombinant host cell culture. Fab and F(ab'), fragment with increased in vivo half-life
comprising a salvage receptor binding epitope residues are described in U.S. Pat. No.
5,869,046. Other techniques for the production of antibody fragments will be apparent to the
30  skilled practitioner. In other embodiments, the antibody of choice is a single chain Fv
fragment (scFv) (see, e.g., WO 93/16185; U.S. Pat. Nos. 5,571,894 and 5,587,458). Fv and
sFv are the only species with intact combining sites that are devoid of constant regions; thus,
they are suitable for reduced nonspecific binding during in vivo use. sFv fusion proteins may

be constructed to yield fusion of an effector protein at either the amino or the carboxy
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nmonocl onal anti bodi es have been described, for example, by Kozbor 1

| mmunol ., 133: 3001 (1984); Brodeur et al., Mnoclonal Antibody Production
Techni quesoand/o4pBi cati ons, pp. 51-63 (Marcel Dekker, PoT/us20dems3sor Kk,
1987); and Boerner et al., | Imunol., 147:86 (1991). 20It is now possible
to produce transgenic aninmals (e.g., mce) that are capable, upon

i muni zation, of producing a full repertoire of human anti bodies in the
absence of endogenous i nmunogl obulin production. For exanple, it has been
descr i betrrmhvas oftdnsFhobrszygbody Erelinstiing e Botrblmecn sumodihehotibodychai n j oi ni ng
region ( I | &er i ger t e.r n conplete
i nhibiti ‘gﬁg%%?@%é%g%%%gﬁ%%{ﬁngﬂg’% %rgg\r Eg%?%%ld gg%x r?gef ér@§ﬁa§ rsﬂlad human

ger m | i né.6¢ hiiith &gkloludai antijedrelragmenty map bs mohosgedifie oribispedific.ant mice wil |
result i n of human anti bodi es upon anti gen chal |l enge. See,
e.g., Ja ‘%'&vfztp‘ggg}tf&"g 9, Proc. Natl. Acad. Sci USA, 90: 2551 (1993):
Jakobdvits et Thel presemamvgnton %@paa@sh'em&)@@ianthdggeanrretmds foiyear in

| munol - pufortZing deAiin dﬁeby,fefkhsm G ed ’ uman
anti bodi es 1 né on- t?nman . 30r odent r@a]ﬁ)?f%%& qum‘%gam&dgunan
ant i body Cﬁd@vspmqraror%ﬁmmmaw eegldaﬁdntsqgieeqdfmtguttfrc@sa saurgetydhightianen-ng non- hunman
ant | bodyhu.ﬁ%%gk A6h-hind ,ﬂanﬁn@%mgduéeme%ﬁemfmea% gﬁah §9n» QU LOPe
|rrpr|nt|r‘lgl elther the heavy or light charn variable region of a non-human
ant i body whichgreeviricadlytiakien &dminp “phirege variabls deynaine dhmiagizetonegn descr i bed above
| s 1§l acREhif BerfbrhEPRAb Rink Shethe UTBHW MrcH M HRIE BondS e Pl 1988)2

popul ation of non-human chai'n/ human chain sck chineras.” Sel ection
Wi t h ant Ngete 3235321535 Rieghagne e ad {1 9%8) Hanmeai3@ i 2 Ghderhmeremaanl. 1988 chineric
scFv or kab,shes.ein. ltsﬁé) B}‘Kl%@tltgﬂ?g' H}pér@z?ﬁa%fe%gx&hs%q@é%és%ﬂh@' nding site
destroyed upon renoval ‘of  the corréspondi ng non-human chain in the primry
phage di sprepordingiequences of 3 lanaagntikngs. Qé@ﬂiié ipgly,(shefp humeriyed’qatikodish ce of t he
human chgjenpahic @ﬁfbodl\é%@mstmnw\re%n% 569) w&r&@aﬁ@{aﬁ\@au? Mes@ThdRhn nfacl P ace

t he remai ni ng non- human chain, a human anti body is obtained (see PCT WO
93/ 06513 hpmn Yasiklg dgpgin hasbeen gojtuted fay e éormsawdmgémemmfrmrna z@m on of
nonhuman pgltd Hedien Pﬁéct@@ﬁuﬂr’iaﬂfz%dl E}Eihbo& &4 ate bypk! :i}llq}ﬁ%n%%d@@% weepl etely
human anti bodi es, which have no resi dues of non-human ori gin.

Bi speci f SemamtPEHaibkTegiomresidues aanfi eosam J9BYiFBedduss aisBkstiBtRAIbY preferably

human or QB e thal 3844 mg;nqu&hﬁﬁ,bg@ége bi ndi ng specificities for at |east
two different antlgens In the present case, one of the binding

speci fi citi esThechpigs Oﬂé’ﬁbainﬁ(a%‘f%e domaingi s light andgheaw (o b5 ysed ‘“e{’i‘ﬁkf'@éPF

Exenpbar Ylurhhrﬁik@(bhtflﬁdale@%t\le p@ﬁaﬂfrﬁ)yre@lcg(%ﬁg@mugp Aiblaiabtheapichipeseef the
hepsin. Bispecific antib |es may al so used to | ocalize cytotoxic agents

to cells W?}hodeﬂﬁﬁ%%@"% thepyari Ahtfiasedmeytisedsie sgeacd HEPSPA- bi ndi ng

arm and @m.ramma»yw&hom Réhgant VA afIy HEth A% beGued @ tThe Bulan se§@HAE Wwhich is closest
anti-interferon- vinca alkaloid, ricin A chain, nethotrexate or

r adi oact i'Q/#24 @&edﬁ@“hﬁﬂteé Asceriet apibe hyman famevorios the bumaniged snbady d¥imss  ul |

| engt h arauzb(ogmss BBl nmm%fmwmaw (879, M (BibL ) ¥5:901S P@Gihki# ethod
antibodiegq) od for (ﬁ bIS@eCIfIC antlbodlei are knv(\;n in the art.
Tr adi?®i of wamf & meé@ rws from thsFaRIepE sgense Shelt hyman agiibqdiss gf s i s

based on padneulaxcsuegfwmigmrbrchéavywnﬁme@gﬁfb&ﬁdvvbrmayy? GfRaifdstvepdnt | chain
parrs, e e two eavy. C I NS er t Specl, steln
and Cuel F aé'zeéefﬁﬁmﬁ@%@ws%yf Yl%%%c}emg ol A a{{@o% gigémeﬁtéﬁf of

i nunog! abmg%)haamynoandsn:jsgm chai ns, these hybridomas (quadronmas) produce

a potential mxture of 10 different anti body nol ecul es, of which only one
has t he It is further important that antibodies be humanized with retention of high affinity for

30 the antigen and other favorable biological properties. To achieve this goal, according to one
method, humanized antibodies are prepared by a process of analysis of the parental sequences
and various conceptual humanized products using three-dimensional models of the parental

and humanized sequences. Three-dimensional immunoglobulin models are commonly
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25correct bispecific structure. The purification of the correct nol ecul e,
which is usually done by affinity chromatography steps, is rather
cunber sorw 2anhsbise product yields are low. Simlar pro®edurses 0as5391

di scl osed in WO 93/08829 published May 13, 1993, and in Traunecker et al.,
EMBO 1, 10: 3655 (1991). According to a different and nore preferred
approach, antibody variable domains with 30the desired binding
specificities (antibody-antigen conbining sites) are fused to

i munog| atnilkblnandone famviliar gotraserskdledinsheat . Conmatel peigmmspresfveiizbld whitls wi t h an
i mmunogl ﬂny&at@aﬂg%éyaygmae BRAKRRAsi QN Rrm ARRRISLSLAE, B sclebiRgt part of the
hi nge, , I ons I's pref errga Rave the first heavy- chai n
const ant cafnégiia@nm(rmg)lobuwmqawmdnsph@los|0f @em@@yapwtepnalxsgrwﬂl@hm n

bi ndi ng, he
rnog] SRt it Al SR AR Grla dre R B ek e a1 n
| i ght 5ch&ieﬁnala$%0ﬁr¢ﬁ$<bm hat mﬂqe@cestépdnbﬁvef thg prrelidategmmpaeglobudin tabidd #3 e co-
transf eCEﬁ{%eh nltxmqm@wﬁ%“]:tl@ml@uelg@ﬁ be%@gé’t@d MCo%mngd ﬁqu\fﬁedx%é lfef'?trang Frﬁ@tﬁ
flexibility 1n adjus he nmutual proportions of ree eptide

f r agment Seauences s tlﬁ'@rﬂe@ffl\ﬁﬁé%b%inéhmwefﬂsm pYsg as B‘thﬁseﬂ Iﬁ@iflﬂtbilf@éhwgytpept i de
chai ns uggtheh®), IsHenicRAS Il gk‘ﬁE:'aP'EheFPx"yBéﬂ/é}'ﬁblE?%n&ﬁEéxéﬂéthaé'd%Q@ anli nobS,  however,
possible to insert the coding sequences for two or all three polypeptide
chai ns i pubsigatially prvebsil émin{esseine avifeembinfiggexpr essi on of at | east two

pol YRePt ifganh@dlibsuidsn equal ratios results in high yields or when the
ratios are of no particular_significance. In a preferred enbodi ment of this

approach, t heH#nanaagirhepsin entbpdisceidle inyestiensapds eensipctediy eombjing v

i munog| QQHé {/d?labl@@UMalﬁQ uBndds} &l&teﬁ'f(cﬂhtﬂaﬂ@bﬁﬂad%ﬁ@é@Jlipfdytl%rdrlgs Qpg arm and
a hybrid i munogl obul i n heavy chai n-|1 é:; ht chain pair (providing a second
qS

bi ndi ng $pRye Hlin@mcwstqnhdqw thesésr)ﬁﬁ ?rlhxaéb%uﬁéiemﬁ&te'ys h¥ganasymet ri c

St T UCT Ur @0h&dral diliRPsih BRibDERAS Bhd AGenPibn EdhGbe FRRk B?d\etﬁkmafrﬁ&htﬂo mpound
from unwant ed i nmunogl obul i n chai n conbi nati ons, as t resence of an

i murlégl SWERR MYFIPBRARNERANSS-Tumap Attgromdomardl lies fqﬁ@ew%é%qnquéuwm ecul e

provi des pfo@bcishalafiiB6ditschaV@leeR e RARA! BF bQimplel BY Ro2RPUARGHNSS 188:56d10sed in WO
94/ 04690. For further details of go enerat i ng bispecific anti:bodi es see, for

exanpl e, (S8f#kBrpdsyr eapl, Mapechp<intibpde RssAver ighpehripes omdyiRpliogeEys: PRccording to

anot her 3pps eAekel BdRRerl Mt ENERGRID QSO BoBdbrer R, JARkbRIYI4MB6ecul es can be
engi neered to nmaxi m ze the percentage of heterodiners which are recovered

from 20r é88%bi nant cel |l culture. The preferred interface conprises at | east

a parp of theyidRdwdRRabie tdfrodite BRskRRINIBANE @AhicSlaRR bR capabld tipon NMEL hod,
one or npre small am no .aci gémde cha ns fromthe interface_of the flrst

ant i body "HBPRIZIeR. of predpeing & Billergripise o d‘r“@@? anfibgdieg ipdhsabsgnee gf - tyrosine or

t r ypt ophandogedRsm@neiRbylin graMictibre For faniple RthaChden Qéschbdlithakhesi ze to the

large si ?mmozygous deletion of the antibody heavy-chain joining region (JH) gene in chimeric and
germ-line mutant mice results in complete inhibition of endogenous antibody production.

25  Transfer of the human germ-line immunoglobulin gene array in such germ-line mutant mice
will result in the production of human antibodies upon antigen challenge. See, e.g.,
Jakobovits et al., Proc. Natl. Acad. Sci USA, 90: 2551 (1993); Jakobovits et al., Nature, 362:
255 (1993); Bruggermann et al., Year in Immunol., 7:33 (1993).

Gene shufﬂing can also be used to derive human antibodies from non-human, e.g.,

30  rodent, antibodies, where the human antibody has similar affinities and specificities to the
starting non-human antibody. According to this method, which is also called “epitope
imprinting,” either the heavy or light chain variable region of a non-human antibody fragment

obtained by phage display techniques as described above is replaced with a repertoire of

human V domain genes, creating a population of non-human chain/human chain scFv or Fab
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chain(s) are created on the interface of the second anti body nol ecul e by
repl aci ng |l arge 25am no acid side chains wwth snmaller ones (e.g., alanine
or threonwoep11/06biss provi des a mechani sm for increasi ngprchmarsgoielosssof t he
het er odi mer over other unwanted end-products such as honodi ners.

Bi specific antibodi es include cross-1linked or "heteroconjugate" anti bodies.
For exanple, one of the antibodies in the heteroconjugate can be coupled to
avidin, the other to 30biotin. Such antibodi es have, for exanple, been

pr oposed chimetaar Sedectiommith entéggs rasnitscie lisoktioroofiameathmen clelin/sunfdpSh#at ent No.
4,676, 98Q) 6 92/ 00373,
and EP Og @S?pgﬁg? L?%béﬁ%ﬁﬁgfﬁeg%aa%ﬁ%%mﬁ%%@t'hQQrg%m?}éfnggf’e Stm convenl ent
cross-|i nkanrgmn@tl hf)tdjscormpqndbllgeowhmsmdhamkmﬂlgpaglammlagﬁrcbsmwldlonkncwm in the
art, and aqﬁseﬂ“ P nunber of
cross-|li F\ 't&yeggkm Mht#%‘e C%E?Bftﬁgr)\humﬂhggzgh ?gggﬁmg&ng%{)?essgésc fic

ant i bédi e@eaftwblmom IOtre@chefthealgmmrg nlqar\hemm eweinpebmatemtibidyadotitaingdhe

literatu i C si ng

Scho cal T | eane iracpach BRERRAF 13, Ol 53053 R BREh bty "2

pr ocedur éumneanébfrﬂmrbw&w anafting ghis gesheiges rqu\od@@blypkt\;m Huynag lastéhodids,t 0 gener at e
F(ab) 2 f LaAgRRN S FRIGEDR ;ezgg] r};ﬁo]@mm{neoq;ég]ed in the presence of the
dithiol conplexing agent sodiuma'rseniteto stabilize vicinal dithiols and
prevent Bifpesifiofeithedigs di sul fide formation. The Fab' fragnents generated
are tjgen conv t he
FabY‘I]'RIB deri vgltE ;}e\ggﬁg a?%l?dsake'?g}gnrﬁ(ﬁgglgﬁa\? éire,éﬂ'?l mm%ﬁ;ljﬁ'\ﬁg‘%&ﬁq& o‘ft%%g'egé‘ tht i on

wi t h mer baystbiwingspenfiqitées forcht legst fyvx differgnt antiggms e bpthepresent casp ang ofghe t he ot her
Fab' - TNBpglg#

ant i bodi ebs S?g@%ﬁﬁleggrfgﬂgmdgg& tggﬁggén{og ?yca)dr]ﬁétrﬁgp%gl ggf’?@@?ﬁﬁnim zation
of enzyndibogdiermay bipd e gliffaens em@mqfﬂ@tr@mm hiispgicifis@ntipadiss ey plsof Fab' - SH
fragment ge de@M0 Beal 2Otytotodie

bi apeci ¢ bde@ ) foeal es)}t@to ‘ﬁ@nfgho ean wmﬁzh%t?%ggs%@%ry Tﬁ«gsggh%g'feg pésgés 1992)
descr? be heri-tindiggarm a9d appropwhigh Psndwhwmtzée agsink (sezaisanosin samtitintetfgrof( ab' ) 2
ol ecul eq, ERGRIKGRAR, rithag B, mé@%tréﬁf}%rr ?gd%aytw%%b'icﬁk%gpt&{)omsﬁemﬁ@' | and

subj ected to directed chem ca coupling in vitroto formt bl specific
ant i body antiPRgienaghe preppred anfuil g @Hh%ileﬁéfmo%‘afsagmn@ (¢®. Hiebid to cells
oyer expr gg&cmamgbdﬁgﬁ receptor and normal human T 20cells, as well as

trigger the I%tl c activity of human cytotoxic | ynphocytes agai nst human
ethods for making bispecific antibodies are known inthe art. Traditionally, the

20 recombinant production of bispecific antibodies is based on the co-expression of two
immunoglobulin heavy chain-light chain pairs, where the two heavy chains have different
specificities (Milstein and Cuello, Nature, 305: 537 (1983)). Because of the random
assortment of immunoglobulin heavy and light chains, these hybridomas (quadromas)
produce a potential mixture of 10 different antibody molecules, of which only one has the

25  correct bispecific structure. The purification of the correct molecule, which is usually done
by affinity chromatography steps, is rather cumbersome, and the pfoduct yields are low.
Similar procedures are disclosed in WO 93/08829 published May 13, 1993, and in
Traunecker et al.,, EMBO J., 10: 3655 (1991).

According to a different and more preferred approach, antibody variable domains with

30  the desired binding specificities (antibody-antigen combining sites) are fused to
immunoglobulin constant domain sequences. The fusion preferably is with an
immunoglobulin heavy chain constant domain, comprising at least part of the hinge, CH2,
and CH3 regions. It is preferred to have the first heavy-chain constant region (CH1),

containing the site necessary for light chain binding, present in at least one of the fusions.
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breast tunor targets. Various techniques for nmaking and isolating

bi specific anti body fragnents directly fromreconbinant cell culture have
al so beerwdestwisbmd. For exanpl e, bispecific antibodi esPoaws2teemspr oduced
using |l eucine zippers. Kostelny etal., I Inmmunol., 148(5):1547-1553
25(1992). The | eucine zipper peptides fromthe Fos and Jun proteins were
linked to the Fab' portions of two different anti bodies by gene fusion. The
anti body honodi mers were reduced at the hinge region to form nononers and
then re- @NAdhme@heomﬁamnmbﬂemamﬂkbwéymhésemmdkhﬁk&mmihhs nethod can al so be
utilized, |ners di abody”
t echnol ob@r% egrcarg}'l qui. E%ahoﬁe?%egglé{gg%rat esS'O']\laetc}ors nd% & ci . USA,
3090: 644&a®ﬂ°48d6nl@@$)ltahla$lo$§ chanldled This paivides foa gieateflexiblita i a;iynsfmgthe’raki ng
bi speci f | t f r in
vari abl e tﬁmfh&?@?ﬁso ﬁggﬁ% ng‘gg&fﬁi 5 f%%ﬁ%‘gﬂ%%c%ggﬁwb%?‘ihg }me éf}{raq S\l (VL) by a
| i nkef whftbhithires pobypepside chainsoised indhve qoadtiuctiny fretidetbaoptimaun yeldslolis, ns on t he
same cha re forced
o pai 1 o iey REs BT inker e Sodbl fbkntls FATRIGR hec R pLRR TR 171 Ot

t her eby Om@xmeﬁﬁ@rtwoawhwgém)@mdpmgf atjepggwo Peippeptide dinainegyalfratios maki ng

bi speci f r L: ain Fv (sFv) diners
has al solre%‘é'gsﬂ't' b@gg?é%‘%&?g’gg{e}héra%egfpgﬁ@%T‘f&ﬁaﬁ%’%ﬁu Féﬁ 152: 5368 (1994).

Ant i bodi es wilnk pmfweedten@ndinmt qf&hnemrc@sh,dreéaispeﬁﬁewpibadnwhre Fampoescofpl e,
trispgcifi el b 7: 60
(19505 - Ruf gl i baly ShaiR WRATRE indih o lrchl in dndBT ARG byl

i nt er nal inpmenoglphulindrcavachandighy edin fairdprevidingasecond binding speciisityldothe by a cel |
expr essi PflePmaMtvh 4 §link hatdhl anti ' of the
present | nSentl on can nge amlt%%&l{agtﬁl? Qttg!}\c??gragﬁlt&ésqﬁsegﬁﬁéﬁgﬁl{%ﬁgéﬁtﬁ han of

t he | gM biseesific cpinpepnddront wavapted iramunagipbilifeehalsi qoa m@tuy\sraéshe(mesgncetOét raval ent
ant i bodi g3 mmMk Bbulﬁﬁ&thp&afnqagml.y)émpﬁﬂfj&fﬁ%% Q&&@%@ﬁx@f}&n,d@%wss' on of
nucl ei ¢ acid encodi n hai ns dy

mul tilval &stle wax @ftsewat@anTbléﬁmfP@ isdigtlaged in 24Oi980469rdionfusther detatleel or nore
antigen Qér{%FL'uHQb PR antRiBE&! RE Echpil g@r‘ééhzé?tal Wt HATR: Br5RBRREY, S€s (or

consi sts of % c region or a hinge region. In this scenario, the antibody
wi |1 comb?i-s @OFc region and three 150r nmore antigen binding sites

am no-term nahchRIifde aE&th%?érQ&h thO Rdhal L&Y alPiir bf RSN mABLIQ0dY herein
conprises (or consists of hree to about eight, but preferably four,

anti gen BITRficAginegredds mamézqﬂw pereeatagn of hetarodigery Whishsrd reeayersd fo@ast one

pol ypept rldem6ida: Bell &iitrePTRS SERRLYinteVRceRBIMPAKE bi 1% 5}9@4 &she CYRINRIM t he

pol ypeptide chain(s) conprise two or nore variable domains. For instance,
the pol yﬁ&wnﬂéoddwavwgsiowv '@dbﬂﬁme@ed\vmol(lxw)eﬁmaﬂ/wmoze'(ix@yﬁ aifsc,  wher ein
VDL is afbinfthd inlprhdetThie AIQHRIiBbdy WdtechiS aR rs;ﬁs&al%u%g@faide cRiiRi(Bg, FC is one
pol ypeptide chain of an Fc region, Xl and X2 represent an amno acid or

pol ypept PERSINCATFYROPRENY (mpgnsafazy ° qah'é'ﬁsar?ééie“‘ﬂ%bmﬁw%é‘ﬁf focthe larggisides) may

cConpr i sechaiits)@rd crédi@dnth@intek fakestéHeéeili amtboll £ BloRBulE BRtdplacRE large
VH CHL - VH CHI - Fc. regi.on chain. The nultival ent antibody herein preferably

furtRér ABMgRrdside shaipseuith smaller qnahig-goalenior AbihieopwE) )ThiS RIPidE Rai n 25var i abl e

domai N paleyaRn fBEHcreabify tha}itld \6RIhe RbtedBinicP OELY ofheF EHiwani¥B)¥ad-preludISt ance,
conpri se fron1about two to about eight Iight chain variable domain

ponpeptFﬂ@§s hemdiPergnt chain vari abl e donmi n pol ypepti des contenpl at ed
here conpri seB@peJclf@hhnmws hcWAE brRBY- Enkd® BEihBte AR Ehju@RY iaftldley., Férur t her
conpr ! Sef;':)?'am €, onenajthe antibodies in the heteroconjugate can be coupled to avidin, the other to
30 biotin. Such antibodies have, for example, been proposed to target immune system cells to
unwanted cells (US Patent No. 4,676,980), and for treatment of HIV infection (WO
91/00360, WO 92/00373, and EP 03089). Heteroconjugate antibodies may be made using

any convenient cross-linking methods. Suitable cross-linking agents are well known in the
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Anti body Variants 30l n some enbodi nents, am no acid sequence
nodi fi cation(s) of the anti bodi es descri bed herein are contenpl ated. For
exanpl e, w0 20myosbmsdesi rabl e to i nprove the binding affipoirtus2@o@sssp1 ot her
bi ol ogi cal properties of the antibody. Am no acid sequence variants of the
anti body are prepared by introduci ng appropriate nucl eoti de changes into
the anti body nucleic acid, or by peptide synthesis. Such nodifications
include, for exanple, deletions from and/or insertions into and/or
subst i t utft.@ng argfdisclogediinl USP atent Ne.14.67088Galong with i dumberof peslinkiingt he ant i body.
Any Conble@ﬁ-fi&lfégl of deletion, insertion, and substitution is nmade to arrive
at the final construct, provided that the final construct possesses the
desi red char ateckirigugs far geneTating disperdficcantibodadstieomaanitibedy fregynehte havstalsoduced i n
the subj ggh dBkibod Yheqmr&grea%pex%ﬁgléeﬂgp%m@ig adiftBare} &me@%&eﬁﬁg nce is
made use met hod for 1dentification of certain re5| ues or
regi ohs Gﬁentl%élldﬁg‘? brdgnanisael. drienqgr BPelr @ABY) demtibompro¢aguremiteerifenesi s i s
call ed | Mand Vells
(1o89) soeraSoEaRIhdoTHLRICRERIT clSrlaTa, Ratn ol O e e dues
are i den{“ieﬁdéeled('eﬂtj preseseg of e dﬁ@si@mtﬁxsla@aena@damgarsmtp to fiabilize| ys, and gl u)
and repl agpd dHARYs Ad raﬁe%ﬁt%emoneaﬁngﬁ&gu ﬁdfelffon‘ﬁﬂ% 1OthedEb ﬁﬁh@ érgpa%cﬁ
preferably alanine or polyal amneazé'i" fect t e |nterat|on e ani no
aci ds wi R thepcpryeried prbjseitrabrnpestedNG) HdvativesnOneleftbn Eab-dNBrdgrivativet i onal
sensithi Vistientrloh{Mpted WORL FSWEH!&Q}? rédﬁ%nawlﬁl rﬁ&édp%%y%nﬁ%ﬁqw gutflurt her or

other variants at, or fo the Sites of substitutron e the site
for int rwwrm@are@ﬁloaﬁﬁqﬁ@e&éhedFéléaif)@rrt@évampFcaﬁomrhqbswpcrl@@l@tt@pqln rilérd t he

nature OﬁlsﬁéaﬁicrEH&@JdleQBrogﬁéed%;?@e RESs 436ts RE tR8681H € 5 B8 flzatiGRbr e_xarrpl e, to

anal yze the performance of a nmutation at a given site, ala scanning or
random ntf?@€nesi s i s conduct ed at the target codon or region and the

expressed i MimedlpRipst Rs fé’&l“hat%@fh%%ﬂ@éﬂ rdc@Very BEFaHESH e afd f M] EYeoli, |
Am no_aci d_sequence 1 nsertions include am no- and/or carbox %@ t er m nal

fusi dhs PAKBEHLPS Hem eyt soupledin i bisessifisgativodicpoPhaiaby el ded wnMad.ni ng a

hundred o1s. 07825 @5929 U ribéihe BOURIon 8Fa full} Bé’rﬁﬁﬁi&@%ﬁednﬂszﬁmbd}ﬁ?{a@)ﬁ single
or nultiple amino acid residues. Exanples of term nal insertions 1nclude an

ant i body MAteEHe-akARFAR fitpmant e pepRigiel seprstsd am Zoeok pnd subiestebiaydiediedd to a

cyt ot oXi ghepfiday BRRliALS vmq tb%nﬁ S Bikelc P13 AhtiBeaY | ’ﬁlﬁHﬁs;féEnﬁE Qﬁ.b%ag; inedy mol ecul e
|ncludethefu5|onto or CGtermnus of the antib ?/hto an enzyme
Y

(e.g., fEyrmapppsepledp b&‘dﬁ%ﬁ}lﬁéb“tr?’ﬂ’éesw A ﬁ%ﬁ%e@sarwn@r% WAl f-1ife of

t he amtl Badyas waiiGh u@g&mh@tyt.@wpfty PR RYbRRR IyipHo¥ RbCathinyt lilkRer N- 11 nked
or O-linked. N-linked refers to the attachment of the carbohydrate noiety

to the sPEE! BRGNS an aspar agi ne residue. The ‘tripeptide sequences

aspar agi ne- X-ggfou§iRcltifhe o alaRik BRL Xolhthe@MPbdifs antiBedyefrafnichtsANYcthM no acid
except proline, are t{;f}ul%gecoeﬁmtl on sequences for enzymatic attachnment of

the car bBAYAFQMEMAR;ics baye alse B%?P&&%CHB‘“"’S|F8ée’@ﬁ‘£?enb‘sﬂ%lf§ antibpdies esence of
ei ther oOhavelbespradiced pafptibteheSGPUeNRESelhylerdnl POINRSRILL (43(S)18a1-@5532 potenti al

gl yCB? yl a b?)n T?le ‘eucme znlpllaerr] l1<)epct|1des from the Fos and Jun proteins were linked to the Fab'
portions of two different antibodies by gene fusion. The antibody homodimers were reduced
at the hinge region to form monomers and then re-oxidized to form the antibody
heterodimers. This method can also be utilized for the production of antibody homodimers.
The “diabody” technology described by Hollinger et al., Proc. Natl. Acad. Sci. USA,

30 90:6444-6448 (1993) has provided an alternative mechanism for making bispecific antibody
fragments. The fragments comprise a heavy-chain variable domain (VH) connected to a
light-chain variable domain (VL) by a linker which is too short to allow pairing between the
two domains on the same chain. Accordingly, the VH and VL domains of one fragment are

forced to pair with the complementary VL and VH domains of another fragment, thereby
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gl ycosylation refers to the attachnent of one of the sugars

N- aceyl gal act osam ne, gal actose, or xylose to a hydroxyam no aci d, nost
commonl y wenbngsoersst hr eoni ne, al t hough 5- hydroxypr ol i necerus2elopsssoxyl ysi ne
may al so be used. Addi tion of glycosylation sites to the anti body
is conveniently acconplished by altering the am no acid sequence such that
it contains one or nore of the above-described tripeptide sequences (for
N-Iinked glycosylation sites). The alteration nay al so be made by the

addi t i onfaghingdwo suttpst-bindingeitesh YAnothemstrategyrfor emakieg bispecdic antib@lyni ne r esi dues
to the s | ation
sites). &%@? gf]eans%lra E g%/l!e ghm{:v gms) AR ggsragsrolbgﬁl Jep ﬁg cg%%éﬁ@gregt e

at t achedat, HemWOh,BlWiSé@a(]lB%‘lf)ed For exarrpl e, antibodies with a mature

bohydr at ] t f th
car bohydrat & IRV IR AR, CHISSE SRR, FAPGERCLFRICCT (he .
al so ¥S Zlﬁtbdﬂie@@awbrepﬂyd)v@uﬂ-ﬂlqkd Mogye. @ 60 (198)). Antibodies with a
10bi secti,pg, {‘]y- ﬁpﬁhtygog%ycosam ne (G cNAc) in the carbohydrate attached to an

Fe region o anti-body are referenced in WO 2003/011878, Jean-Mairet et
al . and US Pat enitivialsnt BfiB@D, i68de intemalized (andfor catabplitediifaster thirt dbizgledteast one

gal act os i 0l ] d ! of the
ant 1 body TARERH Y e bbb 30T0R 1Bl ReahhAlg Bt uEAniAL8r G

1998/ 589§2tse(nRaljventi0$09n @mulmlmwibgﬁeﬂmh(@ampth@tf)élﬂ@ﬁﬂl@é&MlCh@S)a\fitbi bodi es
with, r t See al so US
200501 2 56 D FERRRIYSAfhE s, AL Widvdch pilbolie)! SR SR | nodi 11 oc

gl ycosyl atoduged by recombingitigxpressfoarof peflad WP@M ba polipdptife cthns ef e conpri ses
an Fe re i regi on

| acks fug%@gdy \gﬂghﬁ!}gﬁ ?3%?‘2 (ﬁgve I r"g%/geu%}t&)%%omg%@fglp gﬁd Ih%egiolp g‘f,’; ly, the Fe
regi on f antigeepindipapitiss By porferraskdimpiizatiemdompineimpriocdatronsiste e emEC t her ei n

whi ch fuyéétb% or'am?\r ¥ dﬁm.sﬁ&harﬁmmo@m%wgé ANBe REioP R thigns 298,
333, and 334 of the Fe region (Eu nunbering of residues Exanpl es of
publ iléat pomgrelaellmédmdtrtg s*teﬁearmm%tfgymaltteéhe Férfeg'qmifb%@f@é?‘ﬂ mrbivelentant i bodi es

i ncl ude: aH%od%QquiﬁQ&xﬁ dd8¢or Vs @/tﬁéZ%%boMQé@%(&@f@é@ fu§ A0@&{ 0115614;
US 2002/ 01643 8; US 2004/ 0093621; 'US 2004/01 140; US 2004/ 0116704; US
2004/ 011birging siys. Ponylo 1008 85 iboyyrPmUEysGEsast gne MYW'@G@SWGMS?O V\D

2005/ 0355R6:, mvé)g%?%pg %ﬁaem Qél‘ {:}\5%8@'86 tl%%ﬁké) c&tnﬁrllse tWo Blf m

336: 1239- 1249 (2 nuki etal . |ot ech |oen8( 614 (2004)
Exanpl es varabieedomajnis feos "rsraa%&iemglya@mw@w(%}ﬂw campTisOHP ks ]i)ﬁcha%te Lee 13
CHO ol | gxshat Fcc'v@lglrem'@prs(}tfﬁkt'@arfl aﬁlt e i Rl Bitiable ddhsih,.FcB ochem

Bi ophys. 249:533-545 (1986); US Pat No US 2003/ 0157108 Al, Presta, L;
and WD 2004PUBEStdE chpin ofamhsreaion X | anégg?erewa#enyan?@aeo widgfpolypaptide. and

knockout 6@} is o driePfor ifknbe, %ﬁp’éiy@%fdéc%ﬁ(bﬁﬂ@%oﬁfpﬁww ene-feemve, FUTS,
knockout CHO cells (Yamane-Ohnuki et al. Biotech. Bioeng. 87: 614 (2004)).

Anot her tipkes-\g1- C\'/'Hr icapgion ehaiy %WT@* la¥HeCR b fegtonchain 1U‘ﬁr“i‘%i‘i‘\‘ta"’“*I'hese

vari ant s aRgy aérelh%?e?éramauﬁm QihpRisdsdt ledk tWE@RA pleivBablydfour) GigkichiiRr ee, at
| east 4 or m)re) residue in the anti bod}/‘Pm)I ecufe repl aced by a different

resi dde. Vatadlejomain Rolyngptides dde mulpvaleatantibesdy hefgianay {Rriinstagre, cRppprise
2011/ 050 1@8&@3&%3%—@0@5@@9 fight chain variable domain polypeptides. The light chain

variable domain polypeptides contemplated here comprise_: a light chain variable domain and,
optionally, further comprise a CL domain.
Antibody Variants

30 In some embodiments, amino acid sequence modification(s) of the antibodies
described herein are contemplated. For example, it may be desirable to improve the binding
affinity and/or other biological properties of the antibody. Amino acid sequence variants of
the antibody are prepared by introducing appropriate nucleotide changes into the antibody

nucleic acid, or by peptide synthesis. Such modifications include, for example, deletions
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mut agenesi s i nclude the hypervariable regions, but FR alterations are al so
contenpl ated. Conservative substitutions are shown in Table A under the
headi ng ovo2priaiserssed substitutions.” If such substitut iPomaSe@e0bisoi n a
change in biological activity, then nore substantial changes, denom nated
"exenplary substitutions” in Table A or as further 5described below in
reference to am no acid classes, nmay be introduced and the products
screened. Table A Original Residue Exenplary Substitutions Preferred

Subst i t ufrP@nand/myr ips¢rapns\into:and/ersubdtingiopadf, msidugsRyithinths aiGina-acidsequenss Asn (N

Gn; Hs of tﬁ@?ﬂtibb&ﬁ ;Aﬁb)*r c%mﬁnqti&?& d@@ionc,;inlﬂérti@ﬁ‘, And substitutionl is made to arrive at
the final construct, provided that the final construct possesses the desired characteristics. The
amino acid alterations may be introduced in the subject antibody amino acid sequence at the

5  time that sequence is made. .

A useful method for identification of certain residues or regions of the antibody that
are preferred locations for mutagenesis is called “alanine scanning mutagenesis™ as described
by Cunningham and Wells (1989) Science, 244:1081-1085. Here, a residue or group of target
residues are identified (e.g., charged residues such as arg, asp, his, lys, and glu) and replaced

10 by a neutral or negatively charged amino acid (most preferably alanine or polyalanine) to
affect the interaction of the amino acids with antigen. Those amino acid locations
demonstrating functional sensitivity to the substitutions then are refined by introducing
further or other variants at, or for, the sites of substitution. Thus, while the site for
introducing an amino acid sequence variation is predetermined, the nature of the mutation per

15  se need not be predetermined. For example, to analyze the performance of a mutation at a
given site, ala scanning or random mutagenesis is conducted at the target codon or region and
the expressed immunoglobulins are screened for the desired activity.

Amino acid sequence insertions include amino- and/or carboxyl-terminal fusions
raﬁging in length from one residue to polypeptides containing a hundred or more residues, as

20  well as intrasequence insertions of single or multiple amino acid residues. Examples of
terminal insertions include an antibody with an N-terminal methionyl residue or the antibody
fused to a cytotoxic polypeptide. Other insertiondl variants of the antibody molecule include
the fusion to the N- or C-terminus of the antibody to an enzyme (e.g., for ADEPT) or a
polypeptide which increases the serum half-life of the antibody.

25 Glycosylation of polypeptides is typically either N-linked or O-linked. N-linked
refers to the attachment of the carbohydrate moiety to the side chain of an asparagine residue.
The tripeptide sequences asparagine-X-serine and asparagine-X-threonine, where X is any
amino acid except proline, are the recognition sequences for enzymatic attachment of the
carbohydrate moiety to the asparagine side chain. Thus, the presence of either of these

30 tripeptide sequences in a polypeptide creates a potential glycosylation site. O-linked
glycosylation refers to the attachment of one of the sugars N-aceylgalactosamine, galactose,
or xylose to a hydroxyamino acid, most commonly serine or threonine, although 5-

hydroxyproline or 5-hydroxylysine may also be used.
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GQu Cys (O Ser; Ala Ser Gn (Q Asn; Qu Asn Au (E) Asp; Gn Asp Ay (Q

Ala Ala Hs (H Asn; Gn; Lys; Arg Arg Ile (I) Leu; Val; Mt; Al a; Phe;
Nor | euci rwol2eu1/050188 PCT/US2010/053591
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15

20

25

30

Addition of glycosylation sites to the antibody is conveniently accomplished by
altering the amino acid sequence such that it contains one or more of the above-deécribed
tripeptide sequences (for N-linked glycosylation sites). The alteration may also be made by
the addition of, or substitution by, one or more serine or threonine residues to the sequence of
the original antibody (for O-linked glycosylation sites).

Where the antibody comprises an Fc region, the carbohydrate attached thereto may be
altered. For example, antibodies with a mature carbohydrate structure that lacks fucose
attached to an Fc region of the antibody are described in US Pat Appl No US 2003/0157108
(Presta, L.). See also US 2004/0093621 (Kyowa Hakko Kogyo Co., Ltd). Antibodies with a
bisecting N-acetylglucosamine (GlIcNAc) in the carbohydrate attached to an Fc region of the
antibody are referenced in WO 2003/011878, Jean-Mairet et al. and US Patent No.
6,602,684, Umana et al. Antibodies with at least one galactose residue in the oligosaccharide
attached to an Fc region of the antibody are reported in WO 1997/30087, Patel et al. Sée,
also, WO 1998/58964 (Raju, S.) and WO 1999/22764 (Raju, S.) concerning antibodies with
altered carbohydrate attached to the Fc region thereof. See also US 2005/0123546 (Umana et
al.) on-antigen-binding molecules with modified glycosylation.

The preferred glycosylation variant herein comprises an Fc region, wherein a
carbohydrate structure attached to the Fc region lacks fucose. Such variants have improved
ADCC function. Optionally, the Fc region further comprises one or more amino acid
substitutions therein which further improve ADCC, for example, substitutions at positions
298, 333, and/or 334 of the Fc region (Eu numbering of residues). Examples of publications -
related to “defucosylated” or “fucose-deficient” antibodies include: US 2003/0157108; WO
2000/61739; WO 2001/29246; US 2003/0115614; US 2002/0164328; US 2004/0093621; US
2004/0132140; US 2004/0110704; US 2004/0110282; US 2004/0109865; WO 2003/085119;
WO 2003/084570; WO 2005/035586; WO 2005/035778; WO2005/053742; Okazaki et al. J.
Mol. Biol. 336:1239-1249 (2004); Yamane-Ohnuki et al. Biotech. Bioeng. 87: 614 (2004).
Examples of cell lines producing defucosylated antibodies include Lec13 CHO cells deficient
in protein fucosylation (Ripka et al. Arch. Biochem. Biophys. 249:533-545 (1986); US Pat
Appl No US 2003/0157108 A1, Presta, L; and WO 2004/056312 A1, Adams e al., especially
at Example 11), and knockout cell lines, such as alpha-1,6-fucosyltransferase gene,

FUTS8 knockout CHO cells (Yamane-Ohnuki et al. Biotech. Bioeng. 87: 614 (2004)).

Another type of variant is an amino acid substitution variant. These variants have at

least one amino acid (at least two, at least three, at least 4 or more) residue in the antibody

molecule replaced by a different residue. The sites of greatest interest for substitutional
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Leu (L) Norleucine; Ile; Val; Met; Ala; Phe Ile Lys (K) Arg; Gn; Asn Arg
Met (M Leu; Phe; Ile Leu Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr Pro (P)
Al a Al a SEo208)osdtss Thr Thr (T) Val; Ser PCT/US2010/053591

mutagenesis include the hypervariable regions, but FR alterations are also contemplated.
Conservative substitutions are shown in Table A under the heading of “preferred
substitutions.” If such substitutions result in a change in biological activity, then more
substantial changes, denominated “exemplary substitutions” in Table A, or as further

5  described below in reference to amino acid classes, may be introduced and the products

screened.
Table A
Original Exemplary Preferred
Residue Substitutions Substitutions
Ala (A) Val; Leu; lle : Val
Arg (R) Lys; Gln; Asn Lys
Asn (N) Gln; His; Asp, Lys; Arg Gin
Asp (D) Glu; Asn Glu
Cys (O) Ser; Ala Ser
Gin (Q) Asn; Glu Asn
Glu (E) Asp; Gln Asp
Gly (G) Ala Ala
His (H) Asn; Gln; Lys; Arg Arg
Ile () Leu; Val; Met; Ala; Leu
Phe; Norleucine
Leu (L) Norleucine; lle; Val; . Ile
Met; Ala; Phe
Lys (K) Arg; Gln; Asn Arg
Met (M) Leu; Phe; Ile Leu
Phe (F) Trp; Leu; Val; Ile; Ala; Tyr Tyr
Pro (P) Ala Ala
Ser (S) Thr Thr
Thr (T) Val; Ser Ser
Trp (W) Tyr; Phe Tyr
Tyr (Y) Trp; Phe; Thr; Ser Phe
Val (V) Ile; Leu; Met; Phe; Leu
Ala; Norleucine
10 Substantial modifications in the biological properties of the antibody are

accomplished by selecting substitutions that differ significantly in their effect on maintaining

(a) the structure of the polypeptide backbone in the area of the substitution, for example, as a
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Ser Trp (W Tyr; Phe Tyr Tyr (Y) Trp; Phe; Thr; Ser Phe Val (V) Ile; Leu;
Met; Phe; Ala; Norleucine Leu 10Substantial nodifications in the

bi ol ogi cavopoopsotsses of the anti body are acconpli shed lpgTasb@os3sgl
substitutions that differ significantly in their effect on maintaining (a)
the structure of the pol ypepti de backbone in the area of the substitution,
for exanple, as a sheet or helical conformation, (b) the charge or

hydr ophobicity of the nolecule at the target site, or (c) the bulk of the
si de chakheet dihtlicabddnformatian; (b) tg charge dUQSroahcﬂ)icddy\oifdechdlewb agmettqngetbased on

i.de- i .' hob | |
IC:Ce)LTTmPI Z%lge§€rc2:(?)athe2 B‘M‘ gf‘) t%%%/'g ahrg ]Pzatuerg&oceur%gé FeSIfE?Osrare (!Ijmdec&’nto grflgyjs aagl d:/g
asp, gl ubasgdidpn msnar side-chainl pyeperts:g;

(1) hydrophobic: norleucine, met, ala, val, leu, ile;
5 (2) neutral hydrophilic: Cys, Ser, Thr, Asn, Gln;
(3) acidic: asp, glu;
(4) basic: his, ly;, arg;
(5) residues that influence chain orientation: gly, pro; and
(6) aromatic: trp, tyr, phe.

10 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 hypervariable
region residues of a parent antibody (e.g., a humanized or human antibody). Generally, the
resulting variant(s) selected for further development will have improved biological properties

15 relative to the parent antibody from which they are generated. A convenient way for
generating such substitutional variants involves affinity maturation using phage display.
Briefly, several hypervariable region sites (e.g., 6-7 sites) are mutated to generate all possible
amino acid substitutions at each site. The antibodies thus generated are displayed from
filamentous phage particles as fusions to the gene III product of M13 packaged within each

20  particle. The phage-displayed variants are then screened for their biological activity (e.g.,
binding affinity) as herein disclosed. In order to identify candidate hypervariable region sites
for modification, alanine scanning mutagenesis can be performed to identify hypervariable
region residues contributing significantly to antigen binding. Alternatively, or additionally, it
may be beneficial to analyze a crystal structure of the antigen-antibody complex to identify

25  contact points between the antibody and antigen. Such contact residues and neighboring
residues are candidates for substitution according to the techniques elaborated herein. Once
such variants are generated, the panel of variants is subjected to screening as described herein
and antibodies with superior properties in one or more relevant assays may be selected for
further development.

30 Nucleic acid molecules encoding amino acid sequence variants of the antibody are
prepared by a variety of methods known in the art. These methods include, but are not

limited to, isolation from a natural source (in the case of naturally occurring amino acid
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(5) residues that influence chain orientation: gly, pro; and (6) aromatic:
trp, tyr, phe. 10Non-conservative substitutions will entail exchanging a
menber ofwoneliaisoiskese cl asses for anot her cl ass. POTAISLYI0®53FD1
substitutional variant involves substituting one or nore hypervariable
region residues of a parent antibody (e.g., a humani zed or human anti body).
Cenerally, the resulting variant(s) selected for further devel opnent w ||
have i nproved biol ogi cal properties 15relative to the parent antibody from
WthCP E hwu?ﬂfvg ensy mmbaraﬁo?tbml@m??ﬁotidamediaued (re nige-ditdcred) mutﬁgfznesni:i |
substitu ol v. rati si ng pha i splay.
Briefly, Eggvert?l\é&hfsa%’?\%aagrsgg eggsllsoérfg}s'%%'%%g)a% Vgréa Al nsv)a"%{r%e nmut at ed
to generatrsombﬂthq)m;tbod)l e am no acid substitutions at each site. The

AL bodi o5 4R BORE AL 30l e B O ) ALY RARSE AR L0150
phages di gﬁhaymdumalobdmwl)@ﬁwldeheﬁhsmweelne,dhefrchy gehmtmgmmlregorcainaatct ivity
(e.qg., bi i i e r der, y
candi dat 'gﬁ' g:/%g%l\%%ra {%gyr(go%?pgﬁé %%‘ ésil'ﬁ‘%g%é?én %q¥<::ng% i% %hu};n a?ﬁ né gSC%anm ng
nut agenet@ adgbhke rpelpﬁ)cnomdsm@an aeing adig magifieatioa(é. ab¢ sxbstegucmm aramsi dues

addi 11 onoy o il TRk ARl HERa BB LB e e ruetire of the
anti gen- arﬂC'pcizrédrye vohiiedesereption et thé teachigs nf the vrt,pbis nogehstethat inhe ant i body
P e S P R S R et
vari ant s aliarasiogessercompardd torthewpd hek comteppartannpaly| sg. .slubljeeﬁptraion dl'tees eeni ng as
descri bed A8kl Hodh HorRtiel | dnf¥ e e or more
rel evant a{ssalys (r)ray %&ngsorg{a% %rn%?Wﬁg it eeéﬁgﬁsﬁr‘t\ggr\'t%amgegl{lﬁﬂl eic acid

mol ecul edherpedidiurility asporopassi td theisqildrizre cpunterant. quyfexanm!e atnis thoogly that e

pr epar edc%,fanw.brgtcxn B mg&tln%%& Wbkt dultre@Hidin alTJa&ﬁ@ Mgifgpds i nclude,

but are nOt , Isolation §£Oﬁla natural source |n the case of
nat urdal | ympsexedror finynislieidh@1 glkinding ansiépr Sieowlemgnt Rgperdenytptosipity GIRON by

ol i 90”“%??5& &?crfﬁ%&lina\k/@;ﬁ?k%ﬂs 'SE@alfU bﬁﬁ%@@w%%%‘?ﬁﬁn%%é’% agenesi s,

and cassefte mut agenesl s an ear prep ared variant or non- vari ant

versi on & Rajsat %%tﬁ%éé?o US Patent Np. ﬁw@%ﬁ &gé @éé’i’@%l%‘ﬂ eoricmm@ﬂ@e one or nore

ami no ac%rﬂmlo?r&@%ioﬁr\ﬁnan& WO (k8 fand 1> bOTIMBBEIQRIIPO! YPEDt i des
of the invention ereb Yy generat|ng a Fc region vari ant C reg|on

variant Mesgribeamiibedyevadanivihinmeoved gF diminitgd binding (eFeRs, The sampahol gG , | g,

1 9G320r  Li3(pateit HuBALRBAs é‘r@E’ﬂ%ifé&lB&n&Jﬂpcﬁ&f&dﬂré}Ebﬁre@Q{cE' §é’bt hig shRigg. . a
substituti On) gat one or nore am no acid positions including that of a hinge

cyst ei ne¢ 4i- Btob Srharnt@): \ﬁns?lh“toﬁ|(§)Odibs%'ﬁib9@'%‘ﬁ'“}1ﬁﬁreﬁsﬁéh’{"éh\tﬁﬁlaﬁfbs of the art,
it is coml?rmld%ﬁmgtm;e nleShald) 0 PRe RSP NBMish is dpsRibldBite HaRErioh Met hods

of the invention ma nprise one or nore alterations as conpared to the

wild typ&akashtess i Ffeéﬁ‘ft(pﬁw;?‘ alg J gmmupgl. § He38Z41978ypndKimmgiakd- ant i bodi es

woul d nomghbe) eas4b efodk)), SélBstMUIRUEY005/0014830R 1 aliglonet 411 $hdses required
for therapeutic utility as conpared to their wild type counterpart. For
ex amgp e, aptibogigs SIRRGGHEN Fqyggion with one or more substitutions theréin which improve

binding of the Fc region to FcRn. Polypeptide vanants with altered Fc region amino acid
sequences and increased or decreased C1q binding capability are described in US patent No.
6,194,551B1, WO099/51642. The contents of those patent publications are specifically
incorporated herein by reference. See, also, Idusogie et al., J. Immunol. 164: 4178-4184
30 (2000).

Antibody Derivatives

The antibodies of the present invention can be further modified to contain additional
nonproteinaceous moieties that are known in the art and readily available. Preferably, the ‘

moieties suitable for derivatization of the antibody are water soluble polymers. Non-limiting
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certain alterations can be nmade in the Fe region that would result in
altered (i.e., either 15inproved or dimnished) d g binding and/or

Conpl ererwoRepasomat Cytotoxicity (CDC), e.g., as descripb@aseonoM8srol 51642.
See al so Duncan 8c Wnter Nature 322:738-40 (1988); US Patent No.

5,648, 260; US Patent No. 5,624,821; and W94/ 29351 concerni ng ot her

exanpl es of Fe region variants. W00/ 42072 (Presta) and WD 2004/ 056312
(Lowran) describe antibody variants with inproved or dimnished binding to
FcRs. Thexagwias @fwatef sopubiepodymepninelnde, puttard npatiinged toapadyesipdank 2lyeall | y

i ncor por ol . Chem
9(2): P giﬁgB%EB?}fgrél%}){e&%gﬁgyﬁggg E@?’%"ﬁ%@? gg@(gﬁi %Zf ? ﬁll"?J\?edseL(g%d i nproved
bi ndi ng polyYing alseloal apodyvirsé pyreadidpneg poly-FcRRaipxolawsi ply41 s, &E@p&mm ble for the

transfer
117: 587( 1@%‘%%%'@%%“ g&swtpglymﬁ pgﬁnu'ﬁ(’{c%ga{hﬁﬁg "?Jf?)%'ﬂ% S°'ar e&ﬁescrl bed in
US2005/ 009D B18Ls), a{lﬁdmt@n Oepolx(h V)nyl Myresdidorimhitetytsae elsfcwiompmrpsxéeran Fe region

with one g@Eol'ﬂQn‘hgp&)?‘”?ég 'pkH;r rWenE BelEL® l@%‘ &Ime s? E&?&ﬁgth%ateﬁ he Fe

region t6 FCRn e vari ant s no acid
sequenceBOlaﬁﬂ(qmcgr‘Ea@Qdmh’Vl@bée‘rce@é,eidd Olixjurigs ?héllleﬂ@ P@&’gﬁmem glycdr e descri bed

in US pabl%monmehy@e t%?y‘lha‘i'@ % ntaX@%&%ﬁ%r Qﬁe Qs %’Bh fwattenoﬁ"ﬁe pat ent

pubI icatlons are SpeCI | Caﬁ]a I ncor por at e her el n erence. See, al SO,
| dusogi epelymer.may] bemﬁmm@plecqamelghwsd Baghe w@r(czexbo))unbmncheboabe Martievat i ves

The apti Wlﬁ&r@&ﬁa&ﬁbﬁ t@fh@%ﬁt’?ﬁod& 4§ %r& %d ¢BhorD ﬁmafl Uhd &ﬁ§m{l:ﬁ gr'e a{tft:Qec} 0 contain

addi t1 onal nonprotel naceous noieties that are known In e art and readily
avai | abl ey pndiedhegamy or difisrepneleudss. Hugengrsl, thepmberanil/pntype eftfolyment t he

anti body us%[i SorViRtiBtizat Rl Ehh Be RAIAIHRE §ase(!l\19rpcdn!slmr§afld}lg mc%ﬁ’&?hﬁ%gﬂemlmt er |

sol ubl e polyners include, but are not [imted gdyco
(PEG), cE?lee)Pﬁ%‘P%lardFOI@ﬁW péﬂ@ctg}nygfah;z ptibpd) terbe lrglprytqgi[, whether the antibo

car boxymrmme\bhn%q%m@%ar F0ndeP @kl BXHditRhE QRO pol yvi nyl pyrrol i done,
pol y- 3- di oxol ane, g 6-trioxane, ethyl ene/ mal ei ¢ anhydri de

copoll§/ne?c’effﬁ‘l'wﬁflh’éb&éfedg’”('é’?’t’%é?’”ﬂé’ﬁ‘é{)ol ymers or random 5copol yners), and

dextran or pomé(annwdwamwe@ém HRERIoR QA B N8B0 Gl Propropyl ene
gl ycol hom)polcémars prol ypropyl ene oxi de/ ethyl ene oxide co-pol ymers,

pol yoxyePhpical’ amr%'l%}esﬂeeémbblologlpgléwams bypyatiguiapspys klop@nwihe agnd ni xt ur es

t her eof . (sBRk ¥ehi¥h 8 QisBloyedMereif) ORh S &%M%n&a%tnhw@s Advanages 1 n
manuf acturing due to |ts Stablq|ltg in_wate The pol yner may be of any
|

mol ecul afor@RY gistor merrPfiedpction Qs blag ﬁéﬂ”&?f’“&ﬁ@ﬁ’ﬁ.‘ﬁc‘ﬁ‘é‘&“oﬂ'ﬂ@ okt 10 of

pol yn®Br s hésinaeihae, fe@udiBf oPBIbIKMRHE BRI a0y hepaiQubskrafdQé 8, hldaIS®Hfo-POl ymer s
are attached theé can be the same or different nolecules. In general, the

nunber aH’EI‘?‘rFraC‘PS/H P-HEHawpyregm applgcyfar Helipg eyt FSHNERAARE det er mi ned

based onprodhsibslef Afumonsel prolifeehingdisdrtdr oR@tankbrMhddsd tle@meh® pRIEAoRUI ar
of the antibody to be inproved, whether the

propertie r function
ant i body® tsn%‘? isQrdgr P%F@cw‘? With engingypressioq ami{ef %{‘W‘%ﬁﬂ‘"é‘rasd@r“iaﬁ“é’d‘eéﬁﬁdl tions,
etc. 15 Sghr&eibh Bgl/drattiva).i Q6 Smbddiert fégsRthcViBNS hdpsMenzymatic

25  activity. In one embodiment, the enzymatic activity comprises cleavage of polypeptide
substrate of hepsin. In one embodiment, the polypeptide substrate of hepsin is one or more of
pro-macrophage stimulating protein (pro-MSP), pro-uPA, Factor VII and pro-HGF. Hepsin
activation of pro-MSP is described in co-pending, co-owned US provisional patent
application no. 61/253,990, filed October 22, 2009. In one embodiment, the enzymatic

30  activity comprises cleavage of a synthetic substrate of hepsin. In some embodiments, the
hepsin synthetic substrate is a substrate shown in Table 1.

The purified antibodies can be further characterized by a series of assays including,

but not limited to, N-terminal sequencing, amino acid analysis, non-denaturing size exclusion
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The anti bodies of the present invention can be characterized for their
physi cal / chem cal properties and biol ogi cal functions by various assays
known i n wbeorardso(ssone of which are disclosed herein). PoTAsEomsdsodi nent s,
anti bodi es are characterized for any one or nore of reduction 01. bl ocking
of hepsin binding, reduction or blocking of 20hepsin activity, reduction or
bl ocki ng of hepsin and/or hepsin substrate (e.g., pro-MP, pro- uPA, Factor
VI, pro-HG-) downstream nol ecul ar signaling, and/or treatnent and/or
prevent i bigh pfesard liquix chrayedtdgranhg(HP e massspatitromedprioroxchangancer ;  and/ or
treat men order associated with hepsin expression
and/ or a%?r?ﬁl?t?%rgg@ghggbaﬂfﬁ rsgg'zed hepsi n expression and/or activity). In
sonme enbodi nelntcsrtaimepbediments ¢fithe ipvangom ¢hpsinhibaslies proguded @@ acare ialyzed | n one
enbodi ne | I [ Je

subst ratg&r Weﬁr%%lg%qagﬁﬁtgng‘c%lr%o ¥(r)r°gﬁ%£ tlﬁ%‘?‘ntl&{dﬁ%‘é@&% gefs%rﬂa'lv%éxlagﬁtg} of hepsin
i'S oné otestedfa tfcrﬁr aptigenrbarglingpictigity. Sthe patigae binding pestysi that @rerkao s the prt 0- UPA,
Factor V ' Sghddhed in

co- pend i A B TR fhofthiiSbh oY Aechlr bRt b HERE 08 050,
filed Ocughetechnigue9on as wwtemmblosmbéidlmmlmoassa)heﬂelﬁz\;(mm lighdctivity

conpri se e . o i LR sfgllgpe gpodi ment s,
t he heps?ﬂrﬁg@%%{'ﬁ%?la%gs)ub%%{%gg '{ngugbjagﬁ%gs% g‘tu eépsr%gpqm% l(|5]1naST<’:1/f) s The
puri fi edinmpidsedysesndmapiciier fmmurvassaxsh dliuatativeiantégen lhipdmegged p@gr aéffayases ays

i.ncl ydi n i N b QectNnt €r m nal sequencing, ami no acid anal ysis,
non- lc’lgna ﬁ)rvwgbésl%é'“g%f(ﬁg? onect i gh pressure liquid chromatography (HPLC),
mass spectronken yntl hepinanidtedy ghat mhibbnestleneveh igdeairrd, hapatididattiagikadyon.

In certaj %&W@ﬂ if Qrtd/érbf?vavgws@a&'tmmessns lant,.'nb@sif*c%ﬁ RiARugEoderein are
anal yzed for eir biological activity. I'n sone enbodinents, the antibodies
of the pfasasmining\genth em/errpeol Beratianend afcaicen qgH jare Véﬁi't'i"gé'n inghe gt. ng activity.

The anti %%E\E 5&%&%@%%"& Rk cargmmqmo; Pofifdftiah inddpGRRisbe used herein
include wthout Iimtation any direct or coggetl tive bi nd| ng assays using
techri|5quel§|lsiecfhf exgmplssBriningsirpnarafion agsy.dYl i Ald hdemidine ipgormsatoakegne | i nked

' mmnosoa%gééun@%@y(»erkln%@mw & v1dbﬂm’£§9§;§ 38Y SCellTHRNBRRP Rk, ahl Gl assays,

fl uorescent 1nmundassays, and protein A’i nminoassays. Il Tustrative antigen
bi ndi ng 48l ot her assay are 10provi ded bel ow in the Exanples section.

I'f an anti - hepsing ABLdiREHYhE PREent MDERLA §or§§1l|ﬂlatébré?n%hbdd§ the pbscQsbs t he

candi date antibody can be tested in in vitro and/or in vivo assays t hat
nmeasur e iefpatesifunciansofln gertain gpbodimentspbe Regrdivitiss olshasatibpdigarg mewredam d/ or

pr ol ijper aftamdart 1@1%&%&18@'&5% &R kbndk O doRfidnhe AddbeticepBlichr y met hods
for determning cell growth and/ or proliferation and/or apoptosis )

15i ncl udef CPErandeaARCE, achyities. iFREeRpBleals KPS SEAR) bIEING assakg canRg i di ne

i ncor por QBIII(Rl@te& fo dhsure that the antibody lacks FcyR binding (hence likely lacking ADCC
activity), but retains FcRn binding ability. The primary cells for mediating ADCC, NK cells,
~express FcyRIII only, whereas monocytes express FcyRI, FcyRII and FeyRIIL. FcR

25  expression on hematopoietic cells is summarized in Table 3 on page 464 of Ravetch and
Kinet, Annu. Rev. Immunol 9:457-92 (1991). An example of an in vitro assay to assess
ADCC activity of a molecule of interest is described in US Patent No. 5,500,362 or
5,821,337. An assay to detect ADCC activity is also exemplified herein. Useful effector cells
for such assays include peripheral blood mononuclear cells (PBMC) and Natural Killer (NK)

30 cells. Alternatively, or additionally, ADCC activity of the molecule of interest may be
assessed in vivo, e.g., in a animal model such as that disclosed in Clynes et al. PNAS (USA)
95:652-656 (1998). Clq binding assays may also be carried out to confirm that the antibody

is unable to bind Clq and hence lacks CDC activity. To assess complement activation, a
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TopCount assay (PerkinElnmer)), cell viability assays (e.g., CellTiter-do
(Pronega)), and the like. I n one enbodi nent, the present invention
cont enpl avexoramserssi body t hat possesses effector functi @ea3/USROI0OSIHAI N
enbodi ments, the Fc activities of the antibody are neasured. In 20vitro
and/or in vivo cytotoxicity assays can be conducted to confirmthe
reducti on/ depl etion of CDC and/or ADCC activities. For exanple, Fe receptor
(FcR) bindi ng assays can be conducted to ensure that the antibody | acks
FcyR bi n&iD&gas{aheng eas|desceibed ingipkzang-SADOC eaelt. i vimnydnol. Methode2®i 168 FcRn bi ndi ng
ability ' I Iy FcyRI I
only, Wng-rggg)sm%ﬁ%%%?ggéde?p?&gg'sngﬁg;%? lnr‘%&yR I né%'@%&%ﬁ'ﬁ%%gﬁfs%gexpressi on
on hemat apobeparformed usinginethpdpreawnziatheiat. Tabl e 3 on page 464 of Ravetch and
Ki net, A 1). An exanple of an in vitro assay
to asse52@XDéEQ§%f%@T¥€P% b géﬁ&éagf interest is described in US Patent
No. 57500, 362Fas rrecsmSQﬂintmuctm ofi g anfibpdy efgheciavenipCtheanicieisiacigd enepdirigs o

exenpl i f I de
per i pher A Bl e nsncd o FiepRahEYo iR bortfy R ERBEMITIGY socel 1.
Al t er nat PIN)r fop expieidioni BN ¢ngodingticantibpdy/is rgadidy iselaied m audneedofsingnt er est
may be a I t sclosed in
G ynes e?ég,lglﬁ%qugoC\é%aé%(egfag%umh 01 Ogﬁl%égghe 5{199& thé%ﬁ? %%§§s°Z2§‘gg'§ay al so be
carried émpslﬁtceilydemmeﬁ ARoRERE tltemga\a/rﬂnﬁ élwhalss ﬁﬁwnéchtv) tilang vesters ared hence

| acks o CDGyAGHIE, vmeycho,%@ommep%mnh paFeaH th@ﬁésk yeanttw@usea cXmiRssay, e.g., as
described in Gazzano- Santoro et al . I'munol . Methods 202: 163 (1996)

may be pérefesicrbest catlsRrs qﬂeﬁhﬁrm@karrxethqfevkayrpt’eI(&eaprahwﬁmmahaq) ofigin. It

determn I the art.

Vect or s, %I-Iz)gétqa?pge%ﬁte,a t%gcagggtgn%%g? nwwlg(%tg% dSQHSXIEI;gér15 rfégggﬁg?ﬁﬁ%ﬁt producti on of
an ant i bing{pdise lgGdeMaledn gl end laFeopsiant geonadndthenvieiFarngtantregiansican| at ed and
[ nsertedbé BbtAndd &R hhyCiI B oY SGkarspfGds, further cloning (anplification of the
DNA) or for expression. DNA encodln the antibody is readily isolated and
sequéfced usih§caerpiingantibediespising o ticchogt cellsy usi ng ol i gonucl eot i de
probes that arg.eapeblse.&onti Nnding specifically to genes encodi ng the heavy
and light chains of the antibody). Many vectors are 10avail able. The choice
of vector depBHyycleptidssequensss epreding eplypsptife sanngpentsefdhe abhyAfthe,  pref erred

host cel lifveR{dd cf b&bbidifdd Rin@kAhIHRd Ie@orﬁﬁmﬁ'ﬂ{@@ﬂrﬁ(@fek CDés%J‘SJIﬁIdcbéomm| ian)
origin. It will be appreciated that constant regions of y i sotype can be

used for S%%F@ewﬁpb%'éola%m%ﬂ%gchgam iRy @Nucnngee"SéH@ %S@Ebwffsat ant

regi @os, cand Allmhtiens BolsMisdoBdds chieBd Qﬁﬁies@z’éﬂ ubifg ARIALBES nfheareranycRUMBN Or
ani mal species. 15a. Generating antibodies using prokaryotic host cells: i.

Vect or CeBRiAYsSt Pags obtained, ssgyeprgieneadinedhe ROSPERIES are dRseidtl IRG 2pol ypept i de

C0rmonentra;omf)ma]h&e@mabm%mplIcmglamvwdsgng RédtogoRpbBhadebtides ing st andar d
reconbi nant techni ques. Desi rgl pol ynucl eot | de se uences nmay, be isol ated

and sequ@FKEIOHG s afany ¥eReTS bﬂﬁ%?vﬁdatﬂ%ﬂdé‘“%ﬁﬁ” saheAshedsiioRteel | s.

Al t er nat ipuibe, ofﬂﬁlpyésbmhmmlaﬁse&anbnmansygfprrckbemez/eaominn@pﬁueﬁamy bele
synt hesi zer  or ce obhtai ned, ;sequences enc

pol ypgept ife&eaf g‘e “H%J%IF f“éﬂf"q‘l"?ff’ H‘S%Ferdé'&%Fﬂ?lvﬁ%{ﬂ’ta"gé'?t%mc&?b%‘ﬁf 'd? rt1’Igepl i cating

and expr @afdférthed &iith tHl vegror SEaPR acidi Coidihd weisud d’bn@bﬁﬁﬁ&r ypehdind@bitss. Many
sed for the purpose

of the prECL CPROLAPOR BBl B BIoat MbBrOET FaE PBLEBH™ || depend
mai Nl y ORompatibility with the particular host cell in which it resides. The vector components
generally include, but are not limited to: an origin of replication, a selection marker gene, a
30  promoter, a ribosome binding site (RBS), a signal sequence, the heterologous nucleic acid
insert and a transcription termination sequence.
In general, plasmid vectors containing replicon and control sequences which are

derived from species compatible with the host cell are used in connection with these hosts.

The vector ordinarily carries a replication site, as well as marking sequences which are
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25t he size of the nucleic acids to be inserted into the vector and the
particul ar host cell to be transfornmed with the vector. Each vector

cont ai ns waniowsossnmponent s, depending on its function Eamuisedioosisbon or
expressi on of heterol ogous pol ynucl eotide, or both) and its conpatibility
with the particular host cell in which it resides. The vector conponents
generally include, but are not Iimted to: an origin of replication, a

sel ection marker gene, a 30pronoter, a ribosone binding site (RBS), a

si gnal seapadlnoprovitiiag pbtrenwpicogloctniucirsiocmedtietls.ios evampind. @litis anscri ption

t erm nat 1 A} i ng

repli con‘ygﬂéﬁf@%‘? @o ed usm&é’n R35?V\ﬁx‘?a’§ﬁ d:&regv% eri va'gEfco 'rr? toles ?géﬁcorrpatl bl e

wi t h t hecdntmns g?@SIenmdmmmblllln (4opreadtétanycling (T et)hmnhoa*tdshus'ﬁnwdnect or

ordi nari | nces which
are capg%?' fg*f‘%@‘u“zﬁ Rélréﬁﬁ%)'ﬁrg %?l%:%ng? eet] S%r'vl%ﬁvet%%hggrrn?rcg%qgel | s. For
exanpbe, Pﬁsmldabnbaptsrlwp)\pg@aﬁ)l alsat qoatamf orbembdifsd ngcqBRE 2Bymaerpwhshcand deri ved
from an i.ciblin (Am)
and ot r EEfbl aR GRS oriEer ERL L Br AN BB L ARLE L ]

i denti fyphﬁ322r®nsafttypm@dd fselex;seSSpBRBmtlcumr sntibedieyart desegbedon dgeihmr i cr obi al
Splasm i gg etﬁa@tselpgtgﬂh@(gg 6@?!373' so contain, or be nodified to contain,
pronot ers can be use the microbial organismfor expression of
endogenous prlotadditien, PB@&rYpftt@ls C@Ttalplmﬁcqn@nd vertiol gquansesdhdtere expr essi on of
partigul i .S, Patent
o, 18 GaBmyable M Bl BicBRRRIRh bspE bt flcofhectio 00 ol
sequencewith bese koste. ﬂ(@@wmt,lbmte“lqnhagﬁ sedhers AGEM. Wcrlbmagaﬂum;llmd:an be used as
t ransf or he e host or. e

bact er | Og?hﬂg ge&élﬁgi%al{t vecﬁé’& %%e useEi ttrans Iip sUsce %IbH: hr?a cefrf]sgsrrgh ?ge%onbl nant
vect or whe/thEX¥¥9an be used to transform susceptl bI e host cells such as E.
coli LE392. T t ' o two or nore
promot or - of st D BB e A8 ML lenhn hiaP ol R BN B pERERE SREa cre ! A
pr ono$ er paiss, engoding ¢aalm9f @t edypwtjdd mpyengeemmnmetet m@atuemanslpsﬂr eam (5') to a
cistron i okar typically fall
R R e Y

pr onot er Prokaryotiogrometersypicadly édlsing tiveviessss, ofdu¢iblaasdednptitiave. diducibé ci stron
under it 5 G {9 brﬂotéﬁﬁﬁqms‘r Jlﬂcrgilé‘d‘ﬁ%ﬁs bﬂrak ﬁ ﬁ&l éleie cnﬁ%ﬂ%&érﬁ’t’s‘ €.g.,

t he presence or dbsence  of Jonutrrent or 8 tenmperat ure.

| ar ge nupdsdrol mfresppmﬁm @tasgqseltfd)gmlzwowﬂlan walf,ltlmtwesoﬁcepma@mnqeaplf ahost cells
are | n}ﬁ gﬂg Seli&riSHuRr onot er can be operably linked to cistron DNA
encodi ng t % heavy chain by renoving the promoter fromthe source
DNA vi a rest rMZtrzwnéaqurmomtgresqcpgmzedrbm ajvarsaty of petentifidhobtsellsaredelbr onot er

sequence kP ThO@1eHRE hRImdtdr ch'6e dp@MBHInRLY o BRI BRE dAaldiNEihe tight or

heavy chain by removing the promoter from the source DNA via restriction enzyme digestion
and inserting the isolated promoter sequence into the vector of the invention. Both the native
25  promoter sequence and many heterologous promoters may be used to direct amplification
and/or expression of the target genes. In some embodiments, heterologous promoters are
utilized, as they generally permit greater transcription and higher yields of expressed target
gene as compared to the native target polypeptide promoter.
Promoters suitable for use with prokaryotic hosts include the PhoA promoter, the p-
30 galactamase and lactose promoter systems, a tryptophan (trp) promoter system and hybrid
promoters such as the tac or the trc promoter. However, other promoters that are functional
in bacteria (such as other known bacterial or phage promoters) are suitable as well. Their

nucleotide sequences have been published, thereby enabling a skilled worker operably to

69



25 pronoter sequence and many heterol ogous pronoters nmay be used to direct
anplification and/or expression of the target genes. In sonme enbodi nents,
het er ol ogwo=0wisMs8ers are utilized, as they general |y pemTrastoignssber
transcription and higher yields of expressed target gene as conpared to the
native target polypeptide pronoter. Pronpters suitable for use with
prokaryotic hosts include the PhoA pronoter, the 13,- 30 gal actanase and

| act ose pronoter systens, a tryptophan (trp) pronoter system and hybrid
pr-onot er Bgasatbém ascmthnes trmodiog thehzag¢t|11ghtmnd hetve chaitdq8eb@ilist c0hl€r98py onot er s
that arec act a r cterial or phage
prormters%ygdr:tgk@ %né Pkesora aigrs 01%@? ﬁ?’urehlgf)efjlre mcyé'&]ﬂgﬁces have been

publ i shed, t Hepedbsspanabthe ngeraxoskeablh astronoy ikhdrr themombnhynttvectorlclog@tleshhem to

51 AR BB P Alok 80 00 SRR (LR

rest yf> ct dapess g integrprane. In gendral, tbmenga@pmn@fmztyﬂve alcnmpmtehmf;heaectbr ot st ron
oL Py AR A5 B RERIA B BB TR BB
a menbr asrquenkcnisedpsted ferithe pumposs pfjthalinseganeshodd haynebEatas xecngpaacemtd of the

vect or, p i,.s. inserted
ot hePloeetalPe @t A ferdl ocploe AR neRECoHP BB aeflingle b By 1

i nvent i odo mnwbwlmndmmcm@he sngnaksecwgmsznetdveamdme;hctommﬂxbo@ypepnqes cl eaved by
a sigpal rQ st _cells that do
not ?gcogggigkdlg g%cf E%Sélts)is}ﬁ‘ftge ] 6’ 4 Otrg[%%ce 51%%% %S&e{]%rteﬁe'g?{e’t er ol ogous
pol ypept fromshe groprensistigaaf thset!falawméospéatsssbmnlculuna@d Iy oahqat-slklae yotic signal
SeauenCe Relb gl s i RIBTIS, PIGEOPLbISnBE HR RS A9 BB 1 e
| eader s, thEarYB\tIOPh@ESlgﬂébﬂuel@pwed arkptivefrons nf tbnexpessiiodsysemtaro$ TH he

i nventi o)y, Qﬁuéicgﬂﬁ'v SEaUsnegs used in both cistrons of the expression
system are STI'T sig F sequences or variants thereof. 151 n another aspect,
the p?oducti dn a@ﬁthetfh@ePtnﬁhﬁnmgP@buIOfths immoerettibnlinstageardieg totheinvéntioncan occur
in the C&’Jn%%ﬁ?rﬂ?h@f:yt%ﬁ]&‘gnh@ﬁf.e ﬁ’cﬁl <I:e’ll ?r{a%éré}‘c?(e%é’sr ot ﬁ:ﬂ@?e o rege%PéJJ)fr e the
presence of secretion signa sequences W thin each 'cistr n that regard,
i Munog| FBisHphsignagspauensel Wigin gack Rigirens lathat egpd dowwaoglbpiliddightand assenbl ed
to form f\é&’@f'&ﬂaﬂ@%l'e éx%@@%l@p&'&dd%seWbFeG't@foﬁ’tﬂ?un%%&%mnﬁﬁdﬂo I@Gul‘ng' n host
strains (e.g E. coli trxB- strains) provide cyto ésmz condi tions
that ar vet%EVWeGMIOE‘aFTBrCW%NMSF geainsdeel the Eed/i torB- Stfﬁeﬂr)etpy dsesyteplesmng proper

f ol dbig @dﬂqltﬁmmké/famralﬂé(ﬁﬁgﬁﬁﬁ% %&tfgﬂnﬂtlwmpé %errrlD {tlﬂggroga‘q%ﬂ ckthun
Gene, 159: 203 95) . Prokaryotic host cel s sui t xpre55| ng

ant i bodi &y 3 Hé’flemféﬁﬁ?q Rateinfubynits  Rreba apbBluelghunGenadl SBIZBAE98P) a, such as

G am negat | VQ’r&{ar)@@-%d@@eﬂlsrshlva%le%lg@(@légﬁg anﬁﬁé"’d”l@#lo?ﬁlec?live“‘l'ﬁ(ﬁ'?c IHJ:Iu&aCt eria
i ncl ude Escherichia (S,EH E. coil), Bacilli (e.g., B. subtili
D5ENt er opEhEcdASteria and EybRStHACC Bdap@gcedivg or or Gram-p@sitiygioreeBisys- Sal monel | a

t yphi rmrEmpxé%mmn@adﬂaraq%w@@cheﬁm@@ gelé @ozz)PB&tlmte@g Bhi,gfldHa, Rhizobia,
Vit reosc | la, or Paracoccus. I n one enbodi ment, gram negative cells are

used?2® | nEyrebassia i spyslemonys specigsi(e-ge Py ar W@S@s%m%e”ﬁ@ﬁ"é"wwr‘"’ fareatianvent i on.

Exanmpl esm@dcedzansC Riebsisilal Biokkhs, Ihede &l Rnslobial VierBdhQ, drPambagaiy).in 6 | ul ar and
Mbl ecul ar B| oI og vol 2 V\ashl ngton, D.C.: Aneri can Soci ety for
&

M cr obi of BRf¢ '"egébvep‘ﬁ"s ar¢ §esd1  ene eppodimmaty Bsqoli Rl a”~2‘75°32~‘5‘)03'énd

derivati fb@&etlrh/@ﬁmf Exhiigles 6k B1go/B §tFadisinchdl3tr1A WNJ0 gsRphYRe CVBAFQndf hUA
(At onA) ac. 1q laclL8 AonpTA( c-fepE) degP4l1 kanR (U. S. Pat. No.

3
5, 639, 63 [“‘tbi"r%'f’b%)f val A§Wasiangey Rrgt'i\%%wﬂﬁé?'@ésffm MigeakiokegyEi988hi | 294

(ATCS) 31pp}4690-1289; ADEC DBposk-N& F,35) hld Geriv AN th3rbo B Snb)uddipdirkin 3603 |
RV308( 'A\T(%lcv:ln?élgergsoot)§ e W3110 AfhuA (AtonA) ptr3 lac Iq lacL8 AompTA(nmpc-fepE) degP41
kanR (U.S. Pat. No. 5,639,635). Other strains and derivatives thereof, such as E. coli 294

(ATCC 31,446), E. coli B, E. colir 1776 (ATCC 31,537) and E. coli RV308(ATCC 31,608)
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are also suitable. These exanples are illustrative rather than limting.

Met hods for constructing derivatives of any of the above-nentioned bacteria
havi ng deWored/gersst ypes are known in the art and descr iPb@&dszono/053mp1
exanple, Bass et al., Proteins, 8:309-314 (1990). It is generally necessary
to select the appropriate bacteria taking into consideration replicability
of 5the replicon in the cells of a bacterium For exanple, E coil,
Serratia, or Sal nonella species can be suitably used as the host when well
known pl axsrziSdsuiBbthhﬁepm& arqiBR3@bye rpthéi\tﬁ‘én?l?rnitiog MkMN4dOfoar e used-to

supply t g&y{n?c?llngﬁ%lfatl%sé Bk gna) Of)({f‘cfl a%gvebrgefnglor(\:&il bact%rrnlz? Havhngble me% enot [gal amount s

of prote nzynes rotease S rably be
i ncor por keayh in phetanieand déscrilgad| in,fpreexarhPliej Bathai Ubdtynnpr&)m?eftmmh)%{pslt iscells are

transfor g& raWk egsgﬁttg‘pacf?thqeﬁig%r #lj?a?e ba%éplg Faﬁﬁ\:%?rﬂo C(%n ﬁon?‘reghcabjljl& urfEd in

convent i pronot ers,
sel echi nghetwmlngf ortieeast!sof adractanwhi Fgﬂemgnplh,eE gdnésnamcmcﬁahgortehespdess red

Sequencesy, vHIRMALIRL AOnAERRG i kB 510N D8R BR OJsAT VOt T € host

so t hat er as an extr sonal el enent or
by chr onmp46¥&ll 77,0t eIgNéWtare @@pm:wig thenreplisen. Hbpicatle the hageel) stonkinsf or mat i on

is done A ony.i e cal cium

treat man'%le%e I g‘;ﬁgﬁcgﬁ c?ﬁ” or| |SEB§§§%I§3+3I?§I%&E% uwsr {]eri al cells

t hat conﬂ%snrnblsbbsmmona@ﬂ ircthe bellmalllturebar riers. Another net hod for ,

tranq{)or mati o ﬂ%aﬁ’zﬁgﬂ&{(&’rﬁt hyl ene gl ycol / DMSO. Yet another techni que used
ro

i's electroporatlon aryotic cells used to produce the pol ypepti des of
t he i nvent i onHest ecllyaviransformeddiith thnabame-flescritied expressindeeons aabéudtufedr cul t ur e

of the S¢|&Gl&HPRbtriGR edia n'?&&?f’i@&'a?%;g)%prﬁ{é'fm%ﬁ Jégy‘i’n%rﬁ‘(ak@%'eiégﬁ\g'-“r la broth

(LB) plus necessary nutrient su I ment's, the nedia
al so contramSﬁymants@remplulfmgﬁgmnes eoanhewsw seauen¢gs. constructi on of the

expressi on Veﬁ&%fon&@o@ﬁ&ﬁ@ﬁdt%@@hg@ﬁm fto Hle eryB ic Pés%@thé(t‘?ﬁé EN&EL S
Jued

contai ni ng the 25expression vector. For exa mpicillinis a
medi d3f orepdjeabls pithst ascaa|ekisachsgrasermal glgmgntir by ichro nSOﬂ%insftgafm Qjéﬂ‘éim%Any
necessary, ﬁlé%h%@?ﬁkfeé RRSHAERiof RTdIANusidY st@L8 TochARksla ?&6;%'{9 6 sifjosphat e

sour ces maig al'so be included at appropriate concentrations Introduced al one
or as a f¢llt Theecalgiunntrestiaenth employipg Faetam chigridars generallyweed fasbagtesiahesllex

ni t 1 ogen 450tneAn subRhrdt@N@NILwall haied0 Abhbl RethBto HMAnSRYMARA eRpbyPNE or nore
reduci ng agents selected fromthe group consisting of glutat %I one,

cyst ei ne polystaylane ghecol/PNSEy [Ygtamothgk technigue H?eéé?%}%q‘fppqréqm“and dithiothreitol.

20 Prokaryotic cells used to produce the polypeptides of the invention are grown in
media known in the art and suitable for culture of the selected host cells. Examples of
suitable media include Luria broth (LB) plus necessary nutrient supplements. In some
embodiments, the media also contains a selection agent, chosen base-d on the construction of
the expression vector, to selectively permit growth of prokaryotic cells containing the

25  expression vector. For example, ampicillin is added to media for growth of cells expressing
ampicillin resistant gene.

Any necessary supplements besides carbon, nitrogen, and inorganic phosphate
sources may also be included at appropriate concentrations introduced alone or as a mixture
with another supplement or medium such as a complex nitrogen source. Optionally the

30 culture medium may contain one or more reducing agents selected from the group consisting
of glutathione, cysteine, cystamine, thioglycollate, dithioerythritol and dithiothreitol.

The prokaryotic host cells are cultured at suitable terﬁperatures. For E. coli growth,

for example, the preferred temperature ranges from about 20°C to about 39°C, more
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The prokaryotic host cells are cultured at suitable tenperatures. For E.
coli growth, for exanple, the preferred tenperature ranges from about 20C
to about wOCGp1mBoBS preferably from about 25C to about PICTUSewensITOT €
preferably at about 30C. The pH of the nmedi um may be any pH ranging from
about 5 to about 9, depending mainly on the host organism For E. coli, the
pHis preferably fromabout 6.8 to about 7.4, and nore preferably about
7.0. 51f an inducible pronoter is used in the expression vector of the

i nventi oprefembmﬁacimampzﬁssb atsoui S7°Cndlmﬁd>rdmdiéfabl§'aﬂﬁﬁohi 3016. Ut pAbFe for the
activatign of. the pr one as t he ipvention, pronoters
are usedﬁ?g}ed%’&ﬂ‘?ﬁf a\"ﬁ@ f?’b%ﬂ'ggcm"b?‘i%ﬁ? S’fabf"ﬁg Jepevding npiglyon "Rgl‘?étr di ngly,

t he tranefganisredFdras tolt; del i @pefeatly froradboun 63 tp Bimpnatad niofd prefgbiedi um f or
i nduct i ol P,;S:ferabl y, the phosphate-limting nediumis the C.R A P nedium
10(see, %.5 ‘Simons et al., J. Imunol. Methods (2002), 263:133-147). A
variefy of otlhm:ndurumje@rromowa;s el i stetkxp@sstanndttogofltite ihikmtiveprdéin const r uct
enpl oyed,_ as .is. he expressed
pol ypept PXPESSigR isg Oglc%jr“e"g%rncto"? ﬁ%ﬁi’“agﬂ? fgrrb §° 'é’?téotngogqlerl‘f?fn%mdt[? &%vered from
t he peri pipesiof e ntvla:moholzitoAqarbrhsterslareotsed for cantrollimp yradsyfiptivalof yhei nvol ves

di sruptip h r 00 ner I su nmeans, as, ospot i ¢ shock,
soni cat i B(gy F?es Ccor{g@réfzen%aen?ﬁrme E%lﬂf)fl@g'redd%f"?’h?fgmt? MEPEhol e cel | s
may be rmnd)umdorbydtcem rHréfengaly; mmpmpﬁatd-hmamgmdnuﬂ%hethprcbmal Meediay be further

purlf ed affin natlvely,
pr ot e? ns(scan n?r anﬁsebigr’%{elamfuﬁ] Whhogsbgp?zﬁhé(gﬁgé'qgﬂa%\qu%glozgto 8 t her ei n.
Cells mayldtJJcersrnaaerydx:eldedc acdintggo diiveatorcoasithct dneplayet tad lisskrowp én matAant bei ng
filtered and nce for fur i.cation of the pr

pr oduced. Thelgg%?ﬁggéoggr}' “g Ik resseé??é%é?’g%eﬁ o PR EH Al ooy 2 Eﬁ Sgﬁre{iﬁd

i denti f i otb andirergvarexhitom the plcnpl‘mn nﬁ;hhMSceﬂ;lschroam palvyaaypitdiyicehgel

el ectrop [ tassa n_one aspect of the
Cnvent i OEnilglrugl’?li%%Bé ﬁé%)r%@uc . ggl alﬁ @ suc CRepTs Oas)()sm?tg:rsgl]\%ckqaoghctaﬁ?ry orﬁg/slsa
f er mbht aPnereelly we ésslptew,anelldelmsmawgele sdblmyfbederinazbd hy tentnifegdtiah oon pr ocedur es

f L I
Fer mant al tang. 6 pRAGHEL) ¥y Blec bRARAP Sl B0 SRy sl 277201 5 about
1, 000 t ochr@oatogaphyi MmamelmaWnStcyn b tngsmrfeénm@ﬂlemplgxrusednagnd at or
i npel | er ﬁolgt%d e?e)r['d%"l’lg ﬁia By Q ?rrﬁ ercluﬁlﬂ'%. §I’Ic%tﬁ§9lﬁﬁll east gmg g (the

preferred carbon/ energy ourc scal e Tef nentatron re general |y
to fer mefiteied and compentratest fopfurtber putificatios oftbe mw@smmcapﬁm@ixm@ y 100

i te§§ i Holyﬁgmtzgd e fﬁ@l&@%'ota}/e’d aﬁ@ﬁleﬁtmd u?iﬂ%dorlﬁrﬁgﬂ%ﬁpo%tmét (LdstSI?J tso about

100 liters fernentati on process ctio Py expression is
t ypi cal | polyasiamidegr! aleeteapherasis @e\ICFEQ ah@%%@éﬂpt@ﬁ@m under sui tabl e

condi tions tqp @néjﬁﬁéc'i gldthgﬁﬂgﬁtf*o){’anﬁb&fy pr%ct%%gongﬁctgé}ﬂﬂrgelc?% (g)l%%?/nat whi ch

stage the cells are in the early stafionary ase var ducers
may be uSetentaiion arogesagVearious hasgesssele ded- Q@éﬂhﬁmtah empbesdes agaviibbkdown in the

art and Q@&%Bﬁ bedcAtmaat: prg@lngsLHEé/sQﬁ: ﬁfgtlérgrha&hag'i ?trlOQ@Heﬁq)? prior to

i nduct i on Cells are usually induced for a ours though | onger
or sBort eapagiyygrreferably abpyid O&ﬁyo H¥,008 digers of capacity. These fermentors use agitator

_ impellers to distribute oxygen and nutrients, especnally glucose (the preferred carbon/energy
source). Small scale fermentation refers generally to fermentation in a fermentor that is no
more than approximately 100 liters in volumetric capacity, and can range from about 1 liter to
about 100 liters.

30 In a fermentation process, induction of protein expression is typically initiated after
the cells have been grown under suitable conditions to a desired density, e.g., an OD550 of
about 180-220, at which stage the cells are in the early stationary phase. A variety of

inducers may be used, according to the vector construct employed, as is known in the art and
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To inprove the production yield and quality of the pol ypeptides of the

i nvention, various fernentation conditions can be nodified. For exanple, to
i nprove twe 2prioperssSassenbly and fol di ng of the secret eg¢Caruseoody3s91

pol ypepti des, additional vectors overexpressing chaperone proteins, such as
Dsb proteins (DsbA, DsbB, DsbC, DsbD, and/or DsbG or FkpA (a

peptidyl prolyl cis,trans-isonerase with chaperone activity) can be used to
co-transformthe host prokaryotic cells. The chaperone proteins have been
denonst r de¢sedbedabézc iOells mpebe grewp faygleartef pirodnprianaindedtiohi Céltsyareafsually

(T090) 2 e gula- B GRglSBRE Sohher MRS h VR e L P

6, 083, 715; Gebr iyipnevie the preduction yigld aphquatity dfithe p8lypeptide8d;theBovdmiamn and

5. Biol . s oatpllsfhond e cricuidr B pAABR GTRILERS ol 01T (220

39: 199- 2a9emYly and feildinere thyr sseretsH ymlbsdbﬁolmcphfkssédltlhaﬁl @eadrogous pr ot ei ns
(especi ahl/% xé)n?géﬁg ?éro:?er ;ﬁot@ﬁ? s2nSRIDéh h@?el insY (D%ﬁ%s%h‘éﬁ%bcr B?tf]ﬁ 3hioNost

strains I ent roteo ytIC enzymnes can € use the present
i nvent i oRsb@mr Fék&ﬁqowe@tldﬁmgtyl eletransssqrmrm with ghdperonpalitivitccan be efefléct geneti ¢

mut at i On(:? }rar\s'ﬁ)r;nhﬁe }Q)‘gn[?rﬁkaﬁ})glg QEl%g THE Wygellaﬁé:;ggtrelngha\grb%rfa@egﬁ)gstﬁa%ho as

Pr ot ease r ot eas r ot ease t ease V,
Pr ot ease famhtataﬂnd pmmfpwmgu aodnsolumwwéhetersbgwsmrot@m progyced waoeeridhpgi ent

straijps k. eval étqpl(%g@w xﬂaseﬁénb%% '[\%601 @goseé@sqgloﬁ éealnowS %teﬁthcr 20( 1998)

supra; Georgi ou et orgi ou et
Pat ent N6.08 71550@%@2’“ eI—Eir,éJ %tpataht NO K027.8%5; @pthmaugarrde&lu@qlaln@oﬂow 6372

(1996) . pjql, Chelr{‘zWﬁl@ﬁrt??fUS”ﬁﬂBm ol Pﬁx&lthuns%fo%)GSBB?fdh%eﬁs f79p6-Pr Ot €0l yti ¢

enzynes and transformed with plasm ds ovefexpressing one or nore chaperone
pr ot ei ns 1ak1é; deet ahs(2Adl3 M ¥ljcgobial 3t9hlé’9él>l?)r ession system of the invention.

25iii. Anti boﬁymﬁwz& bro@éo heR oﬁsﬁméerddlefaro%g%wpr%rngtésﬁaﬁ;;u%dz@thapﬂg known in

the art can be enp | owm ng procedures are exénplary of suitable
puri flﬁcamwlyplﬁeib@ewté@) certaiichasbyieains dpficimt forptateekiftic iepdymes e4n Yegredexchange

col ums, &HNgRQntfRAIiGH. tp%} EQbhpld, ﬁé/seEéﬁstraiaéﬁﬁﬁgm.ﬁ@@fo%%&%g;;&rehy on
silica or on a cation-exch ange resin such chromat o ocusl ng,

30SDS- PAMEIatighshiA ithergesss epeadingdimewn pactesial ﬁﬁteasaﬁwc@es ProtepserlHt PwATusi ng, for

exanpl e, D%glph@ﬁiquotg%sz5 Protease Mi, FRoteR€ VePRRGEe VAR &hibifdibitRbidsl zed on a
solid phasé is used for immunoaffi ni H/qps)url fication of the full length

ant i body SB‘F‘B&U@?@’S!"%F“? H@ﬁqlfm&tmwf? avpilableng dggeribedgn.forqyample} Jolstal-pr ot ei n
fr omBt apiipkPeRfs dRoBWLRRR., WIS, Pkt 10613, 261,585, Tebigih R, U6 tPAchonS he Fe
region C)f5,508,192, Hara et al., Microbial Drug Resistance, 2:63-72 (1996).
In one embodiment, E. coli strains deficient for proteolytic enzymes and transformed
with plasmids overexpressing one or more chaperone proteins are used as host cells in the
expression system of the invention.
25 iii. Antibody Purification
Standard protein purification methods known in the art can be employed. The
following procedures are exemplary of suitable purification procedures: fractionation on
immunoaffinity or ion-exchange columns, ethanol precipitation, reverse phase HPLC,
chromatography on silica or on a cation-exchange resin spch as DEAE, chromatofocusing,
30 SDS-PAGE, ammonium sulfate precipitation, and gel filtration using, for example, Sephadex
G-75.
In one aspect, Protein A immobilized on a solid phase is used for immunoaffinity

purification of the full length antibody products of the invention. Protein A is a41kD cell

wall protein from Staphylococcus aureas which binds with a high affinity to the Fc region of
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anti bodies. Lindmark et al., (1983) J. Inmmunol. Meth. 62:1-13. The solid
phase to which Protein Ais immbilized is preferably a colum conprising a
gl ass or woDl2otiznse188f ace, nore preferably a controll ed pece/usb@asmszsel unm or
a silicic acid colum. In sonme applications, the colum has been coated
with a reagent, such as glycerol, in an attenpt to prevent nonspecific
5adherence of contam nants. As the first step of purification, the
preparation derived fromthe cell culture as descri bed above is applied
ont 0 t heamibodies. rLindmarkretizl.l (1280 Jslyinmuhop Mette 62:0-131 Mhewdidebaskitewhicmdi ng of t he
ant i body 4 Rt - r Lk, A I LS d to renove
cont ani ot BehRleit g By Safy bolbiE bR RSk Suld il arler, |

ant i body pisferdbhit e¢aayrpllddpotaigless evluma dr 4 sibieit adiécdwhi.dinshms epibigat@insitthecon. b,
Generat i ' i J: r I . : f=0r
comonen?@ugghéess)g @fegylﬁ%ég}%ﬂt%gﬁ gscgr{g(%ﬁ{l’ilﬁngé é‘%n%péfo pcg%véexor nr‘ngltggof t he

f ol | odi nadhegened ¢fisamtamimguience, an origin of replication, one or nore marker

genes, an enNANRE firsPhiG B NuririchrBh QDS Ehara 3R derfvel) HARSAL Lblclke bET M nALi on

sequence. 15N Signal sequence conponent vector for use in a
eukar yot Hescritsdtabers|is anpligd erite the EanieiniAnimanobiligediolid ebpse roalowrspestifirer
pol ypept bginR 8P dntfbodPEEihdiest 6 bﬁ&e{@grﬁ é[‘fnhgﬁid%th?stehsethui L& {aqém&fe the mature

ih
protein or polypeptide of interest. Ti eterol ogous signal sequence
sel ect ed coantipantgnop-specifinaly bonnd t¢ the selidaasez Ethalin the gnidhody sbidte(astie. | cl eaved

by a5 9RRbver&RtdntiAS SdlidPhalethy MRRh. cell. I'n mammalian 20cel | expression,
manmmal i an si gnal sequences as well as viral secretory |eaders, for exanple,

t he herpes sikbysteasraging antibedies using enkariyptighast cells: The DNA for such

precursor regiRNeter ddnfBh&H Z%eﬂerﬁl‘?)alqi:lﬂge, bl End: AmiNCHRA A% diife ant i body.
(i) Oi glén of replication 25CGenerally, an origin of replication conponent

i s not nédlgwing asighelfpeneEnaneX eI Frlisatians ensros moppnarksrgeptsean anhenca\y/40

origin mMapmtMpd Grdmbir, BRd HESHAHN (PRFAHSEhlentONt @i NS the early pronoter.
(iii1) Selection gene conponent Expression and cloning vectors may contain a

sel ed?i on gen@, Sigrd sequerdreameerss) ect abl e 30narker. Typical sel ection genes

encode prot ei Rgedibrabr dsdln FARREHtd I3 RURGRIsh Qorith b RigRilisEieMe PHMET T OXins,
e.g., anpicillin, neonycin, methotrexate, or tetracycline, (b) conplenent

auxot r opRP¥PREAT RAvigdisecifiq e aeersis anbl;tergyinys of the gighrryPrefeindrcal nutrients
not avai balppptifid SMheREP MBX hét®dioBeus signal sequence selected preferably is one that is

recognized and processed (i.e., cleaved by a signal peptidase) by the host cell. In mammalian
20  cell expression, mammalian signal sequences as well as viral secretory leaders, for example,
the herpes simplex gD signal, are available.
The DNA for such precursor region is ligated in reading frame to DNA encoding the
antibody.
(ii) Origin of replication
25 Generally, an origin of replication component is not needed for mammalian
expression vectors. For example, the SV40 origin may typically be used only because it
contains the early promoter.
(iii) Selection gene component
Expression and cloning vectors may contain a selection gene, also termed a selectable
30 marker. Typical selection genes encode proteins that (a) confer resistance to antibiotics or
other toxins, e.g., ampicillin, neomycin, methotrexate, or tetracycline, (b) complement
auxotrophic deficiencies, where relevant, or (c) supply critical nutrients not available from

complex media.
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One exanple of a selection schene utilizes a drug to arrest gromh of a
host cell. Those cells that are successfully transfornmed with a
het er ol ogwo=20parse1spr oduce a protein conferring drug resipsrase@oasstot hus
survive the selection reginen. Exanples of such dom nant sel ection use the
drugs neomyci n, nycophenolic acid and hygronycin. 5Anot her exanpl e of
sui tabl e sel ectable markers for manmalian cells are those that enable the
identification of cells conpetent to take up the anti body nucl eic acid,
such as DI—IFR,Omdm](ﬁmdh@éa kdlestisescheme ntilizes hirog i ancebt growthof & hospradf er abl y
primate pRiallintdd R ' | car boxyl ase,
Bt e For e a QR AR S AR SR AR Fene B o Y Pt
identifi e@fmﬁn&@@ﬂretsmaanmdlthus@tFrV'chehetSﬁla%@flmgilam SEXiamPGS e{duthir e nedi um t hat
cont ai ns yoRLRALEEARE Gsdt | - 1IFR. An
appropriate E‘gst cefl S\/\ﬁ{é i 3&959%54%%%@ Z%rogémﬁhe Chi nese
hanmst ér ovar yAgqMOpxamld of| spitabledefectable mtarkers fb]—tﬁﬂnmeluan\ppltlgfar( thosg. that ATCC
CRL- 9096). .0l thEfab At ) ol h& YA sts that

ng t C t@n o’figg% %rlt%o l(adéalf&t 5”ti%53y }é’lekcdacléiyﬂﬁh H?

contai n endogenous DH or ne co-tr orne
sequencedHdie Minﬁgn%!ﬂnaantmdﬁd@wor\mnl-‘ohnﬂ ylibeordhpippty primateinetaliathdprainot her

sel ect ablg%eg[% gmég& 1?a§e %m.@&g'dx&%&ﬂgse etc.Phosphot ransferase (APH) can be
y ce

sel ect ed gr owt Ium contalning a selection agent for the
sel ectabl e m?%é#am%helwraaﬁomdm}@l the BHFRiselectionigbieourd Grst iderdified Ranamyci n,

neomyg in culglrrmggﬂ- gf thgﬁ&s%nﬁantg) ﬁta%‘tuﬂél%edl%n'ngtﬁg’cgagms %Q&bl‘{éxa{: I‘(mt ? r conponent

Expression and cloning vectors usually contain a promoter that
recogni zeempsjitivhantagenist S LUK ohn 2nmeppriste hps eelbivien Wikkwae PHFRHe antl body

pol ypept keﬁlslo?ébclk me%h%gaanﬂe?ar@atrﬁcﬁ@p&ﬁ nﬁgéef@reﬁt KR {@binpidlear yot es.
Virtually a eukar%/otl c genes have an AT-rich region |ocated approxi mately

25 to 30AJ&85CRLP8IDeam fromthe site where transcription is initiated.
25Anot her sequrOR&ivERURA s | ,ﬁm%@négfma twe%{tmaa JoﬁQm&h@geﬁélﬁrﬂHIQi)

transcription of nany genes 1s a regi on ere
nucl dét i dansfoxmed ﬁ@ogfa“éﬁd“?ﬁfW'ﬂb@NAéMP%ﬁéﬁC@d'géH’é%"‘lb§d>al*i“M{% Bquence

that may ;Reeit,ARd %makené‘c%nquﬂkérlsm R hmidglyBRidé 3Aph&bhotlafsttA® ApHgnd of the
codi ng sequence of hese sequences are Ssul tatg inserted into

eukar yot icgn @éﬁkets%Pw"\gé%wrﬂsme@empmyaw aﬁ@ipmselagqna@rfheéﬁ'@@?‘?lf)t ion from

vect or s in{hHEREIMR i AaniASdly @Sl aniifiot08 k! Rink@dein,/MRbm§ARH GR18.b3eety OOt €r' S
obt ai ned from the genomes of viruses stch as poI yoma virus, fow pox virus,

adenovi r 3R 1983 1 ®denovi rus 2), bovine papilloma virus, avian sarcoma
Vi rusgg cyt onmeggl priiokts cofpdnBis OVi rus, hepatitis-B virus, and Siman Virus

40 (Sv40), from heterol ogous mamualian pronoters, e.g., the actin pronoter
or an i mmnogﬁﬂﬁiﬂsioﬁ and cloning vectors usually contain a promoter that is recognized by the

host organism and is operably linked to the antibody polypeptide nucleic acid. Promoter
sequences are known for eukaryotes. Virtually alleukaryotic genes have an AT-rich region
located approximately 25 to 30 bases upstream from the site where transcription is initiated.

25  Another sequence found 70 to 80 bases upstream from the start of transcription of many
genes is a CNCAAT region where N may be any nucleotide. At the 3’ end of most
eukaryotic genes is an AATAAA sequence that may be the signal for addition of the pbly A
tail to the 3’ end of the coding sequence. All of these sequences are suitably inserted into
eukaryotic expression vectors.

30 ' Antibody polypeptide transcription from vectors in mammalian host cells is
controlled, for example, by promoters obtained from the genomes of viruses such as polyoma
virus, fowlpox virus, adenovirus (such as Adenovirus 2), bovine papilloma virus, avian
sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus, and Simian Virus 40 (5V40),

from heterologous mammalian promoters, e.g., the actin promoter or an immunoglobulin
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pronoter, from heat-shock pronoters, provided such pronoters are conpatible
with the host cell systens. The early and | ate pronoters of the SV40
virus arewoanuasosat |y obtai ned as an SV40 restriction fPcagrseomw/osisat al so
contains the SV40 viral origin of replication. The imedi ate 5early
pronoter of the human cytonmegal ovirus is conveniently obtained as a H ndll|
E restriction fragnent. A systemfor expressing DNA in manmal i an hosts

usi ng the bovine papilloma virus as a vector is disclosed in U S. Patent

No. 4, 418rodv€r, frtarmimi-$hioclapriomotecst prohided sigls pemotess ate sonpakibld with thé Hest Pat ent

No. 4,601, |97§ %Alter natively, the Rous Sarcoma Virus |long term nal repeat
can be use he pronoter. 10(v). Enhancer el enent conponent

Transcripti onTmfealﬂX\mddatcpdimvgers tfaha$iV4(bodly apabyyzeiphtldebtofedtasias SVavent i on by
hi gher e%%f?lc@f?asgn{eﬁt tR;ttaEQ cbrﬂg’l set%§§946)¥|ra{l RS tokmﬁllc%ﬂoenﬂaer}r%er dgauence | nto
t he vector ny “enhancer sequenceés are no SUPR rom el T an genes

(gl obb n, calygstrage, ofdietiumamcytarh%admrrm isiconvemipmtlyi absaied @y a Hingdjil Eal ly, however,

onevvlll C r ir Iesmclude
ohe Svao" SHESIERIANOE (s ApFUNAL BRI R piginlatiar Roskbide aioBPRE 3 1L L0°
the cyt opapglidnowinuees @eectoy isplisistdein Ush PakoteNg. 4t4he,4ﬁﬁnlfyowalf‘eathmmfens on the

late sid s%tn |tsg _?lrl%?l ﬁg’ast( Tgtg %d g'681’ ?é‘%%ﬂa%ﬂf’ %P@%&%% %llrusee al so

Yani v, ture on’ eri ancing e fvation of
eukaryot lomgpﬂrmmtlepe@tcaﬂbeueﬂdhaﬁw@rommey be spli cedl nto the vector at a

posi thon 5 o ,pol ypepti de-encodi ng sequence, but is
20prg erably (ﬁj)ogg?%i eJa%?&éggéd"%gg% fromthe pronoter. (vi) Transcription

termnation cbapengiion of DNA engsdingths pmsibodiepdlyprestidesdthis mvevicaby bighe host
|1 : t t
of tr ansgrehb Sk niaRaB BB, B AECE SRR vl B L re commont

of transcri sequences are commonly
avai | abl enhan@nsaghencés aramaly kmymafgirmmaﬂnhtyha?f gentsr(giohmsetlmtzed atbmgiigs of

eukar yot #'e(t:o %;:}9[1 aYlg %Llugl\l%g?l?alld ovTev%r (C)Pef Wil use | calEnc St (;[rr?‘!ag k@@/ﬁl e;'[:llI de

segnents t ansc’rl ragrrents int g &
portildn wirust ifsamﬂmnelnwdc ﬁg4‘amhamer oty latemd;a qfﬂefrwhcamcmnsxgm (bp @R

term nat ?ﬂ?ﬂgg%ﬁrﬁ&?h Vll‘l?S ean 19)91%'&'? gnlgfu%r t po(? ro%%neg)h%) CCrI* anﬁ n%lfatdeo? r egl on.

See W94 e exp r BSIon Vet erein Vi) Selection
and tr angfaephaatiooorigin, mgtderweirﬂxssentiﬂ@mt &@I adsormtv Natutes297 d7- 1<8I(098i2hg or

expr 6$SI glgﬁ hlafr‘cn rﬁ tst Fac\(l@gﬁog §E)Jl}§{y§{ ﬂ%ljoﬁlngle%d%hp %ﬂﬁger 45 B %{ﬁltcgd cells

descri be erel I nc I ng vert cel | ropagat i
vert ebr ainto teMatoriana wittou véor ¥’ ite thg entihely pelgdephideserisednmeqaenca b ine

roc ur n host cell |ines are nonkey ki dne
p P refe@f) La‘?esd agfa BH@? \%ng t?‘%‘te@ y y

tra or e ATCC CRL 1651); human enbryonic
Ki dney I|ne (QQSTerscmmli@t@Gb@#meﬂ for gromh in suspension culture,

Graham et al . Expgesilg#(()ﬁgto\[é ﬁs% n e%ﬁar?&xc(h%g%zplgmlllq é’ab&é%ﬁ%%ﬁ's%ﬁ ells

(BHK, ATCC CCL I nese hanstéer ovar etal .,
Proc. Nan¢cessagyder. thestermingion O‘f'?ramizlllﬂlo(*@%@)))tablllmmﬁle ¥ A. oSlllchGG-’IUIegceé ™G,

Mat her, @eQBmm@ﬁl@ a08l1abR Froffiie 5° and, occasionally 3°, untranslated regions of eukaryotic

25  orviral DNAs or cDNAs. These regions contain nucleotide segments transcribed as
polyadenylated fragments in the untranslated portion of the mRNA encoding an antibody.
One useful transcription termination component is the bovine growth hormone
polyadenylation region. See W094/11026 and the expression vector disclosed therein.

(vii) Selection and transformation ofhost cells

30 Suitable host cells for cloning or expressing the DNA in the vectors herein include
higher eukaryote cells described herein, including vertebrate host cells. Propagation of
vertebrate cells in culture (tissue culture) has become a routine procedure. Examples of useful

mammalian host cell lines are monkey kidney CV1 line transformed by SV40 (COS-7,
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5251 (1980) ); nonkey kidney cells (CV I ATCC CCL 70); African green nonkey
ki dney cells (VERO 76, ATCC CRL-1587); human cervical carcinoma cells

(HELA, AN™MG20GlLosR)ss cani ne ki dney cells (MDCK, ATCC CCLr8#)us2tufdfzEbo rat
liver cells (BRL 3A, ATCC CRL 1442); human lung cells (W 38, ATCC CCL 75);
human liver cells (Hep &2, FIB 8065); nmouse manmary tunor (MMl 060562, ATCC
CCL51); TRI cells (Mather et al., Annals 10N. Y. Acad. Sci. 383:44-68
(1982)); MRC 5 cells; FS4 cells; and a human hepatoma line (Hep ).

Host cel AFC&r@R1t &g homaeeminyomic kideeyd o (293che 323 édﬂeshbebopecbt‘s’sgmmmin cl oni ng

vectors @&éen%k cSHRx‘i’é’g{%h‘%ﬂ. ecfta! qnGquflr%P%k 4h ?I%I]Z)S', bgagn}\/aen?s er?(%?ry celﬁ% rient media

nodi fi ed appropri I’nduci'ng prono ansformants, or
anpl i fyi (BHK, h@T@éﬁI&L 1@h ¢ thihemghantseer d'ees}' c@W—QHEEQ@HGc@Saub(eVau iPyocQbdd.uri ng t he

host cel IA%ad SCI US/Ihﬁ 49965{}950:1 Jrﬁodé??e@t[ %el? (9 C)@laﬁxn %I?(;[II epr d ?.{2 hi s

i nvention ul tur nmer ci a avallable
medi assuéhl @QS(BiaanhcmkFY kidngySietine)V, 1 AT (Eﬁl REIL E$sﬁdntanegreenvmmmm l(ler‘dEIV;cle (Sigm),

RPM -164%1?@9/@%(; &h%':;?gﬁ&rﬂ% g@gﬁ} ras‘or{?ag&hs Q"A%d‘&bﬁ P'VE Si gma)

are suit e for c turln |dn the rredla
descr i bedaning kidngy eQIISéMDCKV@tTlﬂC €6k 34)5Buffido (aﬂ_@vk@yqllsBaRhéss etf CQICRL Anal .

4. 560, 65530 BERHS (s L o587y BB iy e TG oy 0 207
30, 985 WU?@Mya@mWMT@GQﬁéﬁiP&GCo@CLﬂé; Tiﬁ@tells:(ézlldtlsereMyAmaISt hESﬁ medi a
oot af s {Oh AR o I8 - B EOR T MR SR TP LIRS o M PherRbREInOIRE " 1 1

(such asGEbdi um chl oride, cal cium nagnesi um and phosphate), buffers (such

as HEPES), nugle Qe,tlfs qegragﬁmd%ﬁthqg@%%% gc%? : ne &ng]oqlop gl)mmg%c'tcpé R ics (such

as CENTAMYCI NTm drug), trace elenents as 1 norgani ¢t conpounds
usual |y petibognproductipp argd culiwied éndoneantionad nultnerttmdmr@qdd‘rpdlaappnr@mg@)for and

0l ucose qiaulfls BIMGIA! SRIELENANNS BamARRY ELHRS ABARATAIASRPD! ement s

may al so be 1 hcluded at appropriate concentrati e known to
t hoséSskpdduenges.n the art. The culture conditions, such as tenperature, pH,
and the |ike, vglp%,},,l;)ggée,hgrhgy -ously used with the host cell selected for
expression, and apparent to the ordinarily skilled artisan. (iXx)
Purification Bfe l@ﬁftCﬁlbwyd to produce ypantibedyi af ghis mrention manbe edwradiimaes, the

ant i body y&an, mnegfao@b%rélﬁif Aafitldthadid Sich QJ HQhE‘%‘F@ [NegmBCHGliRM i nto the
medium | f t'he anti bod produced intracel lul arl éﬁeas a first step, the

par ti cul &ssentipdpedipm @M NBr(SI*&B'Sat) REM - 648 (Sipmake anck Pulberenis Yodified Eaglgisved, f or
exanpbe, MMiu g?{(‘bMEMg@:tghQﬁarQEUlHthe '}’&fchitﬁrfr%ttﬁeq{@)st MIETR alifiBor2 Bty &Qﬁié/ i's

secreted int he mediu

media described in Ham et al.,, Meth. Enz. 58:44 (1979), Barnes et al., Anal.
Biochem.102:255 (1980), U.S. Pat. Nos. 4,767,704; 4,657,866; 4,927,762; 4,560,655, or
5,122,469; WO 90/03430; WO 87/00195; or U.S. Patent Re. 30,985 may be used as culture
media for the host cells. Any.ofthese media may be supplemented as necessary with

25  hormones and/or other growth factors (such as insulin, transferrin, or epidermal growth
factor), salts (such as sodium chloride, calcium, magnesium, and phosphate), buffers (such as
HEPES), nucleotides (such as adenosine and thymidine), antibiotics (such as
GENTAMYCIN™ drug), trace elements (defined as inorganic compounds usually present at
final concentrations in the micromolar range), and glucose or an equivalent energy source.

30  Any other necessary supplements may also be included at appropriate concentrations that
would be known to those skilled in the art. The culture conditions, such as temperature, pH,
and the like, are those previously used with the host cell selected for expression, and will be
apparent to the ordinarily skilled artisan.

(ix) Pur.iﬁcation of antibody
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5supernatants from such expression systens are generally first concentrated
using a conmmercially avail able protein concentration filter, for exanple,
an Am corwonoiMdsbispore Pellicon ultrafiltration unit. Appratseasmsisahi bit or
such as PMSF may be included in any of the foregoing steps to inhibit
proteolysis and antibiotics may be included to prevent the growth of
adventitious contam nants. 10The anti body conposition prepared fromthe
cells can be purified using, for exanple, hydroxylapatite chronatography,
gel el ect r ophWhesising rdriomb}fslhsteclmmdesafhhianﬁihoyly chrlpmaddugedaipingcellvartyhoaf f i ni ty
chromato e itability
of prot e?ﬁ&ﬁ? g?pegéﬁﬂgtfott QJ,.Q]EI gg'ﬁeg‘ gg{)dg d@g%dﬁg@wgrgés:ehg%ﬂgssgn ?Sé%t ype of
any i mutegkibubte delFis, dtblmahorst qeHsior lysed ragments, aienemmdafnt ¢>iamdy: byProtein A can
chai n. (E gl oPRRANRS Wi LA LR RSB Aol i, V2 oeih G 15
r econfrenepdrnpignts &loin stohuss@rassion syplews angedasllyHustaonogBtrftédasinget al ., EMBO J.

5: 156715 [ (RN attached is
most  of ¢ S agZi) draigtEp SR dokcdfoltll il ciexBhin Mo b BMIS) | 75t 201 ¢
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Immunoconjugates
The invention also pfovides immunoconjugates (interchangeably termed “antibody-

drug conjugates” or “ADC”), comprising any of the anti-hepsin antibodies described herein
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Bi ot echngyte@yic and cytostatic effects by mechanisms including tubulin binding, DNA binding, or
25  topoisomerase inhibition. Some cytotoxic drugs tend to be inactive or less active when
conjugated to large antibodies or protein receptor ligands.

ZEVALIN® (ibritumomab tiuxetan, Biogen/Idec) is an antibody-radioisotope
conjugate composed of a murine IgG1 kappa monoclonal antibody directed against the CD20
antigen found on the surface of normal and malignant B lymphocytes and '''In or *°Y

30  radioisotope bound by a thiourea linker-chelator (Wiseman et al., (2000) Eur. Jour. Nucl.
Med. 27(7):766-77;, Wiseman et al., (2.002) Blood 99(12):4336-42; Witzig et al., (2002) J.
Clin. Oncol. 20(10):2453-63; Witzig et al., (2002) J. Clin. Oncol. 20(15):3262-69). Although
ZEVALIN has activity against B-cell non-Hodgkin’s Lymphoma (NHL), administration
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east Af r inclde diphthpriavh ghaimmenbjedingactivy tngMenpaf diphthpida togingo@toxinis .

Subsegue @Muy (fro'rrI: P%n@nﬁsc&yﬁéﬁé;a)t hah A%Eﬂxaéﬂ?mrﬂ &{agxb ﬁl%F&lcl%oA B{aﬂld uce

mayt ansi noi ds, such mayt ansi nol and G- 3 maytansinol esters (U. S. Patent
No. 4, 153lphassarcin, yg@yvﬂsvf V Pratys; éqqsthmcnrotanrd Pleiplagaerneregnaprdteimal ogues
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officinalis inhibitor, gelomn mntogellm restrictocin, phenomycm enomycin, and the
tricothecenes. See, €.g., WO 93/21232 published October 28, 1993. A variety of

25 radionuclides are available for the production of radioconjugated antibodies. Examples .
include 2'2Bi, "*'1, "*'In, *°Y, and '*Re. Conjugates of the antibody and cytotoxic agent are
made using a variety of bifunctional protein-coupling agents such as N-succinimidyl-3-(2-
pyridyldithiol) propionate (SPDP), iminothiolane (IT), bifunctional derivatives of imidoesters
(such as dimethyl adipimidate HCI), active esters (such as disuccinimidyl suberate),

30  aldehydes (such as glutaraldehyde), bis-azido compounds (such as bis (p-azidobenzoyl)
hexanediamine), bis-diazonium derivatives (such as bis-(p-diazoniumbenzoyl)-
ethylenediamine), diisocyanates (such as toluene 2,6-diisocyanate), and bis-active fluorine

compounds (such as 1,5-difluoro-2,4-dinitrobenzene). For example, a ricin immunotoxin can
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4,308, 268; 4, 308, 269; 4, 309, 428; 4,313, 946; 4, 315,929; 4,317, 821;

4,322, 348; 4,331,598; 4,361, 650; 4,364,866; 4,424,219; 4,450, 254;

4,362, 663voand/0501381, 533. Maytansi noid drug noi eti es aPeTAlSR0@O5359E dr ug
noieties in antibody drug conjugates 20because they are: (i) relatively
accessible to prepare by fernmentation or chem cal nodification,
derivatization of fernentation products, (ii) anenable to derivatization

wi th functional groups suitable for conjugation through the non-disulfide

| i nker s bopreprrédrsdessbed iniMitettsttab) Seidnee, P& A9 (1881). Canbpn-effabeled Ve agai nst a

vari ety | L4 .N&S::: nocaonj tes. cont ajni yt ansi noi ds,
nmet hods %Fthk%ggl?‘%tﬁgés%é#e% hﬁﬁgld{ehhn’iigrﬂe ggﬁrﬂ%ﬁ%‘gaeaﬁ?s[}ccac@s(gbgpgg é??sc?f'osed, for
exanpl e, exemplirScheRéing agenNosconfig208, di28lionb¢lddtble @brhe amibolyir $gpean Patent EP O
425 235 W09491h62<?i scl osures of which are hereby expressly incorpofated by
reference. Liu et al., Proc. Natl. Acad. Sci. USA 93:8618-8623 (1996)
descrbbed i nmtempuzetej ofpatansbalyapd orsi angnose smajltraeisduieabxingeshgmnat ed DML | i nked

to the MoRRLANGN, B8R (daftl  BRLEHIRNSh-CHIAN CCIRSEHLR, Cancer.
j ugat e was oun 0 be hi'ghly cytotoxic towards cultured col on
cancer céé¢rivativeantithsdedovans thatthaveunxin activity, are also contemplated herein.
‘ i. Maytansine and maytansinoids
In some embodiments, the immunoconjugate comprises an antibody (full length or
10  fragments) of the invention conjugated to one or more maytansinoid molecules.
Maytansinoids are mitototic inhibitors which act by inhibiting tubulin polymerization.
Maytansine was first isolated from the east African shrub Mayrenus serrata (U.S. Patent No.
3,896,111). Subsequently, it was discovered that certain microbes also produce
maytansinoids, such as maytansinol and C-3 maytansinol esters (U.S. Patent No. 4,151,042).
15 Synthetic maytansinol and derivatives and analogues thereof are disclosed, for example, in
U.S. 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; 4,317,821; 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.
Maytansinoid drug moieties are attractive drug moieties in antibody drug conjugates
20  because they are: (i) relatively accessible to prepare by fermentation or chemical
modification, derivatization of fermentation products, (ii) amenable to derivatization with
functional groups suitable for conjugation through the non-disulfide linkers to antibodies, (iii)
stable in plasma, and (iv) effective against a variety of tumor cell lines.
Immunoconjugates containing maytansinoids, methods of making same, and their
25  therapeutic use are disclosed, for example, in U.S. Patent Nos. 5,208,020, 5,416,064 and
European Patent EP 0 425 235 B, the disclosures of which are hereby expressly
incorporated by reference. Liu et al., Proc. Natl. Acad. Sci. USA 93:8618-8623 (1996)
described immunoconjugates comprising a maytansinoid designated DM1 linked to the
monoclonal antibody C242 directed against human colorectal cancer. The conjugate was
30 found to be highly cytotoxic towards cultured colon cancer cells, and showed antitumor
activity in an in vivo tumor growth assay. Chari et al., Cancer Research 52:127-131 (1992)
describe immunoconjugates in which a maytansinoid was conjugated via a disulfide linker to
the murine antibody A7 binding to an antigen on human colon cancer cell lines, or to another

murine monoclonal antibody TA.1 that binds the HER-2/neu oncogene. The cytotoxicity of
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activity in an in vivo tunor growth assay. Chari et al., Cancer Research
52:127-131 (1992) describe i nmunoconjugates in which a nmaytansinoid was
conj ugat estona/mo8sul fi de |inker to the nmurine anti bodpCAUSRINMEITgIt O an
antigen on human col on cancer cell lines, or to another rmurine nonocl onal
anti body TA. 1 that binds the HER-2/neu oncogene. The cytotoxicity of the
TA. 1- mayt ansi noi d conjugate was tested in vitro on the human breast cancer
cell line SKBR-3, which expresses 3 x 105 HER-2 surface antigens per cell.
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Ant i body- I conj are prepar.ed ing an
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cyt ot oxi gi t tene atl e f e function or
sol ubi |i fa d%éﬂggﬁa#&ﬁ; fotg W?%myhseg\/ o\éeﬁ%%?felcuﬁdsr@ {}}gl n/ anti body
woul d be disxdpwies dovtich lehﬁeh)'mepwyil)ommmtbq'bx)m&rertch)e Arswenge ofzdéd anti body.
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t echni ques” or 1solate na ur urces tansi nor'ds 15are
di scl osedytotonicitexdzamgtteclly withgusiegmatebraffeMimg i 208100 20sdvidlity nf thhe ot her

patents gpg, HPQR%EHEW%% in%f’e%&l@ to&:ﬁfaﬁﬁt{oﬁg wolldbE k&lelRB Y& a.f’ cLeferred

mayt ansi noi ds”ar e ytansi no mayt ansi anal ogues no red in the
ar omat i ccytptagicidy over thetupreef nalkssi anfiends. Maytahﬁenmmgwsli h@lwnrmﬂe@maed canuch as
vari ous g the art
e B R i L M LR

t hosdsdi Q@Id@sbdeds fvr @xaslpl@at'éﬁt PaNtntNe 208,@06ndin tmvotpqtpemts@nddf% 235 B!,

Chari et 1
Applicati onpa tem%%lﬁggﬁer%%gé&g Wé%(f]a EJve- %éﬁér%(g)%ﬁa% anﬂﬁ@c(i#; os%ﬁsg{y %r%‘d whi ch

are her ewyemr%s@llggu?mmlﬁ@#laﬁl@cﬁrwtlrcemepeﬁ@éler pesitionpefthermgytansgiohoi d

conj ugat g5 £ERRLESIGribindytakifd csPoOnent SMCC may be prepared as
disclosed in U'S. Patent Application No. 10/960,602, 25filed Oct. 8, 2004.

The 1inki ng gFlsipare maey liskingograups kpepn irtlen asisfor mhlilbeemepdmmeﬂwmoabl d labile

gr oupg. Q Gé%le@hhél@dnggr @&Q%mﬁ@ﬁﬁds@'@éaoée@m ﬂ)% Bl R@: 5,968, @%‘?E?%@teh@b' le
gr oups, I scl osed Tn the above-identifi patents, disulfide and
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nmade using a variety o functional protein coupllng agents such as
N- succi ninePapgreted b(vzefﬁfymedwnabqqyrrbamﬂﬁ'aﬁﬂGﬁ'av@tissprmsmg the finker
succi ni Mgy rém(sM@@he Bt FRPFENN discr¥&d iR e PaRnd A FACRRY WA §940d2C) |

i m not hi al ane %r%‘g’f‘ unctl onal derjvatives of imdoesters (such as
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al dehyde%ro@ﬁé-‘@ﬁbt@lﬁb@'éﬂ&%‘é aaegedayedﬁaue P ip8 o dRera RN RERpE 4 ERcIaRI I S
(p-azi dobenzoyl) hexanedi am ne), bis-diazoni um derivatives
he above 1dent|ﬁed patents, disulfide and thioether groups being preferred. Additional
linking groups are described and exemplified herein.
Conjugates of the antibody and maytansinoid may be made using a variety of
30  bifunctional protein coupling agents such as N-succinimidyl-3-(2-pyridyldithio) propionate
(SPDP), succinimidyl-4-(N-maleimidomethyl) cyclohexane-1-carboxylate (SMCC),
iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethyl adipimidate

HCI), active esters (such as disuccinimidyl suberate), aldehydes (such as glutaraldehyde), bis-

azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium. derivatives
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(such as bis-(p-diazoni unbenzoyl)-et hyl enedi am ne), diisocyanates (such as
tol uene 2,6- diisocyanate), and bis-active fluorine conpounds (such as

1, 5-di f| wwoaer/osedsni t r obenzene). Particul arly preferreagcrtaspdiongsagent s

i ncl ude N-succinimdyl-3-(2-pyridyldithio) propionate (SPDP) (Carlsson et

al ., Biochem J. 173:723-737 (1978)) and N succini m dyl-4-(2-

S5pyri dyl t hi o) pentanoate (SPP) to provide for a disulfide |inkage. The
| i nker may be attached to the maytansi noid nol ecul e at various positions,
dependi n@pudrestbive(ptdjgzeniomberizeyl)-pthklencAamins).alipdoganates (wsh avtolieneka@ie may be
formed b © S] VE9Li coupl i ng
t echni u)eﬁésrog)%ﬁsd3 r gehém % %ﬁﬂgﬁ)@@%’éﬁ:&]p%{n%’ﬁ%&é g%pécgrg‘i[i1 r??)’n a\%o?]eélzenginydr oxyl
group, tﬁe’u@lalrw pefsired qonplmd!géntemcwetTﬁrshgcdjtimidyhiaﬂaymdyldﬁﬁlon prepiGadtS position
nodi fi ed roxyhs: . 1AMt i h a hydr oxyl
group. Sélpd"g @?g%/oﬁgg&ﬁé:%ﬁ%é?%h%ﬁ}?ﬁeﬁ? gﬁg&%@ Sbéc(?mmaga 43 re?’he C-3 position
of maft anmdybhlompntwmysamb polvidafalacipulfide Aokagst at i ns and dol astatins In
sone enbodi mep [ f the

i nvention 15conj PSE%P%& b{é‘éH%‘RFé;{gtgl%@E sangfrm@ r+°3§ct%§taﬁpﬁﬁgm F‘ggl}égganal ogs and
deri vat i ¢asndingien theityips vhthe hsk. (R9r Sxanipdg, elrntstmgkagﬁ n@85§ meahﬂreﬁqtmo 588).

Dol ast at | PhE p.crotubul e

dynami cswﬂgﬁgpﬁ %”5 o%éﬂ&b@?onb@ﬁﬁg?ea‘%’bhg%% {l ul are '%l%%‘?@ﬁ%%%%yke et al

(2001) AmelCrﬁ msajbm hAgem bydaory | Sleaprshdfen 4 pqﬁtéqnzy\ommnaﬁfydyoxamdhwave

ant| n : £ 1y ettit et
q?l O%R!ﬂ%ﬁb??mgm tagn? &%dﬁgﬁ)uf %glq R bgg%%ﬂ}f&gg'&é X#%%O)éjgl astatin

or auri sg@wp nindrnueferasi eatbpdimept, e lmkageshfédnqd@t thed -3 nesitirodf maktensingh t he N

(am no) tel M AMRindl ankREu (carboxyl) term nus of the peptidic drug noiety

(WO 02/0881/2). Exenp ry auristatin enbodi nents include the N-term nus
l'i nked mononet: Hytistatiassinddplastdiingg noi eti es DE and DF, disclosed in

"Mononet hyl val.i i U S. Ser.
o 107 955, 3400 PR % iRt Blc e sl o AR sl y

i ncorpor aqrwats? ta dflastaipeer dolpsiatia pepiidic apalges awg gerivativey, thppistaties BbSed drug

i eti es pgaft NS S638P85 Gk DY30, BRI HllastutiRE R ARstRAR RN RRWHMY OF nore
anmi no aci ds _and/or peptide fragments. Such peptide bonds can be prepared,

for exanpitafereavighhmisraigpuledynpraich,iGGRR fwdmlvé%ar@ywﬁln@WQ ceflandiyisiagiee E.
Schr 6der (@Bgke3P4-(2441) hkﬁmlcro—r)hﬁggn?s(gnh %t'?mothé’rohﬂr(r@ 3%80 @ﬁM) Zlﬁﬂ;lasg 1965,

Academ c Press) that is well known in the a@gc(dPe chem stry. The

auri st at pHjcarrBdt dthandieg, q?éilé?)laé@ aﬁﬁy“g@bacm@p@?@ﬂet ¥Wng to the

met hQﬂS antlero‘é Agé}ﬁse@ﬁenm%r 42,206R243% ﬁMoﬁstzgpmSa&astatPr?&rhé oty al ., (1989)
J. Chem Soc. 111:5463-5465; Pettit et al (19 Ant 1 - Cancer Drug

DeS| gn 131y hgataphed tp&metam'bodaﬂmoughéhe%Kamm@yﬁmlosthe boxyhdermpmis and

Pettit ebr@lbpe tlﬁ&%ﬂ@m&newmy@mn Perkin Tr ans. 1 5:859-863. See al so
Dor oni na (208§ Bi of.echnol . 21(7):778-784; "Nononethyl valine Conpounds

Capabl e of c&?ﬁeu@ / istatin empediments ingladedhie N-trginusdinkeh 340, filed Nov. 5,
2004, henrRhymétRparRAHREARE niYete€DERLANDE, dn&ldsE&me‘MdnbﬁEt}inCQhﬁC| osing, e.g.

A nke2gs %291 gﬁl%?ggsabl%fof%gr?uaartlloggo Irjloz?n%gEt hglls\éraNonIeONCS%rgaguﬁlgd NgyCh as MVAE
and p p jug g
2004, the disclosure of which is expressly incorporated by reference in its entirety.
Typically, peptide-based drug moieties can be prepared by forming a peptide bond
between two or more amino acids and/or peptide fragments. Such peptide bonds can be
prepared, for example, according to the liquid phase synthesis method (see E. Schréder and
30 K. Liibke, “The Peptides,” volume 1, pp. 76-136, 1965, Academic Press) that is well known
in the field of peptide chemistry. The auristatin/dolastatin drug moieties may be prepared
according to the methods of: U.S. Patent Nos. 5,635,483 and 5,780,588; Pettit et al., (1989) J.
Am. Chem. Soc. 111:5463-5465; Pettit et al., (1998) Anti-Cancer Drug Design 13:243-277,

Pettit, G.R,, et al., Synthesis, 1996, 719-725; and Pettit et al., (1996) J. Chem. Soc. Perkin
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S5MVAF conjugated to |inkers). Calicheamcin I n ot her enbodi ments, the
i munoconj ugate conprises an anti body of the invention conjugated to one or
nore cal iwbeani/sdrssnol ecul es. The calicheam cin fam |y etCTamsteliossspcs are
capabl e of produci ng doubl e-stranded DNA breaks at sub-pi conol ar
concentrations. For 10the preparation of conjugates of the calicheamcin
famly, see U S. Patent Nos. 5,712,374, 5,714,586, 5,739,116, 5, 767, 285,
5,770,701, 5,770,710, 5,773,001, and 5,877,296 (all to Anerican Cyanam d
Conpany) Trags.rlfci59r&B. Sercdlvgddaening (2003) Noh &agteabinel. (7)1 8+78¢; be used i ncl ude,

but i L] . Neacetyl < il o P d i (Hi
e'tj a?.r? @%r&(ﬁ e\gaggégﬂmé%lngssg%a]aglg?gé?%b%?ﬁ%% é‘ld%ét bgls.e ?ﬁ&ﬁger Rles<(aalr(r:]hrmn
58: 2925- 20/283,340008Y Nanch, 26, hetlynenmrtédnedfetyn: inpaeetrety (disclosieg i can
Cyanam d%%.g\, ARQESYRG nfiHolis B@%gﬁ%}ﬁg%%@k&a*ﬂﬁe Mdogﬁg&%ﬁﬁ g@@z\%"%“gat ed Is

QFA which™r's an antifol at eam cl n an intracel | ul ar
si t es5of MMAF eenjegattddolinksts)r eadi |y cross the plasma nenbrane. Therefore,
cel lul ar uptake~of.rthsss agents through antibody nediated internalization
greatly enhances tﬁel r cytotoxic effects. 20iv. Qther cytotoxic agents

Q her ant i t univothegembadiménss, theammyeoconnpalgesnerdis¢saintahébadp of the dhivestionf t he

i nventi op,; : j Cl i LS N6 o | racil, the
o 1y of b SR or S SRpAGS) Eb Pt TE AR A By or HALAEES)

Pat ent Naw cagbBaE pducingdpublemmanded DNAnkrealis lat subpicogodar apriceitrasiofs F8r  Pat ent

No. 5087?he§>9e®iratigr5§%i§{jgg%tis%!tﬂeyc ﬁ&h&rﬂi@in%ﬁ%&eﬁﬁ‘ﬁ. bAAPREL S 15 hey eof  whi ch

can be used i'nclude d eria /‘i chai n, nonBi nding active fragneénts of
di pht her Pd14.086, A, 73Dk 6% 6X P12, A9, 70 1¢ §.7 Uh 10s UMD nams! &17286 (adlda) | ricin A

chain, ahhichc EARAMId ARBEHST BrdluiidhNogb BRATSR LA wétﬁm%' bégefordii

proteins, dianthin proteins, Phytolaca amgricana proteins (PAPI, PAPII, and
PAP- S), shde.dutae aefdimiied taa vi rohr # ,Nbacetybor-dISAG anddtii (Hinmpashaln Seancgr

of fi ci nakRkgalchBs 833605342 31288), 2Bid et altaRES Relcdrch rsﬁ.%bﬁ-%z%ftidbsémﬁkg”}’d n,
enonycin and the tricothecenes. See, for exanple, WD 93/21232 published

Oct oBér 2@premegtoned U.S. paterty o fmercan Cypnapddyt iAgatheriantifamorcdspg daghat es an

| MMUNOCORyi#3aY EanltRTcHR bl RRLVOER vHchANE BREDIar@NBotR ARNBAHEH aid HPARYG eol ytic
activi ty‘(e.? a ribonucl ease or a DNA endonucl ease such as a

deoxyr i bévaedliaas stes pRagsian and do not reagilyicrass fheplasmpa meabrangic Theseforst t he t unor

the anti baglyar UPMkLAMREE SRnR tm&%lamamgi nR@fatel ViRerRbI QR on ¥ty leRil el
radi oactive isotopes are available for the production of radi oconjugated

ant i bodi 8% cERIRN{sIEdECtP-ncl ude At 211, 1131, 1125, y90, Rel86, Rel88, sm 53,

Bi 2120 p32, pR2bMedfbisddigeasti ve isotopes of Lu. \Wen the conjugate is
used for detection, it may nprise a radioactive atomfor scintigraphic

. Cco L /€ & .
studi es, for @REMMIBMOEagrRisdhat sambs copipgatedtpithe antibpdiespbthe irpentisy magneti ¢

I s0Nanc ghe(BENUTB@H phitoica, $iflcrictRYMhd3SIUBRARRAN e FRRBNARESY B NG, NTi ),
such as iodine-12 i odine-131, indium 111, fluorine-19, carbon-13,

, 3 _again, 131
nitr ogen-"‘i'!??"‘t?k)y'g‘g@%ﬁ? cgmalsx Asseribed imH Sy RaedosrS.953a94 and 5,770,710, as

well as esperamicins (U.S. Patent No. 5,877,296).

25 Enzymatically active toxins and fragments thereof which can be used include
diphtheria A chain, nonbinding active fragments of diphtheria toxin, exotoxin A chain (from
Pseudomonas aeruginosa), ricin A éhain, abrin A chain, modeccin A chain, alpha-sarcin,
Aleurites fordii proteins, dianthin proteins, Phytolaca americana proteins (PAPI, PAPII, and
PAP-S), momordica charantia inhibitor, curcin, crotin, sapaonaria officinalis inhibitor,

30  gelonin, mitogellin, restrictocin, phenomycin, enomycin and the tricothecenes. See, for
example, WO 93/21232 published October 28, 1993.

The present invention further contemplates an immunoconjugate formed between an
antibody and a compound with nucleolytic activity (e.g., a ribonuclease or a DNA

endonuclease such as a deoxyribonuclease; DNase).
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The radi o- or other |abels may be incorporated in the conjugate in known
ways. For 10exanple, the peptide nay be biosynthesized or may be

synt hesi zw0 2oy /sbsai cal ami no acid synthesi s using suit @blrarsasmoosssaci d
precursors involving, for exanple, fluorine-19 in place of hydrogen. Labels
such as tC99m or 1123, Rel86, Rel88 and In" can be attached via a cysteine
residue in the peptide. Yttrium90 can be attached via a |ysine residue.
The | ODOGEN net hod (Fraker et al (1978) Bi ochem Biophys. Res. Commun. 80:
49-57 can be Rl ededive dSirngonpbthatiendrobic areibd@Bmay’ ddmypoisé ohighly Asticabdi es i n

| mmunoscinti gr aphy” . y Pr 9),.d ri.be . : ods in
ot ai |- abh S0 Gl och AL sl it EpTape RnnHERRHLQRT hOERIR VS e
usi ng a watibbdiey Examples incbide Al I'Brib? o A RebliRel RpralfeRt'S, g‘ﬁlcﬂbz‘éwd

N-succi nim dyd- 3- ( 2- i d i thio). [ . , :
Succi i AR Rt dufsa ) R BER RO dmar et g |
(ZjQi i Eolt ridolactive aforiTfor sdiiticmpbicisurih, forxampl it/ Eord'f’; bné hirelsbe for n(uslaarhbas

I et ; ] : ; uber at ,
R e C T S T
(p- azi dobeindiog! 33 feaivdited i riediymbil -fibsaeeH), carbatet3, wittogere 55, psygsh-14s

bi s- (p-di 1 - yl enedi am ne), diisocyanates (such as toluene
2,6- dii é%’f?ﬁ@ﬁ@t e lji1é’é1581érqstL‘i)()[)| (gs'{?acti ve fluorine conmpounds (such as
1, 5- di f | uor o-Phedadipviriothgbleheddeme) be in&fFparated mrtid @njugate ickneviniayhdiooxi n can be

d i I I i . [ .
DA SRR D LS Bl B SSRGS ARELATTE (RO
tri anm nepemicaaocgng gitale dm{ndciprRAyrsors invnlvingefop bxamples Redrinet 19gn plgeraf f or

conj ugat hgd??%fn. 3 ]ﬁ'&b&?iﬁ@?’i‘ Qﬁ'ZP,Cke“m,%emL.iJ)@dycan%%gnéM&%}%Q einel N€ | I nker
may be a “cleavable |1 nker acilitating release of the cytotoxic drug in
t he cel | residoe inghapaplide. trivaePQcandigiattached vik edysing Ogsestye.i Thad@DOSKN t i ve | i nker,
phot ol abi i i il b rpci | ConNtRL NI i;pker (Chari
o al gl (AR oL APl ton 8 55 B g RS P R0 B0 20y mmy
be udéd. inthwortsnipdiondl3. cManhelonahhatibddisa incbapmunesdintigeaphy elfhpal ERGhut are not

limted ﬁ@g}v%rsgrﬁ)gg EfleMhdibbds iP&Sal | nker reagents: BMPS, EMCS, GMVBS,
HBVS, LC- SMCC, S, MPBH, SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sul fo- EMCS,

sul f o- GVBS, s@triegakvoBhe arfiboflyandsstotaxid fgentHraxpe made prosSpmEnetyaid sul f o- SWPB,
and - SVSB (GG Bt doupfhiig AgbAtY bith ﬂ%@ééﬂﬁﬁ?&ﬂﬁ@-p%‘iﬂyﬁ%h% Brop ! cially
available (e.g., fromPierce Biotechnology, 'nc., Rockford, ITL., US A.
See page$SERP)- woanimidh3-Mopaciniganetudicyeighemantdberskoxalitr EMEDog.
20  iminothiolane (IT), bifunctional derivatives of imidoesters (such as dimethy! adipimidate
HCI), active esters (such as disuccinimidy! suberate), aldehydes (such as glutaraldehyde), bis-
azido compounds (such as bis (p-azidobenzoyl) hexanediamine), bis-diazonium derivatives
(such as bis-(p-diazoniumbenzoyl)-ethylenediamine), diisocyanates (such as toluene 2,6-
diisocyanate), and bis-active fluorine compounds (such as 1,5-difluoro-2,4-dinitrobenzene).
25 For example, a ricin immunotoxin can be prepared as described in Vitetta et al., Science
238:1098 (1987). Carbon-14-labeled l-isothiocyanatobenzyI-3-methyldiethylene
triaminepentaacetic acid (MX-DTPA) is an exemplary chelating agent for conjugation of
radionucleotide to the antibody. See WO94/11026. The linker may be a “cleavable linker”
facilitating release of the cytotoxic drug in the cell. For example, an acid-labile linker,
30 peptidase-sensitive linker, photolabile linker, dimethy! linker or disulfide-containing linker
(Chari et al., Cancer Research 52:127-131 (1992); U.S. Patent No. 5,208,020) may be used.
The compounds of the invention expressly contemplate, but are not limited to, ADC
prepared with cross-linker reagents: BMPS, EMCS, GMBS, HBVS, LC-SMCC, MBS,
MPBH, SBAP, SIA, SIAB, SMCC, SMPB, SMPH, sulfo-EMCS, sulfo-GMBS, sulfo-KMUS,
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5v. Preparation of antibody drug conjugates In the antibody drug conjugates
(ADC) of the invention, an antibody (Ab) is conjugated to one or nore drug
noi et i es WORp11@sgissabout 1 to about 20 drug noieties perPCarutsedomdy3sot hr ough
a linker (L). The ADC of Formula | may be prepared by several routes,

enpl oyi ng organi ¢ chem stry reactions, conditions, and reagents known to
those skilled in the 10art, including: (1) reaction of a nucleophilic group
of an antibody with a bivalent Iinker reagent, to form Ab-L, via a coval ent
bond, f obultorddBSeplfe-SaaBi wHOWMCEL, andisully-SNPRitapd BV SBifthc¢igimidyd gt i on of a

nucl eophwny@ulﬂ{ng}apnzggon dﬂk&*l&eeahﬁwe.amm,mpgvg' PlefcB i hEAGRNL . tO Torm

DL, via a’cova | owed react | e nucl eopti lic group
of an antrchBdgkfordddi. ty. 8al Sempagrs d67- f‘Qﬁr 20Be0af MgllCAED@Seﬂaedu@k@nd bed herein.
15Ab- (L- B), ,]Q %he | i nker may be conposed of one or nore |inker conponents.
Exenpl ary ker conponents include 6-naleim docapr oyI ("M,

mel ei fi dopr opakoypprqtionPl gntibegd druedriugatel i ne ("val -cit"),

al ani ne- pheny, ( I ("PAB"),

N- Succi ni i dy‘?“‘"he?ﬂ“*'?%’yyrd’@é Rrpias r IR BRRIBAR P (v
20nal ei nFev¥Eater Ye gneoy alo R&ﬁ'é'ﬁleso@b tsesk groat b to(abemie@ dyug meigtieNp8ucci ni mi dyl
(4-iodo- af?tFB%B)Y kﬂro@éﬁ'aﬂﬁx‘ﬂ@:"&?aﬁ% AD@BPﬁr)nulaM%tb%BFk%reéF é%%aﬁ%m@?nents are
known in the art and some are describ herern. See Monongt hyl val i ne
Conpound§MPiapas Peagf cleaHstigsactions. eanditioph Asreagents §nowdeio, tthe skilig} io@®, 340,
filedoNoy, &lud?%‘h)kﬁ%oﬁ@ﬁ& ﬁme%pmlc mt&&aﬂraﬁtlmyw atGRhPRIRS ed by

reference inits entirety I n some enbodi nent s, the 't nker may conpri se
ani no acf@sibde ueab- Ewemvoaagemdm%olmee by Feariéan wighidnemoisty Rigindde a

di pepti dey) r@acttde cﬂ%pﬁjblg@phllﬁ dr&lp'RR AR ntlFetP vith a@%teﬁplﬁﬁlu AEentESIRN A Y
dlpeptldes include: valine-citrulline (vc or val-cit), alanlnephenylalanlne

(af or aPalspiaa covlgrsibendyfollovwe by fraptipasvithibe m&éeoplyllyérph@oﬁﬁei|am@dmru| li ne

(gl yval - aighitiodd the o EfoP Brefdrbg IATSC S MedcABed(@leys 91 Y- 9l y) . Amino acid residues
whi ch conprise an 30anmi no acid |inker conponent include those occurring

natunglly, as well as minor amapoqa pds and non-naturally occurring am no
acid anal ogs, _such as citrulline. Amno acid |inker conponents can be
desi gned and BistlinfrZeay ferforpesed okeneds mots linfercomperppipnreplandiabeige by a

parti cul aamﬁmzmmsmdé & aRXANBE Broy (MU mASSRepRp &by AF-RIPERSAInec at hepsi n B,
Cand D, or_a rotease. Nucl eophilic groups on anti bodi es include,

but are FRlling Eﬂ’t"e‘ﬂt”l GB"'C‘F'}’hNY{a&“fﬁerﬁélla - ne-aginehgrgylogygasboryldePARAi n ani ne

groups, m.glcclhmuyle;,(z(ﬁyhuynh%)@entmtera“sr,plmpN AUcOHRSidy1D- (m 50ystel ne, and
(iv) _sugar hydro or am no gr e anti body | ycosyl at ed.

Ani né? tma&rm*da'ﬁa}(m@fcm’fangﬂdaragxyé%t%(“ﬁuchebam Nrsewawanéyé I9fe- of reacting

to form gaval @nhoﬂaﬁiua& (\Asmlm”plﬁ&ﬁﬁdaalhlnh(e&o%&km& afknolwvikethe ARLRY 1 €S and
| i nker reagents including Sg&fi%p active esters such as NHS esters, HOBt

esters, FANGFBATFELRS hemhy FMpramsthyvaling Comppappdsrapablenly| hal i des such

as hal oacetuagatﬂe&) Lighrids,)’ LB$.dRhYWe 50/9468340, &d NERBDIOOM! the acn@knfﬁfﬁf%mhde

groups are hereby incorporated by reference in its entirety.

25 In some embodiments, the linker may comprise amino acid residues. Exemplary
amino acid linker components include a dipeptide, a tripeptide, a tetrapeptide or a
pentapeptide. Exemplary dipeptides include: valine-citrulline (vc or val-cit), alanine-
phenylalanine (af or ala-phe). Exemplary tripeptides include: glycine-valine-citrulline (gly-
val-cit) and glycine-glycine-glycine (gly-gly-gly). Amino acid residues which comprise an

30 amino acid linker component include those occurring naturally, as well as minor amino acids
and non-naturally occurring amino acid analogs, such as citrulline. Amino acid linker

components can be designed and optimized in their selectivity for enzymatic cleavage by a
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10 Certain anti bodi es have reducible interchain disulfides, i.e. cysteine
bridges. Antibodies may be nmade reactive for conjugation with |inker
reagents Wy 20rigEbrsent wWith a reduci ng agent such as DTTpCaiuskeiotobsseit ol ).
Each cysteine bridge will thus form theoretically, tw reactive thiol

nucl eophi | es. Addi ti onal nucl eophilic groups can be introduced into

anti bodi es through the reaction of lysines with 2-imnothiolane (Traut's
reagent) resulting in conversion of an am ne 15into a thiol. ‘Reactive thiol
groups rrawibearienwmd,doed(ainpteoa tuher-gubdidetiyotoyse] aathepduBj @gndhgor at wo, t hree,
four, £ e gageel ne residues (e.g., preparing nutant antibodies

conpri SI ﬁg é’ nore non-native cysteine am no acid residues).

Ant i body drugNunmphnga’g@SPmn ankibodigs\ighide drut ayodlinsicedse: (Dotuoimd by

difi I f ' d whi ch
Feact v 1 afugt, 0 Kk ik Brd B, WG Re TS Rl EarBet b0, 10 “The
sugar § otystglinec usty/ivasuedr b)ﬁlrcpmbqh apEngEryuiisevhei thk antitiodyels glys:oswateld peri odat e
oxi di zi ngn{u?eagﬁmtz?id h?@rﬁ;ﬁ gmu QQFcheolpf?ldc r(i:“at %@&l%&ﬂ%‘&%?% Xleﬁ gact with

t he am ne group resutlng i mne
Schi f f batsreisgmtbmbstrmwﬁgmm an bmlabtneletwsralnagalsermagmmtiedmgdu@exd/e e.g., by

borOhydrles‘i'? E.ﬁﬂg?ﬂhg %]tgréfl%)m %Lg?sbhaﬁot%md? MlaERYGR sa@égﬂ nﬁ?g%%gl”em’

reaction o e car tate 25portion o a gl'ycosy Wwith
ei t her ghalsleoseh @S(hf’dmg@armdess Odl) aldahprdds akepames, oathoxy L, rang mpleghide gmpiprony |

(al d‘?ﬁyd%eutﬁ’ﬂg .ﬁﬁ‘%&’i@s@l} varaUaBIe nﬂeél;ﬁ’a‘ﬁa BEREREN %%in%%dé??‘%ﬁ%d‘ié@tnﬁgfr opriate

groups on rug r mnson I oconj ugat’e chnique n-ano
enbodi neht ma@ﬁrremmﬁ)r conegation wgh Nekeereagents| bydesatimeat with a tedecing agentrsedi dues can

react w ; i L ' I QR ¢ | dehyde in
pl ace of B{qﬂwﬁ +rﬁggtﬂggﬁn@)n(B);f%l g.ltl:‘.l %2@ E%e ggh%@%gﬁ?%ggagl%g%) Qgﬁlng{:]to?\oj ugat e
Chem 3: n@deophides. Wddtiomd pegieophidic g@llmn%zl)rodlgﬁémtaﬁrﬂiéh#d%thm@ te reacted
with a d;éaalmfﬁrsme%ml.M%thguwe%ﬁmbs'r@agem resultlh'% #ﬁg \se%.omhsanﬁ' lic

groups on a drudg noiety inclu but are no am ne iol,
hydr dRy| inthy thiclz R%UVWZ‘IWWW&W&P& ipfeodueddi infg dlei antibdsiy by ietrodhsing enci ne

car DOXY! 1 @ ShuRcY hiBKeks IR ALENES. BRAAMeS Rl SRRSO bl Bish@b coval ent

bonds with el ectrophilic groups on nker ol eties and |1 nker "reagents
i ncl udi ngf mEEEoRBRINPEY Y NR#BING atithreaiduedhS esters, HOBt esters, hal of or mat es,

and aci d hal | 88oaf biuk oallies 8the HRRZMn 3lal 185 paiGtads R RARGIAM des:

(iii) aldehydes, Kketones, carboxyl, and | ei m de %rou ps. Alternatively, a
f usi on pﬂtstaei'lwdtmwp@mgleftmh@ﬁmowaywawa caryreast swithauelgenilicray be Smade,

- 9. 200 <HiRGABNE PRE IARE RALAKESIGE. RRRLLACCNIRERIConilliicd TN Of DNA may
COITpI’I se respectl ve regl ons encoding t he ortions of the conj ugat e

ei t her adfidizethe-goNdthpavedatsroxiliziagisagent o fw ahyds akelencrarmigviic i nker

pepti de whi edacdeiashdfthind @Rup Q¥ litkeEreliRis P drup MRS | BiR resfuntnlgems@m ugate., In
yet anot her enbodi ment, the anti body nay be conjugated to a "receptor”
(such Schiff 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 carbohydrate
25  portion of a glycosylated antibody with either glactose oxidase or sodium meta-periodate may
yield carbonyl (aldehyde and ketone) groups in the protein that can react with appropriate
groups on the drug (Hermanson, Bioconjugate Techniques). In another embodiment, proteins
containing N-terminal serine or threonine residues can react with sodium meta-periodate,
resulting in production of an aldehyde in place of the first amino acid (Geoghegan & Stroh,
30  (1992) Bioconjugate Chem. 3:138-146; U.S. Patent No. 5,362,852). Such aldehyde can be
reacted with a drug moiety or linker nucleophile.
Likewise, nucleophilic groups on a drug moiety include, but are not limited to: amine,
thiol, hydroxyl, hydrazide, oxime, hydrazine, thiosemicarbazone, hydrazine carboxylate, and

arylhydrazide groups capable of reacting to form covalent bonds with electrophilic groups on
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10strepthvidin) for utilization in tunor pre-targeting wherein the

anti body-receptor conjugate is adm nistered to the individual, followed by
renoval ofounbisomsconj ugate fromthe circul ati on usi ngPaTaiSe@oioszFIngent
and then admnistration of a "ligand" (e.g., avidin) which is conjugated to
a cytotoxic agent (e.g., a radionucleotide). Methods using anti-hepsin
anti bodi es 15The present invention features the use of a hepsin antibody as
part of a specific treatnent regi nen intended to provide a benefici al
ef f ect f foker mo@tiescand Vinkey ragenthingludingr(l petiveiestera genhtas NHeesprse HOBt i nvent i on
is parti I L1 0. I I arious t yarious

st ages. %%chéeé%“@gtfﬁ%g?d %F%‘Eaz'géeiﬂg ag(gﬁ%ggt% ?Ztha\(g' gspsgo ?th\eélr[())g elta\%a'dﬁi sorders,

i ncl udi n@iibaldehpdss, R@inesricarbokyl,ang melegnidegoapss gr owt hs, beni gn tunors, and
mal i gnant tunpgs, .. Booi . L0 ] ite origin and
do not have the caélggg’latg@s%ﬁci%%ﬁ otﬁﬁgltls'e;glh?%\;méd é?%&ﬂ?ﬁﬁ%%ﬁéﬁ "z@hfeo di st ant
sites? Malajgnanby raspmbiganitdchnives adpeptiddsydtintig eltstléneth ¢fi¥$Aienyar ound t hem
They can_ gl galdgtdhe,ah dib¥nd & ?;De]?c}g Skt - 1.qi site and
spread to o‘?&gr a?'ts 5‘? gt‘lﬁ]é (ﬁ?)%ye me atéta%fzé)?‘?njlﬁéﬁfl%éﬁgﬁg%ﬁg Y the

bl oodst r ezptheppr seharatad) by 2 regionyengsidingiadinkG peptide whidhaloes ndtdestrpppite desidds ar e

| ocat ed. Bl B o o roat@r € classified by the type of tissue from which

t hey ari geo?) met aéteﬂ%g?tmmrs are classified by the tissue type from which
the cancer celnlyst anptherkantiogiseent, treeantibddpiemay tbh eonjedaled tod “raceptolr7 @aent  t unor
becong MR FoRkiliAEn APRRBY pJe.;%%%edtnEme,@mﬁ%ﬁsgag.é%eﬁy?g r{&é}?que in the

appear ance of cancer cells 1Is cal e tunor gra ancer cells are

descr i beadmisisiseddrig thedadividyal, ffelicyved bz resepvel SunBogd sendygate from the _ _
moder at el e dibh GRS Ligdrfd 9‘32’?‘1 a{e,#admiﬁgtﬁmaeﬁaeg%fw (é!g.géxfiéiﬁf@lﬂgl gted (high

grade). Well-differentiate S are quite nor appeéaring and resenbl e
t he nor mednjegated 0 4 exieipyip pESAt (et resionyclaetidsti. Undifferentiated cells are

cel I's t NafehAY BsiRE M Repsin SABOEAR! that it is no [onger possible to
determne the origin of the cells Cancer staging systens describe

how flar the cHifcwsselaryetimdaiurgntie v of alhpRsinantibedytas it of aspeeific pat i ent's wi t h

simlar 95&19@195?:11%@&5&6%45 PRAIde laBerddfiBiaPalBt fdnithe ASkivAHy Q¥ fhis (REYRUAM tests
may be perforned to hel p stage cancer including biopsy and certaln inaging

t ests sud#fnhslhg pegseryd dnveotions parsislyuasfil ipspasing cansers e vasioantypesrdd MRl scan.
Bl ood tesipuahiidecea clinical evaluation are also used to evaluate a
patient's overall health and detect whether the cancer has spread to
certai-n or gan§he term cancergmiraggge celisrtien of Rrofdferafisr disosders Bichdingdiiiatt ee on
Cancep fiimitd Rl REEMEDR FANRE beniPRiutofsUbRIhMighst kithdrd "BYn$en thiflord | et ter
category using the TNM cl assification system Cancers are designated the
| etter Tremaihiraligzdayhe siie oleifgimpidalongtisyg the spppciby toNnfilaledayadess) . Ti, T2,
hgT?»i\BandngMaame disket dile MAGEeRThMEts SAIERvAk ahd@anigk GBEYtids®SiaRnd NO, NI,
, i ndi cates . . .
them. They can also gain the ability to break off from the original site and spread to other
parts of the body (metastasize), usually through the bloodstream or through the lymphatic
25 system where the lymph nodes are located. Primary tumors are classified by the type of
tissue from which they arise; metastatic tumors are classified by the tissue type from which
the cancer cells are derived. Over time, the cells of a malignant tumor become more
abnormal and appear less like normal cells. This change in the appearance of cancer cells is
called the tumor gfade, and cancer cells are described as being well-differentiated (low
30  grade), moderately-differentiated, poorly-differentiated, or undifferentiated (high grade).
Well-differentiated cells are quite normal appearing and resemble the normal cells from

which they originated. Undifferentiated cells are cells that have become so abnormal that it is

no longer possible to determine the origin of the cells.
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progressively advanci ng node invol venent; and MO and M reflect the absence
or presence of distant netastases. In the second staging nethod, also
known as wbeoOwsomsBl St age G oupi hg or Roman Nuneral St &girrusg0iomasssers are
divided into stages 0 to IV, incorporating the size of primary 15| esions as
wel | as the presence of nodal spread and of distant metastases. In this
system cases are grouped into four stages denoted by Roman nunerals |
through IV, or are classified as "recurrent." For sone cancers, stage 0 is
referred to ﬁanwrrstagingaystms deqiribe how far theagnagubasapreaangiomaealy iand si t u or
| obul ar [ Hi onas can al so
be cl ass?‘?ﬁr d as %tga‘g vxtlfjﬂsng‘arglrogﬁc)%fs aﬁgngagééqt ng%gaér?e;ﬁa%‘?nfgg | ocal i zed
cancers fBengral tgste mpO kS aqlfqrsne@tswlab’l stage panicerancdudiggebio sy @sdiedriain i lmegmes ents’
i noper ab} I |

P keSts QhcnBEh gﬁeﬁ?{ -+, &%B@S%ram%oﬁg?cah C?qu? + gﬁﬁ%‘aﬁf ﬁ% d&é&h@ y

| ocal | y advanced /or “ex i hval venent
gener al , achpcahpypiuation arg glso nisdites @ luatgdipetient’s pvarall keelte WCWB@@SQE

i ncl udi ng, 9&8at gi;reaw(grperrtaﬁ;&%n@nd/or spread of the cancer to nearby |ynph
nodes and7 or organs adjacent to the primary tunor. These stages are defined

preci sely, buto fttflfﬂé Cd@ﬁt, thetAraericar JaditiGoaymeiee dndyanessdinst Rlages tef capGeancer and i s

known to QrH&Ia?lSJsbln@ﬂm%st 'irﬁaﬂl@tter category l}@@ th€ FREEEIass BBARNs| Ky, EMfcBsas the
NCl ' s Survell ance, Epi dem ol ogy, nd Results Program(SEER use

sunmary Sllea’gﬁlgfgted‘ﬂlfﬁ lgttes T fusiar F@e)u§é@plnaék nafigs). py@esMdmeragiaedr T 12.gr oups

canceph Cagemdmaldlschiby e 'imke'asuﬁg?‘&?&&}ftﬁe‘%ﬁrmahnle§bﬁ WO, N16R8, N5 ingieg&r that is
present only in the layer of cells in which it began. ‘30Local i zed is cancer

that is Plogiessvely advansinggioga inveiverapritiand MO and dbhrellogt thesbeenes rpessenceof spread.
Regi onal oféstg,g%gstagggat has spread beyond the original (primary) site to
near by | ynph nodes or organs and tissues. D stant is cancer that has
spread from théhgerondsipgigmethod, eliodingwn apthg yerabh Stage Sraxping|oy RpMamhodes.

Unknown iNGmkdseStakife, A8RGFs REJiCRSERt Pzed0ioal, nb&p&ratity tROSizEPREARI Nf or mati on
to indicate a stage. 5In addition, it is common for cancer to return nonths

or ydar s leafopess welless e migsegee of pestel ypiced parkef distang Pstastaseantodhis s¥stem.r ecur s af t er

al | visi s &Hg&bpe!aaﬁtob@mtagésaﬁh&@émoma% rfufet84 tﬁ:%ﬁ%ﬂ’l"\fe% ardcmearg. D sease
that recurs in the area of rimary tunor is |oc recurrent, and

di sease BhIECUIERL]Y §0r6§§mﬁé%r§§lts,a9§8§§0 irefegpdioras dinsguagr ‘Sdl%“fléi‘ft weakur r ence.

The tUMEaERABMEH stuDPlobblat dAFTHonR in SitOPbrek E4hcQs. B mgrafdleﬁ&lﬁﬁmﬁwmr
Exanpl es of soft_ 10tissue tunors include | eukem a ., chronic

nyel ogendlss bs eaRiisd 43 staget dn ggsrab gegolenteiie Fﬁ“%{‘ loﬁﬂﬁi"{ Cageqrt tay Yfphobl asti c

| eukegi ams@ﬂfﬂhﬂaWQ&lﬂl@@ﬁQ@W us@h“%er@])@sen@ﬁﬂdﬁéﬁblB‘oEﬂEﬂast@tﬁdﬂaﬁce} yS@ga! astic
| eukem a, chronic ly tlc Ieukema po ynphocytic hairy

| euk
cel | | eulBdrlbganesrs ?’ﬁﬁﬁﬁ cally agvancegandios gifinhingolysmashatigeal B’Htpgﬁ‘g%ﬁs T- ceI I
| ynphoma,in §dnefd @hiighebstalieSRMSES md&aﬁ%drde)&mé diset Uadsdigngteaanarsr of body

tissues (grze grgd/or spread of the cancer to nearby lymph nodes and/or organs adjacent to the primary
tumor. These stages are defined precisely, but the definition is different for each kind of
25  cancer and is known to the skilled artisan.
Many cancer registries, such as the NCI’s Surveillance, Epidemiology, and End
Results Program (SEER), use summary staging. This system is used for all types of cancer.’
It groups cancer cases into five main categories:
In situ is early cancer that is present only in the layer of cells in which it began.
30 Localized is cancer that is limited to the organ in which it began, without evidence of
' spread.

Regional is cancer that has spread beyond the original (primary) site to nearby lymph

nodes or organs and tissues.
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15t han bl ood, bone marrow, or the |lynphatic system Solid tunors can be
further divided into those of epithelial cell origin and those of

non- epi t wbizal1/03eis8 ori gi n. Exanpl es of epithelial cell pewltsdotnwszps

i nclude tunors of the gastrointestinal tract, colon, breast, prostate,

| ung, kidney, liver, pancreas, ovary, head and neck, oral cavity, stonach,
duodenum snmall intestine, large intestine, anus, gall bladder, |abium
nasopharynx, skin, uterus, male genital 20organ, urinary organs, bl adder,
and skin. SolPdapvisoanserchat haxspesad framlthegdrinoary gjierto dishuwigans ar distamts, br ai n
tunors, gyp@hp‘%@ tunors. OQther exanples of tunors are described in the
Definiti secti on. In sone enbodi nents, the patient herein is

subj ect ed t o @rkdpanisosed to desssbe asey. for yorictothere ¢s rm eifomgh ohfiermagoretad/ or  af t er

t her apy. Neraly, 1f a diagnostic test is performed, a sanple may 25be
obt ai ned roma patient in need of therapy. Were the subject has cancer,

t he sanpl e nelp alidition, itirsammeemfot eancayto @tumemohmmroghnsaftersbmmir@rywmn as a

bi ol ogi c al i va,
ascites ? %suqe%fweqmé e?élayggtrﬂgtegex\ﬂgt%gﬁéﬂta" L'L[Ule tg&sée)&ﬁ%géé‘ndaq‘bﬁa dlgg?]agma and t he
li ke. recurrent disea§h eDis¢asé thefi reqirs inalmpirea dfe‘remrmnarmtymbelsaocblly(edurmtrpl e, e.g. a
formalin ) E r a frozen sanpl e.
Vari ous ald 1‘1&386 tﬁzﬁr ges agP%lgﬁt?%g%gg%ﬁ%ést;ag%gﬁﬁﬁmeg% protein include, but
are not I i m t B tumor qge hea eodidrieneri ayia npr-exflid| or mef tigsod tyumer. &semplewéfisofteact i on
(PCR)pi n e anal ysi s,
Seri A anayLner A it ok BelSsoh il yeu EREORERY 210,

Anal ysi s lagennadinly aduie Ipaplgbllastic @u@mﬁ, aewe BpejogencusriepkenP®8iure Breelt eonni cs,

i mrunohi t uch nmMRNA
anal ysi sgéug&lgﬁlgh %’E%ﬁ? khgﬁl gﬁﬁg lﬁé%&‘? F\i!‘é&{(te @1@%1&@%%3 likp%‘FlJf;ﬁrrlt(iajar gfe chain
react i onhgipGrlil leu&?mbyOW@Pmar(aﬂ aeraHgdgkin’s W@h@ﬂ@mamegueﬁ‘ptlbyed a

pref err egfmom o iREkih $ aLRg! 'Ats%i,avu%,orr%hudumcﬁ’&aéf%%] B&SRs ol one
enbodi ment, expression of one or 5nore he above noted genes is deemed
posi 115 ve thag pload diopmmprrow.or fhe lmlpftah@SYﬁ’@m aﬁqh@runwmﬂe be durther gwﬁg&m@d to ot her
sanpl s gfosd SR pRRNE deH ORLin ¥ Pose Jf%omfh@mgeﬁp&?g?é'ma RYGF iR e

determ ned essentially contenporaneously w th neasuring gene expression, or
may have cbseHd thasy infFludetupesaf Giggpgroinasting tragiscolsn, brepsprastatsiuagi ve pr ot ocol
for prof k|dh&0 i 08 NanGER! §3:8Y, BBadUsl RELK! dridvinl ABALAY, hideRIReAdRd tissues as
the RNA source, Including "RNA isolation, parification, primer extension
and anpl imesHas fags ipfeding apah gﬁlhb%der,é@surwmqpbﬁw P'@Br‘&ms maleigeniead (f or
examibe J@,@ﬁjfu'hﬁyry%;gaﬁsl blaéderMﬂh@lGn B3 R4S b SonepitBdiaddridid HeRle Specht et
al ., . Pathol.” 158: 419-29 (2001)). Briefly, a representative process
starts mrwwﬂtri"n@l%wﬂd a9e irerd o rh PXAMBIRS afdimprs s dsseribed iafthe n- enbedded
tunor ti sepgsAWRA. The RNA is then extracted, and 15protein and DNA are
removed. After analysis of the RNA concentration, RNA repair and/or

anmpl i ficati onl“§9'€ﬁ)§mh%f§?mﬁés theetiens Bereinfis yaieeted toradiagapgiicpagae-Bs PHiIVRr se

transcri beforésitingar@®N @fter therapy. Generally, if a diagnostic test is performed, a sample may
25 | be obtained from a patient in need of therapy. Where the subject has cancer, the sample may
be a tumor sample, or other biological sample, such as a biological fluid, includ'ing, without
limitation, blood, urine, saliva, ascites fluid, or derivatives such as blood serum and blood
plasma, and the like. |
The biological sample herein may be a fixed sample, e.g. a formalin fixed, paraffin-
30 embedded (FFPE) sample, or a frozen sample. -

Various methods for determining expression of mRNA or protein include, but are not
limited to, gene expression profiling, polymerase chain reaction (PCR) including quantitative
real time PCR (qRT-PCR), microarray analysis, serial analysis of gene expression (SAGE),
MassARRAY, Gene Expression Analysis by Massively Parallel Signature Sequencing
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specific pronoters followed by PCR. Finally, the data are analyzed to
identify the best treatnent option(s) available to the patient on the basis
of the chaoaotsi®8i C gene expression pattern identifi e®Cirrnustéie/0535oDr
sanpl e exam ned. 20Detection of gene or protein expression my be
determned directly or indirectly. One may determ ne expression or
anplification of hepsin in the cancer (directly or indirectly). Various

di agnosti c/ prognostic assays are available for this. In one enbodi nent,
hepsi n o(MP&Eppretsginiss, immpnplusteghanisire (1HEY, eta@refPrablym RN A& ndpdutéfebdt | ssue
sections QRRRAL and accorded
a hepS| nSIp'){hot el ﬁag%]g{lsn'? S’%%tiln e%ogrﬁ%@&?{ ‘?{?%tr@g\g‘icgskfﬁq *'kga&%ﬁﬂx Score 0 no
st ai ni ngreaagiog§BERY etbsomicraarpy anadysist AVhererRER s eplplpaeds e gpraferredders ¢than 10% of
tumor CepR i quanmatl@(}%%né?c?{ (&ﬁ'rrifdlaafneclr% eP:‘BBcﬁ Qﬁt Q{pfe o%@ staining is
detected in nore than 10% of .the tunor cells. cells are on y stained in
part &f meesiaf th?eﬂr'?bveaw@d gsmfscwe@mzctp@ﬁltweakpr@sglomﬂmsat the pwdiph ert@om;nbrane

st ai ni ng f core 3+ a
oder at o F o mroa o e R A A e Pl TRl 3 Bletslop vl can °7) 2 % 0%
of the tdﬁﬁml@éleﬁ%nﬂa"y contempqiangowdy withweisHing gene t:mge-on wmoveg hewet h 0 or 1+
scores f gLenlieRmhileLHEFiGIR, €SSi on assessment may be characterized as not

OVer expr essi hepsi n, wiereas those tunors with 2+ or 3+ scores may be
characteri zed&f@%@@?%‘ﬁp‘ﬁ@@@i%@mﬁ@ﬁ@f@f profiling 2pnet dxprebsjon usingdided.t i onal |y,

FI SH1 85 S gyariR¥bE&iel Akub S tRURNRRodrod, iRl RiGA qsoﬁmgﬁ gLF.h&h fibedded tumor
tissue to determ ne the presence or and/or extent ‘hepsi n

anpl i fi cBUMeFFXisAsipn %ﬂ‘i’s’ﬂ‘m’éﬁﬁt@h afergiyeqdn leﬁb?PubllShedJOUH@ﬂ)Qfﬁl egideni vati on may be
det er mi neghnfbid: eﬁahé@ & 81 9- Mol DS RRE2: @4'-95’%26@?@&&!’( efdl, anhﬁfrpamzﬂns of
detectin ghosg é ated receptor) or indirec by detection of
activate Wd? F208 - ﬁrgﬂalqrﬁgeﬁa vaoﬁé?%ﬁéﬁﬁlscumﬂéﬁw Hdmicsegrarecept or

diners (ehi& sect%Qbmﬁufmélﬁbedh&i @mAFNRS ihpled et RN R tith egﬁﬂ:‘?edemr ession
profiles and the like. Met hods for detection of nucleic acid

nut at!P onBrofinangd VA pisdsHOYed: M‘@ aplysis cfthecdiNA corsapffrtiantRNrh sepais and/ery | g

target nhﬁﬁ%ﬂﬂic@n&pﬂtéﬂ)shﬂ%y%e SRALE lﬂrﬁcéifﬁp} 'afld RNALQreREQV IrdBcriteg ublfSidned anmount
of material for determ nation of a nmutation is present.

Anmpl i fi cSREFIGIR PRSP &d@gfeda%P%ﬁmak'Mdhmdwr? Aealyzed to 'ml%%hﬁr e, the

anplifi edez@tﬁ@d%ﬁﬁoﬂ@)ﬁv@fabl@’@d’th@Qitlegiﬁﬁﬂﬁ@w@@%ﬁ thlchar@terishe &fé‘ékﬁb&loﬂm d
sequence encodlng?the protein of interest, so long as tﬁe anplified product

conpri seBatEHpidpied b umersamplaseminitcl ei ¢ aci d sequence' position where
t he notati on D@edtidh PEEINESr froteMxpression may be determined directly or indirectly.

One may determine expression or amplification of hepsin in the cancer (directly or
indirectly). Various diagnostic/prognostic assays are available for this. In one embodiment,
hepsin overexpression may be analyzed by IHC. Parafin embedded tissue sections from a
tumor biopsy may be subjected to the IHC assay and accorded a hepsin protein staining

25  intensity criteria as follows£ .

Score 0 no staining is observed or membrane staining is observed in less than 10% of
tumor cells.

Score 1+ a faint/barely perceptible membrane staining is detected in more than 10%
of the tumor cells. The cells are only stained in part of their membrane.

30 Score 2+ a weak to moderate complete membrane staining is observed in more than
10% of the tumor cells.
Score 3+ a moderate to. strong complete membrane staining is observed in more than

IQ% of the tumor cells.
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A sanpl e conprising a target nucleic acid can be obtained by nethods well
known in the art, and that are appropriate for the particular type and

| ocat i on wb 20hi@sv1s8or. Ti ssue 20 biopsy is often used t@CohtS2010/083591
representative piece of tunor tissue. Alternatively, tunor cells can be
obtained indirectly in the formof tissues/fluids that are known or thought
to contain the tunor cells of interest. For instance, sanples of |ung
cancer | esions may be obtained by resection, bronchoscopy, fine needle
aspiration, bpepaemabodynenhthesgstumers Vflﬂ!dh(?rslmﬂmm fophepsin aberexpu¢ssionr bl ood.
Mit ant  geREImEt nga?rl‘)@cpd’r%ﬁgcﬁas%po@?exgl%gs%@tlﬁgsﬁrvﬂmegmsret o With@m ot her
body sanples such”as urine, sputum or serum e sane tec ni ques di scussed
above f oPr Hescewss menboshargterirad as gryetpregeingkepsin. gene products in tunor

sanpl es can b&lt@mllvél?dortagdlﬁ&ﬂﬁ& lﬁ@ﬁ)ﬂss%@rfﬁ R ca&@@gﬁron%aﬁn ‘fﬁrxﬁd sl oughed of f
fromtunors and é)(gear in such sanp screeni ng such body

sanpl &s, paaifinepibe éﬁllngprdliswgﬁm@qtesmmmhehéesa@qﬁ|oeeléidorfeg§entdnfgen)s<é§ex§uch as
cancer. Lg, l%qilgd&@panglmt,mmgﬁqu‘%opf t herapy can be nonitored nore easily
by 30testi ng such body sanples for mutant target genes or gene products.
Means for enrliepsinggtivation mgy be dntespmined dirently (o, RYUphopPhediLISA sgstinknbwn in t he
art . For ofiaBheof deigiifd a@%owemcepmloﬁme&m%pey aliddin Bf CTyOSt at
sections. Cancer cel al so be separated fromnormal cells by flow

cyt onet r etiypted a@érrstreaalpﬁlawém&p@hww @g\@elﬂqn@fnde@ﬁe&@f reggptofdimer(s.got her

t echnpQUESmbdihers ARRFGih&S), 148N Bf@m BQ&8bn pokileS anPh€lie! | known in the
art. If the tunor tissue is highly contam nated with normal cells,

det ecti on of Meihadsiferdetastion efenupigicacidimutdtions are wall kedugh theeseth Qfisnes f or

moni m zi g@ugemk awegsamyoaﬁtaagadmre.cfa%ldsﬁaewné h\éﬁ(pnﬁ&%lpv&.creqme%ﬁedar e known,
sonme of which are descrjbed hereinbel ow. For exanple, a sanple may al so be
assessedngynt phwatgiiad e rpinatipnigf yhethararmytation| iy pessgt Amrlifigetian) known 5t o

be assocnteaﬁrﬁﬁhewemea Kh&WRn tﬁ@m 1 ekdmi g, @tanipiedbdt £QY bESRORAI ng nor nal
cell, or vice vers In sone instances, the cancer does or does not

over 3pr Eempass ! ﬁf theapelsin agid eausnse eaceding the pigjeip of Wisresh a9 loagas the o

di agnost h@pRlied PrOMOQDInpAsed FedirtRYlaL3Rhsl adid/AEL1diOSNERFESH S postlon viferchepsi n
present on a cell (e.g. via an immnohi stochem stry assay; |HC).

10A t er nHEiRHRtpn ‘sost“Ssza'Giij ®nal 1y, one may measure |evels of hepsin-encoding

nucl ei ¢ aci d_ARarhplecéifbrising®. terget\iudeit héi@ caSKeIBlaired bghtemohyhéu fiogatihon (Fl SH;
see W98/ 45479 pubI i shed October, 1998) sout her n Iott| ng,..or pol ynerase

chai n r ed€eTtotndtsERy apRIORTALG PE the pé%'&wararxpera@m ocafioRe T REAHPPYE AKitsVe PCR

( RT- BER) biops @Ieﬁémgea ﬁohﬁbtaﬁb@&ﬁre?@%&iﬁy&pledéaifhﬁﬁb?tlhdﬂeVAMé}nﬁ&%@}’ﬁm@Fe avai |l abl e
to the sk ractitioner., For_ exa ecelhs wthin the

ille e S
body of f‘HE cgmbesohigingdrindigscthy in by fopp g Wﬁs@ﬁ dFéhab%Fu‘e‘B‘g%ﬂ ‘Prﬁh‘?“é dPed with a
det eclt la-bk:@tilﬁbﬁhum(ﬁ .cgHs carnlitadsbtoa&tmsl\tﬁlce &&hgeﬁoflab@i;aMenwlslﬂgsl @by bhe ant :c body
to ce S n the atl.en e eval u ea,. e, g. er na scannlng or
ot ot PbneA S PRSI brparhstry M1l Sietioh rothE BTG IRy oas v
e]>c<posed sfutdre laird! Iﬂbﬂ]g))‘bloailemtahegeaéb&utghl& pé@&xﬁtsSarZ&Edt&c&ﬁrﬁahnambm t her apy
(0] t ventlo an rt conprise one or re C not | C
SpeniSs) R R Rt LR T GOTRTER SiEn D aB iy EREHa
concurr eabova(ﬂcmdlle&id’naﬁ"hﬂllthnt tafdenNgeneL edd @oduotsivtudior @emplarcaﬁb&appgéce
phar mace f or mu d colrgbé‘;bl(gh: Ve adm nistration in either order,

wher ei n E ¥ eérbg?ﬂ a4 ér a'fcgr °§ t fuEopsane, aRRsET Y BREY i ve agent s
si mul t aneomsiésy Bysercenindiich bidychmgles alsingdd éavly idiagsosistal beadhewabfdner apeut i ¢
agent, | fdlsg'acégs1 srl}!:hsésecgr?c%f lln ad(lIl ?l thé’prc?‘gqggs Q}‘ t?)grgf;)? c(:jan%te m%cr)xﬁorgc? more easily by
30 testing such body samples for mutant target genes or gene products.
Means for enriching a tissue preparation for tumor cells are known in the art. For
example, the tissue may be isolated from paraffin or cryostat sections. Cancer cells may also
be separated from ﬁormal cells by flow cytometry or laser capture microdissection. These, as

well as other techniques for separating tumor from normal cells, are well known in the art. If
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known therefor, or optionally | owered due to conbined action of the drugs
or negative side effects attributable to adm nistration of the

ant i net abebi2oa/shsaot her apeuti ¢ agent. Preparati on and @#gasiusgoisobssdul es for
such chenot herapeutic agents nmay be used accordi ng to manufacturers’
instructions or as determned enpirically by the skilled practitioner.
30Vari ous chenot herapeutic agents that can be conbi ned are di scl osed

herei n. Fornul ati ons, Dosages and Adm nistrations The therapeutic
agent s ughedumor tishe is gl corgaminated witlendrow heeliadetdetioof eufatiamdnadei ni stered in
a fashio o) gLt} for consideration
inthis @gget(gﬂcmltt %@f‘ou R&Rga%grf ti chﬁgkln%{;@gaﬁﬂdga%oggﬁ;\%q%l?eeat ed, the

parti cul aesitivgiiegative rrenlisgre kroamespme of Which lierdesraibedhenelnticlamn sk exdmeplé,ndi vi dual
patient, I£S5Qhd $h ent, the
met hod 1? tsmrhgﬁ'?gfﬂfﬁel %E&seﬁ rfglqscﬁgs Ufl ng ] (#n?a l%m('ﬁﬁglé(% r%% ?ﬁgﬁtloé)ﬁgo‘g’?ug drug

i nt er &ct tole asfociated vwgetrmrsomllbémtemmqﬁe@! a enespondieg ndraigk asHsorlvirewn t o

medi cal pragtitioners. Therapeutic fornulations are prepared using standard
met hods known in the art by 5mixing the .active ingredient having the
desired degr el seme pagtangey, thi ¢ancasgpeson does phtaverskprgisdupbdiy Hersapt abl e carriers,
exci pi ent)$er9{pre§§.§1b;nw z@&éer&]ﬁsmm&.Qg}lo&c%?grorgﬁ&sﬁuggsﬁ@y %lusﬁfges (201h
edition), A. Gennharo Fplnco I'T1a

Phi | adel pmreasedwls Of\erép‘tRmP'é oparcell ers viajap immurohistgchereistroassyu i@k s such as
phosppat mteﬁlhﬁ\real 6r ﬁaﬁ‘oﬂalnﬁsne%gﬁ\ﬂeagur@wveiu% ofl?egEMKédéﬁ%tn%cl'ei@%hH% fig ascorbic
acid; | ow nol ecul ar wei ght (I ess than about Or esi dues s(ﬁ)ol ypepti des;

pr ot ei ns celk aehviafuerescenhimsipihybridizajion &iISH: ¢ WORRIHIGYP ewhlishedOctabgtir ophi | i ¢
pol ymer s 15445 Noftfierd Blotvg¥ faYyntePdst glpar}{anea@l% R RGEARiqRUC thicR Ss Bhmhde,

gl utam ne, asparagines, arginine or |ysine, rmnosaccharl des, disacchari des,
and ot hequanaifbuhDER &R ESCRYAsIsi i G akays assaysmyrioy®in VYo ases #€ns: chel at i ng
agents syghiame (R é«.ne%ntwa%&maﬁer; q*apk)&nfpu@bneaﬁ Jmipsgetc@n s Withi® Bk le&Déﬂthe

salt-formng counterions such as sodi um noni oni ¢ surfactants 15
such las PHEENPRD amgm«hesmpﬂsvaﬂpme'ed W“had%?*?‘dﬁb?i’?'yeglﬁdﬁd‘mcé‘?%r ably, the

formul at I.s%p@ QRd Binﬂ§ng 3 b aﬁtme%tden@hltwe RGERRIPR Kakabd, e.gPbebasadll y sodium
chl oride, and preferabl %; at about physi ol ogi cal concentrations. Optl onal vy,

the for nﬁ?aatlmaffgrwoaswé a5 by ARdlynecadhonsy kel fiom a pRtsTHRICWKSI eiPPsFdaccept abl e
preser vatd #eantlfddpome. enbodi ments the preservative concentration ranges
fromO0.1 to 2.0% 20typically v/v. Suitable preservatives include those
known i n GemopiEnsHiedEsMEl arts. Benzyl al cohol, phenol, mcresol,

net hybpar abenthadehbiiafey ihBappbRne mi@tibh @afnemmd c&ﬁ&%@bﬁ@&ﬂ w@§. Optionally,
the fornmulations of the invention can inclu har maceutical |y acceptable

sur f act affengthesaneghitcagantisyt 1 ofFoppingd 6@3‘“?83‘0"0@}6‘2%‘@ ISR 9'on herei n may
al so contcahdirrtM a8mnfkaatidH) BsidCdepMfre CRANRRUGE oA S sINEIE PHFafaYeutical

formulation, and consecutive administration in either order, wherein preferably there is a time
period while both (or all) active agents simultaneously exert their biological activities.

25 The chemotherapeutic agent, if administered, is usually administered at dosages
known therefor, or optionally lowered due to combined action of the drugs or negative side
effects attributable to administration of the antimetabolite chemotherapeutic agent.
Preparation and dosing schedules for such chemotﬁerapeutic agents may be used according to
manufacturers' instructions or as determined empirically by the skilled practitioner.

30 Various chemotherapeutic agents that can be combined are disclosed herein.
Formulations, Dosages and Administrations

The therapeutic agents used in the invention will be formulated, 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 subject being treated,
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25for the particular indication being treated, preferably those with
conplenentary activities that do not adversely affect each other. Such
nol ecul eswane11zisoisabl y present in conbination in anmount ecrhmbolansssef f ecti ve
for the purpose intended. The active ingredients nmay al so be
entrapped in mcrocapsul e prepared, for exanple, by coacervation techniques
or by interfacial polynerization, for exanple, 30hydroxynethylcellul ose or
gel ati n-m crocapsul e and pol y- (et hyl met hacyl ate) m crocapsul e,
respect i thelclipical norgigtidnaif theelindividgpl palenty e yasy of thergis¢riior thexmqﬂdel,wehi gosones,
al bum n {F' %%&?leeel%& de(ﬂ‘l ?&P?sngllgnl e séhega no_oF%r}i lslraet he druar(liocapSul es) or
i n macroenufsi’ons ues cl ose gfon*s
Phar mac eintéracsibn Sthe ageets to Bfumrrd).lned and otheiSagb@iknexdn toehﬁiasalaprpcrtmpae*rat i ons may
be prepared. of sustain re tions include
sem per meabl eﬁ\%g%fa?lccgfgr%@% r{an'g? %r ush"&b%‘(r]!dm8 ﬁrr\égsslpn@gﬁt aﬁ‘nl ﬁg t he
antl bﬁ)dymmtlg thhaqtee mgo@senalnaamgnhetdwra‘dmegnee)bf mxhl@pem mttondlpbgs,lolegngally films,

m cro incl ude pol yesters,
hy dr ogel gc%?g%&ﬂleegaé%%}?é &%m?ﬁr s?ag)ﬁhzgra?ﬁemm Hﬁ’g%ﬁarﬁﬁacr gﬁ?%fleljces {)ﬁﬂ
pol y(vi nydiadry,idoh) Gignnprol %ﬂoacltlppie@tt( WllBamP&twllNos PBn,laTiE[Bh@,ll?%‘)), copol yners of
L- gl ut ami y - r I ene- vi nyl
acet at e, g“’gfi‘g% %pgrsl ‘39&‘?% aglag M‘\tf% P&casgggs&ﬂﬁg Cg @n%‘(ras sucr 43S the LUPRON
DEPOTTm g¢digy, agoaidhms nlcbldmspmw@csacubhp\omeldcmr weaght (lcss dwndbgity¢ol i c acid
copol, yme taf.e tyric acid.
Wi | ég fesﬂg%&(g%hggéssd@oﬁﬁggﬁ%hsterg‘\q}?aﬁb& i B'Eag? Dér @ﬂ%%@%@yam d-glycolic
aci d enabY@on’néalicemwe@ﬁsunlmasamﬂvwlﬁyaphdwaranﬁmoacwaysch as ghtme rglitgmdinegel s )
rel ease f r 0 ti bodi es
oy 1 R i B b TR R SR MR, RS LAl o 2c o
resul t ofnchidipesinceset marrmsespmeetral’s csé'l@mgraeym suchgs ERTA; duegsaloafnolbis@hogi cal

activity c YR Les can be
devi sed ??TE %sn'?[ g [ Is?ljgg%ll %ﬁr}g@g%é}m’ﬁg on(%tg ﬁm %g%%hgﬁfog&&ﬁ%ﬂ\%ﬂ?@gggior
exanpb e, such as RWEEYGY. PHAMR@OACHRctraliiGm i s di scovered to be internol ecul ar
S-S bond for Q i,0- g fi er t i.zation maybe
achi eved by %@503 )I ga?ﬁﬁ}ﬁ@g’rtﬁ? %r"ﬁtlél!m l?gg?ta B%Qﬁ Zi'n maﬁ %pmp tﬁ%‘?dl c

sol ut i onsalt, pn@felrabd)l sloriimlgw ¢hidriie,and pedmabdnat abos ph:gs cacmmaqunpametladdl tives, and

devel opi pg; r[%ﬁg'tfxé formfandit b ft'ﬂ?b"v!gﬁmﬁ%ﬂ’%ﬁlad OJ}\%Pna%Qm?u} heL Cp?a%‘?é“' c agents

of the inven n are adm ni stere I'n a rd with known
met hods, pesevrtias inspmavwbodiwerdsithe piesarvagive cmlcagraaorb@hgﬂs friom Gl tocliei nuous

i nf U§b0n gg\lcgfly GvP ?El'ta%g Qéseltv!atm%s HQMJdé &B&%U%ﬁ&ﬂ liﬁE PhdrBLJeQR&‘J 5&30'?3% |

i ntracer obrospi na gcut aneous, I ntra-articular, i ntrasynovial,
i nt r at heeladhol, cnhaiol nu-glpscdahethldparahmealnévioonlpar@bm@se prefiarredprodenativgsr at egy can

al so be %b%ﬁ&hail?rthé REH AR bEmEARLARATAPRASIudEK MY Refich Y £9LRsbid NVOl ve

transfecti
surfactant at a concentration of 0.005 to 0.02%.

The formulation herein may also contain more than one active compound as necessary
25  for the particular indication being treated, preferably those with complementary activities that
do not adversely affect each other. Such molecules are suitably present in combination in
amounts that are effective for the purpose intended.
The active ingredients may also be entrapped in microcapsule prepared, for example,
by coacervation techniques or by interfacial polymerization, for example,
30  hydroxymethylcellulose or gelatin-microcapsule and poly-(methylmethacylate) microcapsule,
respectively, in colloidal drug delivery systems (for example, liposomes, albumin
microspheres, microemulsions, nano-particles and nanocapsules) or in macroemulsions.

Such techniques are disclosed in Remington’s Pharmaceutical Sciences, supra.
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250r transducing cells obtained fromthe subject with a pol ynucl eotide
encodi ng a hepsin antagonist. The transfected or transduced cells are then
ret urned wo 20hi®se188j ect. The cells can be any of a w dePrcaruseoiofsisypes
including, without limtation, henopoietic cells (e.g., bone marrow cells,
macr ophages, nonocytes, dendritic cells, T cells, or B cells), fibroblasts,
epithelial cells, endothelial cells, keratinocytes, or muscle cells. 30For
exanple, if the hepsin antagonist is an antibody, the antibody is

adni ni st er ed Iptaimg-redense piopazatippamsy bé prepandi. 15gitade emmpleabf sustaipedit aneous,

i ntraper I [ ired for | ocal
| mrunos s aaarack b ARUUCRRRYeHne el BATEh oAb HER, i cr

i nf usi onsontaingthe antmori}a.rvﬂsduh%trlceswwtin the doroudS shapad prdiakes, ergi, dilms, or

i ntraper .t Lon qt.he anti body
IS sui tahﬂt‘ﬁ&ggﬁ‘ﬁﬁ %lrxg'% %%w%{fre%qlwnﬁ%@%%ﬁuggP ?lrél e%IS ﬂY Jro%\n S{(ﬁordecl i ni ng
dosesS of exallm)lian@lv@dd'slroxwaﬂemeémlcsylaltdieor@obf(wmg'lal@hgi))/ gﬂybytldem{léa&tﬁams most
preferab r b ] part on
Rhother N Bar o Southnfls ot RN ARC RN urk e B LW SERBRAL AL P2 e
hepsi n apthelgemyisyl acdatpolagrddable la@mamdgﬂ)@pbqjadd)@abll\/ylerseu@a,strtnylBtﬂOléct

I nj ecti opgpothe t ] and t he

i njections can gré’ur?%éég}gt& g(%g%g?sl%ggl:p 9&?B¥Qalfhfcmhég%3| ﬁg@%ﬁ] og)gkﬁ]leg?ndcan al so be
del i ver etpuprplideasptatg). [agd pddy-he)-Shipjrexstbutyric aldig. e%llypqlmtrheucmwhylcwl-l s, e.g.,
to albunpfnypi‘cetgtetam&wga% él?éolllg\%lﬁ]gna%l'érrakéﬁ@hf rﬁéﬁt’:lﬁés% &zfer Fd?) %%u In

order to pr event or ocal recurrence or netastasis. ni St ration
of the t pestatdwdrogels saiasg grofeins éursherisating neriadei Wakn wcmssuta@drame@dmt over a

10def i neghnfaidg tlféed’o'ci??orﬁaqéﬁq,rﬁeyth@} R4y Qechatulf]é)&’rr ggre & adbsu %%ogﬁngdqd' ng upon

t he conbi nati on sel ect Conbi nation t hera I nten dtoe race
adnmi ni st Peisfushat3f °G H@Qé‘ngﬁe&'&ﬁﬁaﬁbi@g&@bﬁwwﬁi andavossdd@dwnmlm manner, that is,

wher ei n ﬁ%hhorgaﬁa.@p%&.b&n AR es e ﬁeddzmeedsf*ofe;@ﬁn.ﬁt.o@de%bmuﬁ{mhet' e, as vel |

as adm nistration’of these therapeutic agents, or | east two of the
t her dpeutiecehapigrirw|vern For example dif the agargeapmmechapiem isdiseamered to be5The

t her apeuftGmaR&nir §§Bor@l@o%ﬁ' ’th%l?g’f\@fQO Q%ul&"h@mmn%Oé’lgtﬁllﬁlilolp)ﬁagbé ferent
routes. For exaerle he anti - %Q{S;n ant 1 bod y In e conbi nation my be

adni ni stéﬂihéfde%w mﬁ@lfyaﬂﬂéﬂghxdwlﬁf $chwpm?méframcaﬁ@mph'ép@spmrpﬂmagent in the

conbi nat HRIRIBYNRA:, a6l hRAdBLAs! dhd dld R Polyrth@maekarpl e, both of
t he therapeuti conagent gé%p;&pgle admlnlsst ered %lrmélasf) ; lyo ot ﬁn t herapeutic

agent s mBYMRNEILQERY ni st ered by intravenous i nj ectl on 20dependi ng on the

spechbi ¢ t herpRamdrigeu®IRAS of the GveR Y %F&%m‘nﬂsté’i’@d 0 Hufan bhehaReatsa agents
are adm ni stered also varies depending on the specific agents.

Dependi nYtBENPHEMENPS. Wislyasiatrareneup administation as 8 Helus onlpyoipntinuoys wfusipnt o 100

ng/ kg of oeneRedidiIrARRUSY Bir@g@RIal, Srt@dperitdhedll Rlra ABEYspiRkISsuBOS AR OF
adm nistration to the patient, whet her, for exanpl e, by one or nore

separ at e "WaRtrEd l"&faFHW¥'a' drrasealsrtli RigalsOr it gliprbioute. An ex vivo

strategy can also be used for therapeutic applications. Ex vivo strategies involve transfecting

25  ortransducing cells obtained from the subject with a polynucleotide encoding a hepsin
antagonist. The transfected or transduced cells are then returned to the subject. The cells can
be any of a wide range of types including, without limitation, hemopoietic cells (e.g., bone
marrow cells, macrophages, monocytes, dendritic cells, T cells, or B cells), fibroblasts,

- epithelial cells, endothelial cells, keratinocytes, or muscle cells.

30 For example, if the hepsin antagonist is an antibody, the antibody is administered by
any suitable means, including parenteral, subcutaneous, intraperitoneal, intrapulmonary, and
intranasal, and, if desired for local immunosuppressive treatment, intralesional
administration. Parenteral infusions include intramuscular, intravenous, intraarterial,

intraperitoneal, or subcutaneous administration. In addition, the antibody is suitably
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25typi cal daily dosage m ght range from about 1 pg/kg to about 100 ng/ kg or
nore, depending on the factors nentioned above. For repeated

adm ni st reDi2ongsorser several days or | onger, dependi ng eQTiUuse010088301 i On,
the treatnent is sustained until the cancer is treated, as neasured by the
met hods descri bed above. However, other dosage regi nens nmay be useful. The
present application contenplates adm nistration of the hepsin anti body by
gene 30t herapy. See, for exanple, WO96/07321 published March 14, 1996
concer ni adinistered b polte ipérsont freticajayly with gedlmingtdesds of tha @atiody.aPreferdblypodi es.
Articl esyof n,article of
manuf act u(regoc Fgﬁ’ !#ﬁﬁa{i‘eri a{)srs]s{fgg%ﬁﬁ‘%a‘%?lﬁg??llrbgl\gg&tob lrP'jef)t(rfflevenu on
and/ or ddepgnriing i9 paft op Wbewtrshﬂ@bnmstd@gmmlbbeﬁorablwe is provided. The article

of manufact ur .l ] i,nsgrt on , or
associ ated w ? ﬁg(?ﬁg e;((:o ?}ﬁg‘gggl '??éé)gﬁ&%g%n{"gf%g@hsﬁgﬁ%%ﬁy i %r éxarrpl e,
bott | &s, dmcainsctitmy,r\i/hegelse digirder ofTloeation nf the tvaros permjts yad therimfedions camba vari ety
of materj g sition
i on 1 sy IRER R RS Rerh oBla Btk Can oftd e SR A1 Mo BB, L P Ve
for treaerdiggetlypto ghegnmpmagliaied, &o a timeg postumgr bdddoloying iurgxml_aa:mlsmmasyc have a
sterile AEGRRS. R Qhder bl MlveiAMRE: bOSEOMRL BEheRKisDE an i nt ravenous

sol ution bag or a vial having a stopper pierceable by a hypodernic

i nj ection neeﬁdrel)nstrmonIOéa@tthe@aveuteccﬂgmﬁemag@hmamw typieallyongrorsgdtaubever 8 an

ant i bgdy I I t hat the
corpogi el e pSTLA mHIR s R e o e b R o cer
Mor eover selacted). 1Qumbtinagion tl@fapmnutp@gtgﬂmgnm adoinitiatien ‘(fabesathﬁiapgﬁlccont ai ner
Wi th a COBRRS) & {Rr@hHBe that BlRhdh clth HeRbBu ke WTRARILLARaGOTPY [ SCS an
anti body of the i'nvention; d (b) second contaliner wth a conposition
cont ai nediffefsat téng as Wh‘éiiseﬁldm"!lﬁ@tle'@)ﬁfbb@P theranewtspperits esatdeapiiwveleéthecyt ot oxi ¢
agent . Tﬁx‘é‘raﬁé&l'c%!g@\tsofn J%Béﬁrﬁ‘iﬁﬁﬂnﬁnultz{heédg'n%nﬁ&bOd' ment of the invention may
further conprise a package insert indicating that the first and second
anti bddy conpbwsithdranguticagantisan bsagsuipistersd by hgtsame foaterar by didfereabiotiiesi on, e. g.,
cancer. AL&KLARE 't}{eeén\(nuhe%n QﬂﬁJoH%fmﬁé do¥hbirallén ALY b&écﬁmﬁ’i@ten@&@&'f acture may
further conprise a second (or t cont ai ner” conprisin

phar maceuﬁrnawpwnﬁ@twmlals|aéhmﬁth@?peutmghnta3ths&embwtwtr%ﬁw vvat er for

i nj ecti 0angﬁl%@d’oréﬁi‘omﬁra@veh&“ffgr%ﬁﬁgp@%bﬂh%@the@\é?ﬂﬁﬁncsag%ﬁg H¢a¥9@ and dextrose
solution. It may fufther include other materials desirable froma

commer ci admigisieradesilyseretiyberareutic sgents d1an §e adrpigisterrgrby dpteavennyg inisslon s |

filteps, qoRREKESH th@gﬁcﬁ'ﬁérﬂﬁe‘?&%ﬁxc agents. Thd SRQuéRE iPWhiBDtha kiR rHX@FRkERs of the

met hods and conpositions the invention. It is understood that various
ot her enPEarRBYRGCd3sP ‘Bé'equ’ea%‘tdi"lﬁé’@ theyipgadfic #8§BtSgener al descri ption provi ded
above. Depending on the type and severity of the disease, about 1 pg/kg to 100 mg/kg of

each therapeutic agent is an initial candidate dosage for administration to the patient,
whether, for example, by one or more separate administrations, or by continuous infusion. A
25  typical daily dosage might range from about 1 pg/kg to about 100 mg/kg or more, dependir{g
on the factors mentioned above. For repeated administrations over several days or longer,
depending on the condition, the treatment is sustained until the cancer is treated, as measured
by the methods described above. However, other dosage regimens may be useful.
The present application contemplates administration of the hepsin antibody by gene
30 therapy. See, for example, W096/07321 published March 14, 1996 concerning the use of
gene therapy to generate intracellular antibodies.
Articles of Manufacture
In another aspect of the invention, an article of manufacture containing materials

useful for the treatment, prevention and/or diagnosis of the disorders described above is
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EXAMPLES 25 Materials and Met hods Reagents and proteins: The
synthetic para-nitroanilide substrates S2765 (= D aPharma FXa substrate),
S2266, SAR62911BRB6BE, S2444 were from D aPharma (West che®rens2@ios3sehr onozym
TH from Roche Diagnostics (Indianapolis, IN, Spectrozynme fl Xa(r) (#299)

and Spectrozyne(r) FVIila from Areri can Di agnostica 30(G eenw ch, CT).

3, 4-di chl oro-isocoumarin, BSA and Tween-20 were from Si gma- Al dri ch.

Plasm n and factor Xla were from Haematol ogi ¢ Technol ogi es Inc. (Essex
Junct i onprovifiyd. Biealstrﬁﬂﬁ K andnplectaiercompuses €adiiainar landra (abel of phdkage i@&)t,onFact or VI |
and Fact gr asggcla?ed g&ﬁ%ﬂ? %ﬁ@l@lr te( r?‘é?wngl e?(g’ex%rhgle bld{t@gl e-type

pl asm nogen act| vat or A rrer| can agnos uPA from

Fi t zger adyiinBesderst Flheegontainers ﬂQ@dmfmmtd frivi)a vaRety of mmenalmsmss ElmmrM | lipore
(Tenecul Plas tfArhe é‘l%@a’?ﬁe‘? héll&j ositiBh M]QL?S ltsgﬁ&a\p@h%bm?ﬁlg&& o?he?r owt h .
factor actl vat or - Hepat ocyte gro factor he Kunitz
domai b i ﬁm’lmmem(S)lef’("eP@Dr)fOIdeqatI%drewrrbm rEAx-diaghesting the cond(tignand hayand HAl - 2
wer e recpiii,Nantl ¥ § sly
T s e e e e T e e Y e
et al., Q'GUBVlnB’ééK)PEQT pa:rceablgbmhy;@ﬁcnmneweaﬂlon ne@tj%y\t least anonttivelageant i bodi es
we used gkl edifffibiRR aRbnd B 6FADAD ﬁb%ﬁen &@97 kdgd G2 d by
ant i body phai;e |slp a; né@sant eqn% g &c Agg soR rggc%%Eﬂ.kﬁs K07
hel per phagempgsionioyse tr%@gmommr&ﬁfrhmmw@@ﬁpancmmmvat,éls: 10 pl ates
wereléromluélogﬁandﬂéwﬁe Ha; @maﬁsemqlﬁr&'é@rnﬁﬁw h%,cohbbs.tlwaﬁaﬁ\@&is( r) Mone
Streptavidin was from | nvitrogen (Carl CA) .

5, 5' - Tet tharety WheredheqoaipaglioRempt iR aw&Oépoag@vgungwéﬁ@ aggernfir om

Ki r kegaagcheang wRﬁrarcxmF@swn%%ln@@meﬂemcwhé}@uwe/éwngm &%mﬁhgeﬁawefi' n vere
from Pi erce Biotechno 3{ C oni ng, Expression Purification of

Pr ost asi f¥tolrHe agopt. r Beartdld ofmagufesture lbfhl%WOd%"hﬂfﬁ%mmr@@ﬂ g9y further

(Al a33- Leyidgisd a PAKkBQihdagt 1%1&1&1@&@3 Mkirst Jlrf'ilgeéoﬁgar‘{i’ﬁr%d§e ﬁ%@ﬁs 45y the
bacul ovi rus expression systemwth T. ni cel Af ter hour 1 ncubati on,

t he ddpebsvdfalinat pparticiaceadivien, aadcatlmaﬁétammmm addiiongllyeithe avsisleapd anti - Fl ag

M2 anti b&dawm&%?mbmpé@wmnd (Im.r@%&qmw&hﬁ;n@l s eluted with 100
MM glycine, pH 3.0 and inmedjately neutralized with Tris pH 8.0. The

obt ai nedwaaflw‘w@mblﬁbe&rasslpfhawbastewainv&'@@dfqm"vwlom@% onbi nant

Mat ri pt apiRspatd AATEIRRRMR! RinBErS sbRfion fhd iRk Se sAMRINC A th/ furthdiSncifiti vat ed
t wo- chai n prostasm was tpurlfled by renoving the (Hi s)8-tagged ("Hi s8"

di scl osefthgignatgrials desifgble fey a peppmerpiaband usst sgndgointrincledingother YL asi n was

further @mehfslmgrgoyeealeg%@g}ql,%g on chromat ogr aphy using a S-200 col um.
Cl oni ng, Expression, and Puri |cat| on of npuse Hepsin: The extracellul ar

domain 25 of hefgll %E&@'C ﬁ’éﬁﬂgﬂ ﬁﬁ 0 ,ﬂzpﬁl06§ yulcgmpositions of the invention. It is )

har bor i ngndrsteot @falii ks biherdnbddiniets 8P be pRaekhelSiivid thd @ nBardes@ipibn!s
expression systemwith T. ni cells, under simlar conditions as human
hepsin (RBYY Fn‘f ovy| ., 2006). After 72 hour incubation, the supernatant was
harvest ed and cl eared nedi um was | oad[%? ]iglﬁ, Ni - NTA col um (Q agen), which
was pre-equilibrated with a buffer co A 50 mM Tris-HCl, pH 8.0, 300
mM Nagl . N;gn«;,agq;,;ggk%gg ein was eluted with a 30 buffer containing 50 nM .
Tris-HC, pH 8.0, 300 mM NaCl and 250mM i'm dazol e. Cl oni ng,

expr essi on ari&eapﬁnts R prateips: oFhersgethetisipamrmitraviitide subskatst SA26% Gbi nant MSP was
expresse@.apnarﬁ;lalwmebsmts%w%m $8k6, Sadn \Qe%ﬁfo;nwm(a I et al., 1997).

KD | was expressed and purified as describ la et al., 2005).
(Westchester, OH), Chromozym TH from Roche Dlagnostlcs (Indianapolis, IN)

Spectrozyme f1Xa® (#299) and Spectrozyme® FVIla from American Diagnostica
30  (Greenwich, CT). 3,4-dichloro-isocoumarin, BSA and Tween-20 were from Sigma-Aldrich.
Plasmin and factor XIa were from Haematologic Technologies Inc. (Essex Junction,
VT), plasma kallikrein from Calbiochem (La Jolla, CA), Factor VII and Factor XIla from

Enzyme Research (South Bend, IN), urokinase-type plasminogen activator (uPA) from
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Li brary construction for Fab phage display: The library, designated as YSGX
| ibrary, was constructed as previously described using a phagemd for

Fab- phagewdi2eplay18§pF1359) (Lib D in (Fe!louse et al., 200A)Sp0o10/Hb3591
diversity of the library is around 2 x 1010 . Sel ection and
characterization of phage displayed anti-hepsin Fabs : For phage 5 display
experinents, we used biotinylated hepsin (=biotin-hepsin) and biotinylated
hepsin in conplex with 3,4-dichloro-isocoumarin (DCl) (=biotin-hepsin:Dd).
Hepsi n \/vaglebc:mtDlmgrioaioenbrwPAsﬁomgFiBlgérhkj-IMdSmbOnBi(Goﬂcmd;MA)( Ratdangiein Cat al og
#21327) o 0 iotinylated
hepsin mgg?ﬁé;ggﬂ F '(S’B%é?%ﬁéz;ctl%i (&)H ?feﬂ g@&%@cﬁfa{r@&%‘? exar%pS'n Le E’%¥t?on with 100
1.t M DCl gamth fagtonastinateri (MGF@)ImD-éaemcyts@mhnfalcm (pmumFt)nhrgKurm(z dewbimequent

panni ng ' XPenI m nut e
Exposur e BIth BBy ds i HiorP A ERBA. Mt 17bad HRPERR S PRl 1 Vi Ey i
enzynfit i exra@s@yﬂsdwmﬁrd@?l@@riwbmwgrsle (Klidmot”ehaall;l‘(wﬁ Irimhhdfeoét apanni ng, 10
ytg of bhgisl t W YSGX
/i B ary 2905 Pt e ol Mordh &l 100 cB, HA 102, SpFULAR, AP k), T e
absence antibpdiesenused aiti-HOF AgtaoDRG (Fa@@péztbﬁﬂ\f@b% 1gGE) ghag@dtbbrat bound 15
to the t 5 100121 Dynabeads(r) MyOne
Strept av?ﬁ %By P‘?ﬁg %‘ chaﬂ%%ggtva\ész ut e al%w]]& 1 MHCL, imediately
neut ralized :Mdi3 K@ nhedpep Iphdge ebst foink dlevngnaland &mlabsdamxipcvrptimmhom&ﬂhu et

., 1400 R . B AN ) N o [0 1 or
b| ot |]§ hg%tsels n&é}{p Mm}/gsﬁ?%égﬂ%l%%ebﬁﬂ%\%g%? ge.“;lf”%’f &Jhpq)?)%’?%g{%% e'l'egt 4C for
1.5 hour Stregitavidintwagrfrem tlhvirogenp(@aridiad, €43 pbet i VBiEetram¢thylhiengjding/Ha@2 bound to
biotin-h Wt h
Vai sor p| alRap] aree PRURAIS BRI odth Rty bl e Rt G,
(al t er nathd/&roptapidingase rpmlﬂmgﬁ)BlamhbeO@E,He@ vm th bl ocking buffer (PBS,
0. 5% W V) BSA}toniig! Btprbdsit, s.mlﬂq%cqf.oésfmgtagn Tﬁmg&e sledocmﬂmﬁed from
i ndi vi dual cl ones grown ormat and the culture supernatants
wer e 18i | heragn pmte%m it rIFPUB%ShaFUJf@%a( f-terminal Bl tag) “@%e((nressed/)lsnmvé@q 20 (PBT
buffer). pdvHid & %Pegs i @gl%m véith BUYRENR2A RGNS nGT ifcubé bg'ltee.sgpefn%anf]-wgbour with
bi otin-hepsin or biotin-hepsin:DC that was |mmi) I ze
Neut r avi Brmestedaandorlaedl medipm\pasi loaded anrmmipﬂas &2 anlibdy-agarese qolumires wer e
washed sigighl)Mfe Wold F8Rin Q/agg%e(ivw{th \{bo Wmaeilyal, OHT3 BulhfiGhineafadly ncubat ed
30 mnutes with horseradi sh peroxi dase anti-ML3 anti body conj ugat e
(1: 5000 aeyuigtizedryithn Moigs pid Bilehe TW%H"@(E‘P%F)" forphef pspsiasiswasechvaidond si x
timesgw H@orﬁ)ﬂ_mmfnfa?rfptﬁggt %%Q@nﬁ@l‘aﬁne RBFT6 ho® HRMGHAPEH adiRhted BvdlHinM T h

3,3 ,5,5 -tetranet hyl - benzi di ne/ H202 peroxi dase substrate (Kirkegaard &

Perry LaBi9piatiomesgyrified hyiemeringihe iHis)sdaaged € btz slirglosasisasrSRQ B NReaur ed

spect r ophatrpmss rdcal N-NatA A0t Prostasin wdd Firig} Supdtdt byPRBgRxaNIRLt i tion
ELI SA was used to identify the phage-displayed Fabs that binds to the sane
epi t ope SHOREBEPPINMIEREE SKEIP BIUAts. | ndi vi dual cl ones grown in 96-wel |

format and t helonilg} Ef;ﬁeﬁmeﬁﬂlﬁpﬁlﬁﬁ&tlw B?mqhgelﬁ&lﬂmf I MRfeQirsteiiNaBhabuf f er
wi th_or without 200 nM KRL apg incubated wi th bjotin-Hepsin that was

i moBP | i 2bte SRPUSNBISINAT P 'Fr°c odrenringa Grsrminptis 435 Was swptratsg uang dhq NUNC)

for 1 hobiculolhes @lpadsSomagstanaSiadr. aﬁ@eﬂshﬁn&@@ﬁﬂlapmaﬂﬁtldmsasdﬂin@ﬁith@[ﬁ rby
anti - ML3- HRP as descri bed above. For each clone, the ratio of A450 in

absence V&N ihaly 2000 Adtehf2 Doy ingubrisn) thResuperagtent ws darvesisd and dJeased wit h t he

rS at |h 0 lovaredlamwSeoaaw&i ﬂEi—Hd‘A&%ngﬁlr(gﬁégbﬁbgwﬁ@h wepﬁlemlilwateemé?_]?gﬁf@ﬁ EDIKDI
uch clones vere syb ct to a age coppetition wi t

i n whi chSYtayps 22 "&ﬁﬁéﬁﬂt P'gtsi'%ﬁgé) I\k%%c?s?‘érbt"u?q IfebRY elyted Wilbg g

di | uBd onpuff@sontsigidg 5O mdo THSHEWH 810,306 68 NaC Bk 2y@dMAaidapaiend to Hepsi n.

Anti -hepsin Fgp25 and | g&5 ex ressb}n and _purification: Gener al |

throughout t hF'e™88p| FPECHGR, 2Pfie PPHECAEP MOt FEAMPHERY BISK sa'lﬂ’esKBX‘at ed with
prefi x AReantbitaheMBEakvab @fqm:s@éd arghileedam&er Gvatesdllg ﬁﬁﬂ&drant(lWaﬁl’ afal.x Fab. A

b oS! I RS BISER L JRBRR ooz d gene  on the
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transfornmed into E. Coli. strain 34B8. The single colony was grown
overnight at 37Cin 30 mM LB nedium supplenmented with 50 jig/nl of

Car beni ciwonoiiisossn of the culture was inocul ated i nt @cPB20m0/08d59Conpl et e
CRAP nedium(to nake 1 liter: 3.57g (NH4)2SO4, 0.71g NaCitrate-2H20,
1.07g KC1, 5.36g Yeast Extract, 5.36g Hycase SF. Add up to 872nil

20dei oni zed water. Adjust pHwth KOH to 7.3. Autoclave. Cool to 55C and
add 110m. 1M MOPS pH 7.3, 11nml 50% A ucose and 7ml 1M MygSO4) suppl enent ed
wi th Car beni chibrary (CQOSmuq'tigil fa) Famghggeodisplay: 30€ lfbeary,2dbsigoateds as YREXFab25
protein VP i . sin. alabedomaln of
| i ght ch%r a'r‘y c{)args\%ac chgﬁﬁ*}geﬁﬁ&ﬂ%& ?:gﬁ er\?\‘/&'adrg ?‘]aé e 45

pRK5- bas &f 1 pi% b & rw(lfehlomwaai RD@Y Tohdiversinroftiedibyarg aroung Buatdry. IgGl)
constant do r I (CHO)
ol s The | Qs 8 abd BASEehn R yhEhibflayed SRR TRREL CYThLe

chr orfit ogiselphgxpenenisyate usedbistigydated hepsis mlwet-hetpsmhbsltm@ttremedﬁam;n | g&25,

cont rggrfﬁ'@dgg&.tﬁ%td&)@imé g&owaﬁ%ﬂgﬁfﬁ& %g m@g Es.,(évﬁg‘ryl)@%i%g"ﬁ“ and

NaCl, 5 hMueag:JSElfoﬂf@ib,@ ‘Bmttnoht Xig10@) Coftaleg #Z)IWhacaprdumm memfetaeriy e, For
ex per i e
n,géucmﬁs s@m oﬂehsmo%guﬁﬂspgwgs Qed@%ég %9&9@@5 T’LDBMH{@&” 2765

i ncubated wt I n Hepes er contai ni ng
was addeby (lﬂquh@tioncwﬁbelrﬂ()r aM Blodnd0bp maiptaining thise DIGI newarentratians durfing he

i ncr @@Sesdb@e@@ﬁq{apﬁﬂg%xﬁénme%g5 PRE? ggo@ﬁmmg \gm, %gkﬂsnmdcmm sr&p#nﬂ@?e reader

(Versamax I ecul ar " Devi ces, Sunn ta were expresse
fracti oneipostg Phdersit foy 2850 (WM /RO)) ccamuetcﬂy tmlebttesidweasm cativipyamagreymatic

regre I ¢

So?t w:t?:a%gt owggltesezf;lrsé %\dg&‘ﬁg F?%g]g%élﬁﬁgglog%g'ﬁﬁ‘gé %atﬁe "é]?/eg)sm%[%g%yof t hree
i ndependmin@@evasrimmbsted NiitaPFhl\YﬁG)@hbchan tlﬁaioﬁtb'fnaatwnlqcs%l mtal cul at ed
Vorr | soBe S s Hahind BedeoPRahdSh i@l HEN tesBhGh Do BR R bl WiV ™| o1

(Morrison, 1Vero et 0 eC|f|C|ty,
a pangl Gofth@tatg‘eywm daﬂ'tlutek‘lefonslérmmaespwm Has;eﬂ)w\eweeds@myb)aé Stleptdviidin. 1THeM Fab25

for 40 n pria hr onoge bstra S, were

added arrlho‘i"ﬂephlaﬁ?é"ﬁ? ?'tgf&fﬂ\gpﬁ{:\cr@% 'aﬁeﬁ( &%’gﬁgﬁan‘ﬁ‘g éf" A8 ﬁ?ﬂ measur ed
100n a kidetving the srmpddamocroeesimu etIhEZOO@)ﬂE@H\tthaTschrﬁtBronld pasldengyse and the
chromogeni ¢ substrate used were as follows: 1 nM Hepsin - 0.5 nM S2765, 0.5

nM mat ri pragaersingprigigrhgpsig HCI svap Mephatrdpigh 400 Pld’meﬁM'@Zl’}hB%e AR GNPl asmin -

2M5 Sr2ﬂi\’>/|6 g? 3 Q@tﬁrs %lm%tgﬂr e ObE}J]\}I 'd@l eﬂe%ectg/e%l i ﬁ?a%@ §1at Qmﬁtd '?(M)E)ﬁﬁ thgd's;rxl a- 0.5

mar ag8i not blet"zhwns}?@lctvamgptmgi fvv|1|5anm!m9s mmhllﬂammlmmnww @P&EY ozynee
FVI 1 a. D@aa@edemeN%mpmaﬁe& s@éptw.aﬁtca@aﬁdtw ?%meﬂ%ﬁ[wg} ?ﬁbélééﬁ)w;?rﬁd wer e

t he average SD of e}%en dent e;h%erl men ane comercially

avai | abl bloghipe %‘lfﬁsﬂ’rl-’agt Qé AV B84 ﬁVPrOUAngofrselsé;tMephaaervereu:s@hrcho exani ne

hepsi n i Rbkkhdiliaih Q)bnEsaQ%% il 1968veR YR Qﬁcﬁt?le \eﬁllflﬁe %zﬁétan§2%$cﬁdlll§gd288
S2366, S2444, Chr onzym Spectrozyne fi Xa and Spectrozyne FVlla. The
assay Waglreefold in PBS, 0.5% (w / v) BSA, 0.1% (v'/ v) Tween 20 (PBT buffer). The diluted phage

25  supernatants were incubated for 1 hour with biotin-hepsin or biotin-hepsin:DCI that was
immobilized on Neutravidin-coated 384-well Maxisorp Immunoplates (NUNC). The plates
were washed six times with PBS, 0.05% (v / v) Tween 20 (PT buffer) and incubated 30
minutes with horseradish peroxidase / anti-M13 antibody conjugate (1:5000 dilution in PBT
buffer) (Pharmacia). The plates were washed six times with PT buffer and twice with PBS,
30 developed for 15 min with 3,3°,55-tetramethyl-benzidine/H,O, peroxidase substrate
(Kirkegaard & Perry Laboratories), quenched with 1.0 M H3PO,4 and absorption measured

spectrophotometrically at 450 nm.
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20carried out as described above, except that the concentration of Fab25
and control Fab were fixed at 100 nM The concentrati on of substrates was
0.5 mM TWe 2datEoser e expressed as per cent inhibition etTaskeliosssved
activity (no Fab) and are the average SD of four independent experinents.
Enzymati c assays with macronol ecul ar substrates: To nmeasure hepsin-nedi at ed
25pr o- uPA activation, Fab25 was serially diluted in HBSA buffer (20 nmM
Hepes, pH 7.5, 150 nM NaCl, 5 mM Cad 2, 0.5ng/ nm BSA) and incubated with
hepsin for 3% mhgleipbuntmalget@mWﬁtimEllnléA »ﬂ'dseseelnawmﬁymherp&agrtdimamS started
by addit| 0 PA. Th n e UPA in the .
react on AR PEE T md WP RERRh Mk KRl POMR SRS EoME | D er'va s,
50 t1 al Pewell ﬁormetraadttheamﬁﬁrelsummataotsazve%dnlmldlﬁvpﬁoatne PBGrWﬁferrmtigodSOlAl [ wel |

of the 30%&9&2?&%‘%%1 m]inc%bé(tgp%tlg%tl ﬁfés?n th d“C,iI tlr(%gblplzed82444 (0.5 m) the
linear rates o ncrease I n Sorbance at 405 nm was neasured on a

ki netbc hfemrfnpdina-tceatecbmalewell Maxlsprp\bmeurwpbteesrséucaﬁnﬂ thaart iToralateevasy me
activity &% AN r r fitting

o ogr am (PGNP Bl bR Bl 8 A AEBRE s SSEIRIOGRITIEAG | |
activati olnmash;agim ofifepsn absvres overdubmtenck ofi200 nMaKD b wey cabatatqdoAn¥ab for 5 min
i n Hepes f l g in the
reacti onc@l}’g)(stvﬁ{hetpméﬁégv gq’vek;l %@%g%rﬁé gg%g&m (#:thgl %ﬁp@]‘(‘:’?‘f\]}f f%%:itg%lﬁ 1. After
0.5 h andlogeshverawiisated tre detailsd phagaFonpetition BllSe witkieR | .dmdhizhalsgreed by

SDS—P GE e der uci nd, G ons. Gels
wer e é\t alccg]né:an% t/?rﬂ @SBFGEaglngomrl(ﬁtl\?\{\} %e glcpl)u 1onq was useﬁ(?o gom;%r O&glrdﬂol{a ~ ytic

pr ocessi dgplayedfFab B&unidyo He;pmt n : Fab25 (SQM vvas |ncubat ed with 10 nM hepsin

for 24 h at r 1.hd her uf er 0 s pH 6.0,
150 mM NaCl ) ‘g‘r‘“ ﬁpsnmﬁaba‘% Iﬁﬁﬁe’ﬁp"{s%“ﬁ%}* aH E "é% Q‘i%“(% bl M NaCl) .
The reac th:mpplnmmtth’qjlgécfodnyoﬁdnebm% i dmgnn‘tedZ\@ﬂLpreﬁx Bb(amauhp Fab fouhf er

(wi th/w top an%)odsf 2571S (rj%% atgé B'%Pn h% 1X F?itba& go@%c{gﬁ@«ag ntrggl%ﬁ{i géz%g n\%}l%;‘u es.

Prot eol ysi s wa
pol ydér yhmdbangarwcgeem oy the pbagmnrbdlcvdlmmhéjﬁahiésﬁleeesbhingIph&wtnidawse

Cell 'm gr ats'{o?:rr}ll pat %%stfalnn}%ogsle sin ?escso?%g v\\%grgreo eorv];lﬁrgg?gt 39 Cxlleﬁ)cr | bed

pr evi ousl 9 m pore si ze
Fl uor oBI (ﬂkmwumahﬂp&nﬁﬂtp@@ith S0 mwm&rbﬁﬁdlkﬁm@%,ml%dfemnhlne . The
underside of the filter

re co it re reated rat
| ami ni n (PPYlAtSd Ipf9 5OOL"éilrfﬁr‘if’rﬁp'\'7’\}<'§’15CIgl HB??E)‘H? Ea "\Rﬁ? hH 35567 ﬁ%g}{c}f‘ﬁec%‘m nFab25
conpl ex or71 QN@ﬁﬂ)ﬂaﬁbﬂ{zbﬁf geg ledlh ,S3bg Neabslb‘B)ktuizt , 01364 RRGke SF/eﬂrdalluyhb 8#mi4C.
| nserts vvere t hen cked w th superbl oc 45 human,
pr ost?8t e JBIANE VAR 1"3‘ ?/F/é’tl"ew‘f'WBE‘ltE??eﬁ“m? %‘éeug ‘gﬁ‘bléﬁc apd §‘g¢]{fr9¥’w&’e medi um
washed twiGEs pvi 7R, smmm/ofcmea)ssre.di uﬂnlwn@s@%ebdlane(nz& Wit arbeigis@eded i n
t he upper chanber of inser After 5 hour incubatjon in 5% CO2 and 37C,

cells reM“H?ﬁth‘%ﬁéOLbe’é?“f‘?‘}’% die fighle petsin paypusified Yeing PYteifsh ng a cott on
swab and égqgse QRerts were gently washed W|th PBS. Those cells that mgrated
to the | ower chanmber were fixed with 500 of Methanol for 30 mnutes, air

dried for 20 Hievagnble deradinatlight ehpinstyd h@%}vyﬁhal&e@w sdscisddiabs verRglopshgen,
Car | sad,intCApRKS baskd plEsmk @igh hulhg ll@h@hﬂn‘éﬁﬁeazﬁmmdmw e 1P&asand t he

fl uorescence was neasured in a EI ate reader l1_)lect Mb,
domain for transient expression in Chinese hamster ovary (CHO) cells. The 1gG25 protein

was purified by use of protein A agarose chromatography.
Enzymatic assays with synthetic substrates: Fab25, IgG25, control Fab, or control
IgG were incubated with hepsin (1 nM for human and 2 nM for mouse hepsin) in Hepes
30  buffer (20 mM Hepes, pH 7.5, 150 mM NaCl, S mM CacCl,, 0.01% Triton X-100) for 40 min
‘ at room temperature. For experiments with 3,4-dichloro-isocoumarin (DCI), hepsin (1 nM)
was incubated with DCI in Hepes buffer containing 0.5 % DMSO for 40 min. S2765 was

added (final concentration of 0.2 mM) and the linear rates of the increase in absorbance at
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Mol ecul ar Devi ces, Sunnyval e, CA) using an excitation wavel ength of 485 nm
and em ssi on wavel ength of 555 nm Subsequently, the plates were i mged

wi th an iwoeentidorsscr oscope (I X81, O ynpus) connected teca/uSSDoomsssera Wt h
a 10x objective. Fab25 binding to hepsin: An Cctet-RED system equi pped with
streptavi din SBC 30bi osensor tips was purchased from ForteBio (Menl o Park,
CA). Prior to the start of the experinent, the sensor tips were pre-wet for
15 minutes at 25C in a buffer containing 50mM Hepes pH 7.5, 150nmM NaCl and
0. 05% t Wé@rpnp MeasBiedton pkiinetie thidnenasé reader (BerpaanilYlolemdardgyicas, Sdnrymalt.o t he
streptav ti 001 sensors
wer e brlg w) a\?\aZ\g 2 Jl&g%dﬁe}s?? or %‘gl?egwlﬁéaaCﬁgH&/V°g%ﬁﬁnﬁ&?%gfoﬁgygsr%%%%e wel | s
cont ai ni rvgresfamr\(ezitﬁmﬂ progremi(Khleidagraphi \omsignt hbtSynerey Softw@O)0n Myteraniak buf f er
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gel) (I ngtisrsoﬂﬁ‘ﬂyupﬁaféﬂﬁ\ﬁ‘szmg 5 fNI nf¥Epin 230, %W%&E@oz&ﬁe@ﬁﬁ% fd ,l,ms
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serum fr ey RRM o484} NedbdsBRE3 RSt BiRliREnE t her al one or with
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nM - 0. 15 nM 4 Ransée cdaliypvpilabls A0 Anpstiatass Bk hayme @iPd urg sesidue.3vees prior to

addi ti onuQf 1o d@hideHepdiR hhWidnlBFFalB5THe dabiiates wikd €376 2UbGIShogs, for 3 h at
37C aliquots were renoved and anal yzed_ by SDS- PAGE &V,IZO% gradl ent gel)
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TeASUr eMEnt S T & PEL ored on 8 BLAcOr e M. 3000, nstrument (CF pealth Care,
per cent inhibition of uninhibited activity (no Fab) and are the average + SD of four
independent experiments. )

Enzymatic assays with macromolecular substrates: To measure hepsin-mediated
25  pro-uPA activation, Fab25 was serially diluted in HBSA buffer (20 mM Hepes, pH 7.5, 150
nM NaCl, 5 mM CaCl,, 0.5mg/ml BSA) and incubated with hepsin for 35 min at room
temperature. The enzymatic reaction was started by addition of pro-uPA. The concentrations
of hepsin and pro-uPA in the reaction mixture were 0.5 nM and 100 nM, respectively. At 45
sec intervals, 50 ul aliquots were transferred to a 96-well plate containing 150 ul/well of the
30  stop reagent HAI-2 (667 nM). After addition of S2444 (0.5 mM) the linear rates of the
increase in absorbance at 405 nm was measured on a kinetic microplate reader. Data were

expressed as fractional enzyme activity (vi/v,) and fitted to a four parameter regression curve

fitting program (Kaleidagraph) to determine the ICsp values.
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NJ) to determne binding affinity of the Ab25. Rabbit anti-human 1gG were
chemcally immobilized (am ne coupling) on CVb bi osensor chips and Ab25 was
capt ur ed wo 2givsomppr oxi mately 350 response units (RU). PEoruskemnmsises
measurenents, two-fold serial dilutions of active hepsin (I nMto 500 nM
were injected in HBS-P buffer at 25C with a flow rate of 30301_11/m n.
Associ ation rates (ka) and dissociation rates (kd) were obtained by using a
si npl e one-to-one Langmuir bindi ng nodel (Bl A-Evaluation) and the
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Fab25 binding to hepsin: An Octet-RED system equipped with streptavidin SBC
30  biosensor tips was purchased from ForteBio (Menlo Park, CA). Prior to the start of the
experiment, the sensor tips were pre-wet for 15 minutes at 25°C in a buffer containing SOmM
Hepes pH 7.5, 150mM NaCl and 0.05% tween-20. Biotinylated hepsin (7.5 pg/ml) was

captured on to the streptavidin sensor for 5 minutes with agitation at 1000 rpm. The sensors
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Spraggon et al., 2009; WIlken et al.; 2004). Only the apo-structures

reveal ed such unusual |oop confornations, whereas the co-crystal structures
wi th an awoi20m/60188 | nhi bi tor showed properly fornmed acPrCras0es3sINDSt
likely due to stabilizing forces applied by the inhibitor (Arni et al.,
1994; Shia et al., 2005; Spraggon et al., 2009). The hepsin apo-structure

i s 5unknown and all published hepsin structures are co-crystal structures
with an active site inhibitor (Herter et al., 2005, Sonpbza et al.,
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Fab 25 inhibite n and nmouse hepsin activity in a

concent rﬁ’fﬁoé'r‘fefﬂg)ﬁéﬁ' AY" manner, reaching conplete inhibition at the highest
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Carlsbad, CA) followed by exposure to X-ray films.
Binding of Ab25 to hepsin by surface plasmon resonance: Surface plasmon
25  resonance measurements were performed on a BIAcore™-3000 instrument (GE Health Care,
NJ) to determine binding affinity of the Ab25. Rabbit anti-human IgG were chemically
immobilized (amine coupling) on CM5 biosensor chips and Ab25 was captured to give
approximately 350 response units (RU). For kinetics measurements, two-fold serial dilutions
of active hepsin (1 nM to 500 nM) were injected in HBS-P buffer at 25°C with a flow rate of
30 30 ul/min. Association rates (k,) and dissociation rates (kg) were obtained by using a simple
one-to-one Langmuir binding model (BIA-Evaluation) and the equilibrium dissociation
constants (Kp) were calculated (kq4/k,). Due to rapid kinetics, a steady state measurement was

used to determine the affinity of pro-hepsin with Ab25. Two-fold serial dilution of pro-hepsin
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probably due to changes in amno acids that are inportant for the
interaction with Fab25. Binding affinity of Fab25 to human hepsin was
det er m nestousimgo@st et RED anal ysis. The Kd was 2.55 +1PCO/42010053591
5Specificity of Fab 25 was tested by asking whether it inhibited enzymatic
activity of a panel of trypsin-like serine proteases. The panel of
trypsin-like serine proteases included sone of the closest protease donmain
honol ogues of hepsin, such as plasma kallikrein, prostasin, marapsin and
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g, %cti vity of
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great er ¢dieuntedpad glotted midividyalky sgpipstGi(carcenioation eperiothepsin) using Bild- ef f ect  of

Fab25 onghgbsibRidREHAMEGPr ocessi ng of pro-uPA and Factor VIII1 was
determ ned. As shown in Figure 13A, Fab25 inhibited hepsin activity towards

pro- uPA wi t h lastherosd Tigatien Galodmetry GG exprrientgyvere whifomedas a dBemar abl e t o
i ts pot epciyrhdhe &d@n&hﬁ&ﬁéﬁﬁ)ﬂzéﬁﬂﬁ@é@wé& Pu#ﬁed%@&rﬁﬂ%ﬁQtsirz@uc%ﬁ{,above 100

nMthe inhibition was conplete an arable to the strong inhibition in
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or ro nqge | er.l S r er condi ons. a m qgrate as
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condi t i omaraatad from theoawrvedl ecul ar wei ght degradati on 30products coul d be
i ndentifi ed” '.S%ure 14). Therefore, Fab25 was resistant to hepsin

pr ot eol ygiesél & "séﬁ?ﬁosed to hepsin for prolonged tine periods. This
concl usi on i sTcidasgifs drerbepsin hinitodies thashlogitheprin élzamatideetitityo ve Rmipkyyed n: DCl

corpp LaNRhSSiEh i GRuShuRIRRFG ARLBIFREAR A B BBl S e S
hepsi n ( Biotimadtéd hepsin & Jomplixewigt DAY(batis hepsirgEbt BC1 fsrarhedhhmsrdgedof | ami nin
by hepsi Qerﬂggropeqyesl;\ﬁ)ll)&gi \gf’f\lc}ln chgﬁgsatﬂg § pocket by forming covalent monoacyl or
diacyl adducts with the catalytic Ser195 and His57 (chymotrypsinogen numbering) (Fig. 9A)
(Powers et al., 1989). A molecular model of hepsin:DCI complex based on the crystal
25  structure of factor-D:DCI complex (PDB code 1DIC) (Cole et al., 1998)'indicated that the
aromatic ring of the DCI inhibitor would occupy the S1 pocket. Our previous findings (Wu et
al., 2007) indicated that function-blocking anti-HGFA antibodies derived from our Fab
phage-display libraries do not occupy the Si pocket. Therefore, hepsin-bound DCI may not
interfere with antibody binding, but could exert beneficial influences on the active site
30  conformation, favoring interactions with antibody. The active site of trypsin-like serine
proteases is formed by several intrinsically mobile loops (the ‘activation domain’) (Huber and
Bode, 1978). In particular, the 220-loop forms part of the S1 pocket and can adopt various

conformational states in some serine proteases (Johnson et al., 2005; Shia et al., 2005;
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A minimalist synthetic antibody library with restricted chemical diversity at
complementary detennining regions (CDR), designated as YSGX library (Fellhouse et al,
2007), was used to search for an inhibitory antibody against hepsin by solution sorting, in
15  which biotin-hepsin or biotin-hepsin:DCI complex was incubated with the phage-displayed
Fab library. Panning against biotin-hepsin:DCI resulted in one hepsin-binding clone,
designated HpsFab25 (also termed “Fab25”), which became dominant after 5 rounds of A
selection. The HVR sequences of Fab25 are shown in Figure 1. The CDR-H3 of HpsFab25 is
very long (21 residues) and HpsFab25 contained three Lys residues.
20 Elisa experiments were performed to test whether Fab25 binding was inhibited by
KD1, a hepsin inhibitor that binds to hepsin active site. As shown in Figure 10, KDI -
inhibited Fab25-phage binding to hepsin in a concentration-dependent fashion, suggesting
that Fab25 bound to or near the active site region of hepsin and, thus, may interfere with
enzyme activity.
25 The ability of Fab25 to inhibit human and mouse activity was tested using synthetic
hepsin substrate, S2765. As shown in Figure 11, Fab 25 inhibited human and mouse hepsin
activity in a concentration-dependent manner, reaching complete inhibition at the highest
concentrations tested. The calculated K;** was 4.1 £ 1.0 nM (n=3) for human hepsin and 329
+ 51 nM (n=3) for murine hepsin. Additional experiments with IgG25 showed that it
30 inhibited human hepsin with a K;*? of 11.3 + 1.7 nM (n=3), while a control IgG had no effect .
(data not shown). The results showed that Fab25 inhibited human hepsin about 80-fold more
potently than murine hepsin. This suggested that the antibody binding site is not fully

conserved in mouse hepsin. Because the protease domain of mouse hepsin has neither .

105



3.0 1.3 97.3 3.9 S2288 25 0.8 9135 1.9 52366
1.7t 0.9 995 1.8 Chrorrkozyne TN 8.4 1.2 99 0
6 2.1 112.1 85 PCT/US2010/053591

3.4 0.5 99.9 2.7 S244

12 0.7 100.4 2.3 52166
4.6 , SpecwoarymsorsgXa . 1.

insertions nor deletions compared to human hepsin, the reduced potency of Fab25 was
probably due to changes in amino acids that are important for the interaction with Fab25.

Binding affinity of Fab25 to human hepsin was determined using Octet RED analysis.
The Kd was 2.55 +/- 0.45 nM.

5 Specificity of Fab 25 was tested by asking whether it inhibited enzymatic activity of a
panel of trypsin-like serine proteases. The panel of trypsiﬁ-like serine proteases included
some of the closest protease domain homologues of hepsin, such as plasma kallikrein,
prostasin, marapsin and plasmin. The results (Figure 12) demonstrated that Fab25 had an
exclusive specificity towards hepsin, since it did not-affect enzymatic activity of the

10  examined serine proteases at a concentration that was 250-fold greater than the determined
K{*® value for hepsin.

The effect of Fab25 on hepsin-mediated processing of pro-uPA and Factor VIII was
determined. As shown in Figure 13A, Fab2$ inhibited hepsin activity towards pro-uPA with
an ICso value of 3.3 £ 0.4 nM (n=3), which was comparable to its potency in the pNA assay

15 (Table 1). At Fab concentrations above 100 nM the inhibition was complete and comparable
to the strong inhibition in the factor VII activation assay (Figure 13B). Factor VIl is a
relatively poor substrate for hepsin, requiring high hepsin concentrations in the assay (50
nM). Therefore, even though Fab25 was used at 500 nM this resulted in a relatively low
Fab25:hepsin ratio (10:1) compared to the pro-uPA activation experiments (ratios up to

20  600:1), which may explain that inhibition during the extended 2 h experiment was not
complete, '

Hepsin preferentially cleaves substrates after a P1 Arg (Herter et al., 2005), yet also
recognizes substrates with P1 Lys (Moran et al., 2006). Therefore, we considered the
possibility that hepsin may cleave the Fab CDR-H3 loop, which contained three Lys residues

25  and was unusually long. Precedence comes from recent studies on the anti-matriptase
antibody E2, which underwent cleavage by matriptase after a P1-Arg residue in a long CDR-
H3 loop (Farady et al., 2008). Therefore, Fab25 was exposed to hepsin for prolonged time
periods under different pH conditions. Fab25 migrated as a 50 kDa band under non-reducing
and as a 25 kDa band under reducing conditions and no low molecular weight degradation

30 products could be indentified (Figure 14). Therefore, Fab25 was resistant to hepsin

} proteolysis when exposed to hepsin for prolonged time periods. This conclusion is consistent
with our assumption that the biotin-hepsin:DCI complex favored selection of phage-displayed

Fab that bind outside the S1 pocket.
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Spectrozyne FVlla 3.4 0.8 101.8 4.8 " 100 nNI Fab in reaction m xture

12 control was hepsin enzymatic w thout Fab Fab25 was shown to

consi st enwbyoimisoisst hepsin activity by >90%in all funecrarsadioassays usi ng
a variety of synthetic and macronol ecul ar substrates. 10Proteol ytic
processi ng of pro-MSP by natively expressed hepsin on the cell surface was
noni tored on the LnCap-34 cell line (Moran et al., 2006). LnCap-34 cells
expressi ng hepsin was capabl e of processing the 1251-pro-MSP (Fig. 16). The
proteol ytic detrivniwas mfcerpky@stawsﬁ’eqdpcbceswsmge e bepyin (ﬂ“tiyathliweall) dheepsin as all

e 0 SRS Akl LR 1L L TR SERRRR (KGR o ocl osed as
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67- 685 59d@sonstBaDyl that HabB, effeﬂthy néuirgized the RrotedlytiClactjvitgofihepss. anB&bm 1998.

Structur |nh| bited factor D. Acta Crystall ogr
D Bi ol Elog{edﬁ" ?roc@ks&?o?ﬁ'slﬁgﬁﬂggﬁ{éﬁﬁ' P.F. Egea, E.L. Schneider,
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mediated cleavage of all pNA substrates by >90%. Because the pNA substrates occupy the
10 S1-S3 subsites on hepsin, it can be concluded that the antibody strohgly interfered with

substrate interactions at these subsités. The finding that despite the chemical diversity of the

pNA substrates’ P2 and P3 positions, inhibition was >90% for all substrates argues for a

strong antibody effect at the S2 and/or S3 sites rather than for subtle influences at these sites.

Whether or not these effects are allosteric in nature or direct steric hindrance remains to be
15  elucidated. Furthermore, becéuse Fab25 was selected against DCl-inhibited hepsin, it is

unlikely that Fab would inhibit hepsin by directly occupying the S1 pocket.
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" convol was hepsin enzymatic without Fab

Fab25 was shown to consistently inhibit hepsin activity by >90% in all functional
assays using a variety of synthetic and macromolecular substrates.

10 Proteolytic processing of pro-MSP by natively expressed hepsin on the cell surface
was moniiored on the LnCap-34 cell line (Moran et al., 2006). LnCap-34 cells expressing
hepsin was capable of processing the 125l-pro-MSP (Fig.16). The proteolytic activity of pro-
MSP processing was mainly due to hepsin as all the three hepsin inhibitors (Ac-KQLR-
chloromethylketone ("KQLR" disclosed as SEQ ID NO: 12), KD1 and Fab25) effectively

15  blocked the proteolytic cleavage.
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Al t hough the foregoing invention has been described in sone detail by way
of illustration and exanple for purposes of clarity of understanding, the
descri pt iwooanmdosranpl es shoul d not be construed as |i rcwiusgomwhsssscope of
the invention. 20 W) 2011/ 050188PCT/ US2010/ 053591 WHAT IS CLAIMED | S:

1. An isolated anti-hepsin antibody, wherein a nonoval ent form of the

anti body binds human hepsin with an affinity of |less than or equal to 10 nM
or better, wherein a nonoval ent form of the 5anti body bi nds nouse hepsin

wi th an af fi nExpyesgsd in Skafified Sauanroue Gpighelia endISUpridgulaterdinwheer ei n t he anti body

bi nds _hepsi ] | {
i i tor 1 hat e e AR R SRRE y iR ERRE W ahes 7 SR LHR Tl Doy of

claim1, wher4?18138 serine protease inhibitor is 3,4-dichloro-isocounarin

(DC1) . 10Rran! PEWARS, 'EP@SW 1@va b%lgén%rot%ﬁgekﬁ}ﬁﬁhﬁ?er%bbgﬁ n};o'i%inPQ- Kuni t z

domai n blndlng region of e anti bo 1, wherein
t he ahti body Mamme@@mw@ma@e spstrare iy hepsith & Bédl & hemiSil 138439-4md/ or hepS| n

SUbS' te §/lorr|son, J.F. 1969. Kuétlc Me@@\;érmg%hﬁ;ﬂm@lloﬂe%%e c%%&f ljgacttlbﬁs t%”t i body

i nhi bits hepsin-nedi ated activation of 1bmacrophage stinulating protein
(MSP). tight-bimpiag nkitieesdGioehimdienhm Acta. Méﬁé? B\6t he antibody inhibits

| ami ni n- @RREEJERS, Bl dentTblRAEb A, k. REbard 1B RRIBHy Al 81 RhRh,  wher el N

the antibody conprises: | east one, two, three, five, and/or six
hyper vari abl eD{ngﬂtEml"( ﬁv&yd@eéﬁxem@éﬁwi@dx@oﬁlhmﬁ Gh@e@ﬂmp R¥hsi sting of:

(a) hyR L1 Cmbﬁwwuéﬁqwm&eﬁmﬁ%vé ﬁe%ﬁS?sJ %uh{%gl)md BO(b) HVR-L2

conpri sing seqguence SASSLYS (SEQ | ) (c) R- conpri sing sequence
QQYYSSYYLLT (!Smehhpfor. REP3 YA seteat)vemw Hmd@@mhlbl@r ﬁ@fa@erq\aléwedSGFNFSYSYNH ( SEQ
D NG 4); (e) ndﬂ%dﬁ% &Qwsme%bmm%%%Klﬁﬁreﬁﬁle}’%\(&%?ﬁ%%y#ﬁ WivER | D NG 5);
and (f) HVR-H3 conprising sequence ARSDSWSYKSGYT(KI YSKGLDY (SEQ I D NO 6) .
Biol Chem. 280:9160-9.
Peek, M., P. Moran, N. Mendoza, D. Wickramasinghe, and D. Kirchhofer. 2002. Unusual
15 proteolytic activation of pro-hepatocyte growth factor by plasma kallikrein and
coagulation factor Xla. J Biol Chem. 277:47804-9.
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structure and substrate specificity in inhibitor design. J Cell Biochem. 39:33-46.
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C. Eigenbrot. 2005. Conformational lability in serine protease active sites: structures
of hepatocyte growth factor activator (HGFA) alone and with the inhibitory domain
from HGFA inhibitor-1B. J Mol Biol. 346:1335-49.
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extracellular region of human hepsin reveals a serine protease domain and a novel
scavenger receptor cysteine-rich (SRCR) domain. Structure. 11:1123-31.
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and S.A. Lesley. 2009. Active site conformational changes of prostasin provide a new

mechanism of protease regulation by divalent cations. Protein Sci. 18:1081-94.
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258. The anti body of claim7, wherein the antibody conprises (a) HVR-H3
conpri sing sequence ARSDSWSYKSGYT(KI YSKGLDY (SEQ ID NG 6); (b) HVR-L3

conpri si myoegusnse QQYYSSYYLLT (SEQ I D NG 3); and HVR- P2 T@spquoiosisng
sequence ASI YSYYGSTYYADSVKG (SEQ I D NO 5). 9. The anti body of
claim7, wherein the antibody conprises (a) HVR-HL conprising 30 sequence
G-NFSYSYMH (SEQ I D NG 4); (b) HVR-H2 conprising sequence ASI YSYYGSTYYADSVKG
(SEQ I D No:g% and (c) HVR-H3 conprising sequence ARSDSWSYKSGYTQKI YSKGE.DY

(SEQ 1 D fpa)i, M., S. Nandana, 1 Yamaghitarft.idsaespn.d¥. Kdichaferoandf\uQuaentac2l9gr i si ng (a)
HVR-L1 conpri 2 conpri si ng
sequence SASS%\?%HF %%ﬂ%%%ﬁﬁ%@%%ﬁ\\ég%\é?r&%@aés& Nga‘%)th r%lg%tie %ﬁgtquence
QQYYSSYYLLT (PSWSISD"NWIBI)CM"ND 2011/ 050188PCT/ U82010/ 053591 11. The
ant i body wafikes @l r \ ) nprising
sequence RA%@G\?} l(nKltzm o Ql@ﬁr?ba‘ilgel\/?ﬁwnbaqq an&?%fag%%opglcn gég%céﬁge SASSLYS
(SEQ $D NO 2)of tl&rlaeg@é)resmﬂsmHermﬂiﬂzsqiqqrgmsr@eﬂxewe%m@@m@swunnc( SEQ ID

NQ 3). actwatesjag,,myg@ Caeryt“tqqgg 9qf claim9 or 11, further conprising a
heavy chain vari able domain or Iight 5chain variable domain franmework

sequence Yhdwt- ﬁr@elﬂ?fgtuWecilaﬂg; SsStawsiekiS. Shia, B. FanjR. GaplganaMt . thamdyi, ofd cl ai m 1,
conprising (&p, l@rc\{kbfglegwn§ﬁuclﬂﬁ'yl'lmg_l@¥md &%ﬁﬁ{ct l%cr’c%lﬁ y@f’]}@(?tedsgﬁmmnwﬁ to the

ami no aci d sequence of havi ng east 95% sequence

identity to thyentibadifs. %@F a%éqflfé?ﬂté”M IQE@?WSE‘)‘/NO 9; or (c) a VH sequence as

in (a) ardas XL 5SEMRREE Pa%y R LmDA Newton, Y. kﬂu SThfs@PD. RRdy, BF claim 13,
conprising a VH sequence of The anti body of claim 13,

conprising a Mintzsedl&irie B L'S Ib”Nd*"QPOlOkOff M WigtlowH ntandGdy of cl ai m
13, conprisi Ngyrd, W6Sﬁg%€&€§néﬁfral§'§@ Heps Jereaa@ﬁlvgd\élnoﬁma%ﬁ of SEQ ID
NO 9. 17. The anti body of any o he preceding clains, which is a
full length |gerthdyt mb@ay\vaswn of prostate anf@vanlaﬁémamqelbbwuwe &iepcastReg.he
precedi ng cl ad¢gm1wherein the anti body conprises hunman | ¢ 15subgroup
consensus franmework sequence. 19. The anti body of any of the
precéaing clainms, wherein the anti body conprises heavy chain human subgroup

111 ConsenSUSAﬁHo@Qﬁmf&e%%HWﬁon has been de?c@ibed nabmt adainbelvgy 6r aci d encodi ng
t he anti body of any of t recedi ng 1l i ?ost cel |

conpri si Hystatign ﬁ'tﬂ:q"é'i"&‘eé‘&r Pdl’R?Fesé’lf a'iafﬁméundch?zdmse th%@qsereptnoasf andaki ng an
ant i body exzaipRss isBdulndt Bé Ednkinitd ab NMith@ ke seoelof e iMledlioh. 21 so that the
anti body is produced.

20
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23. The nethod of claim 22, further conprising recovering the antibody from
the host cell culture. 24. An i mrunoconj ugate conprising the

ant i body w0 2011215m88 and a cytotoxi c agent. 2525. A phar ratasté10a53591
formul ati on conprising the anti body of claim 1l and a pharmaceutically

acceptable carrier. 26. The pharmaceutical formulation of claim 25,
further conprising an _addi tional therapeutic agent. 27. The anti body
of claimi f8HAlde ¢ ™MERi cament . 3028. The anti body of claim1l for use

in treating ICa0Cislate@hti-hEP&En @iibbOd¥ieiefn aGhabtidnt F@k SR ahtiboldy BAHI MEhadn
i mrune di sorder. gQ. The anti body of claim1 for use in inhi itin% cel

mi gr at ilGASIn With ampgffinityefiless fon g equilde K9 AMop petigs vhessin ayReney #leH dormeti diicn
enz $MatdnGb@i§ binds Mpuse 3dpsindseh Of aftifiey ANsd LAY cghial € BWOMM, ahdwhdren mRNUf act ur e
of a nechan%, 3533. The use %% claim 32, wherein the nedicament is for

nt . ] ]
t r eat mEWHOYWY DEYHRWPIN Prajgnt Tk compls FRRPESTIA ISPHn AdssEepiprotease Inhibitar thety e ;5o of

cl ai m 3zads el hépia S1RGsganent is for treatnment of an imune di sorder
35. The use of claim 32, wherein the nmedicanent |s for inhibiting cel

m gration or’ i WRPBIOMAE drEmd; Whesrs Hrseine paRleasq inpipitons g 4-dihipse- e UBRdmKi ng
an anti(pgef i ne protease antibody, conprising selecting antibody that bind
serine protease present in a conplex conprising (a) serjne protease; and
(0)!0 seri ne- PrhorERody phtami e Bhertin Ate 2piibag bindsg Kglﬂ% dgmpig binding region of 37,
The netfapgn.of claim 36, wherein the serine protease is hepsin.

38. The net hod_of clainn%g, wherein the serjne protease inhjbitor is

3, 4- di chl or ¢'L0P€ AR Awe Gaim 1. wherein g anthody prockioybsipte Spding '@ BEPSiRpEhses A t he
seri ne 00t BRsEe sidfid pi t or bi nds hepsin catalytic am no acid residues Ser195

and H s57, 5. eTrhg gr){tibr(])g}P gt! cIi]aiIinSl, | ﬂggi% itﬁéaa%t?bdo'dy inhibits hepsin-mediated activation of
15  macrophage stimulating protein (MSP).
6. The antibody of claim 1, wherein the antibody inhibits laminin-dependent cell migration.
7. The antibody of claim 1, wherein the antibody comprises: at least one, two, three, four,
five, and/or six hypervariable region (HVR) sequences selected from the group consisting of:
(a) HVR-L1 comprising sequence RASQSVSSAVA (SEQ ID NO:1);
20 (b) HVR-L2 comprising sequence SASSLYS (SEQ ID NO:2);
(c) HVR-L3 comprising sequence QQYYSSYYLLT (SEQ ID NO:3);
(d) HVR-H1 comprising sequence GFNFSYSYMH (SEQ ID NO:4);
(¢) HVR-H2 comprising sequence ASIYSYYGSTYYADSVKG (SEQ ID NO:5); and
(f) HVR-H3 comprising sequence ARSDSWSYKSGYTQKIYSKGLDY (SEQ ID NO:6).
25 8. The antibody of claim 7, wherein the antibody comprises (a) HVR-H3 comprising
sequence ARSDSWSYKSGYTQKIYSKGLDY (SEQ ID NO:6); (b) HVR-L3 comprising sequence
QQYYSSYYLLT (SEQ ID NO:3); and HVR-H2 comprising sequence ASIYSYYGSTYYADSVKG
(SEQ ID NO:5).
9. The antibody of claim 7, wherein the antibody comprises (a) HVR-H1 comprising
30  sequence GFNFSYSYMH (SEQ ID NO:4); (b) HVR-H2 comprising sequence
ASTYSYYGSTYYADSVKG (SEQ ID NO:5); and (¢) HVR-H3 comprising sequence
ARSDSWSYKSGYTQKIYSKGLDY (SEQ ID NO:6).
10. The antibody of claim 9, further comprising (a) HVR-L1 comprising sequence
RASQSVSSAVA (SEQ ID NO:1); (b) HVR-L2 comprising sequence SASSLYS (SEQ ID NO:2);
35  and(c) HVR-L3 comprising sequence QQYYSSYYLLT (SEQ ID NO:3).
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40. The nethod of claim 36, wherein prior to selecting the antibody, the
antibody is incubated with serine protease and serine protease inhibitor.
1541. ThewoebhadowsB cl aim 37, further conprising sel ectiPag/usatiolosssPes t hat
conpete for hepsin binding with a Kunitz domain. 42. The nethod of claim
41, wherein ltlh‘?“hé< gnr%libggy &%B?I‘l’l 9, \il}?ere'%) ‘gh'e ar%tg)ody comprises (a) HVR-L1 comprising
sequence RASQSVSSAVA (SEQ ID NO:1); (b) HVR-L2 comprising sequence SASSLYS (SEQ ID
NO:2); and (c) HVR-L3 comprising sequence QQYYSSYYLLT (SEQ ID NO:3).
12. The antibody of claim 9 or 11, further comprising a heavy chain variable domain or light
5 chain variable domain framework sequence shown in Figure 3, 4, 5, or 6.
13. The antibody of claim 1, comprising (a) a VH sequence having at least 95% sequence
identity to the amino acid sequence of SEQ ID NO:10; or having at least 95% sequence identity to the
amino acid sequence of SEQ ID NO:9; or (c) a VH sequence as in (a) and a VL sequence as in (b).
14. The antibody of claim 13, comprising a VH sequence of SEQ ID NO:10.
10 15. The antibody of claim 13, comprising a VL sequence of SEQ ID NO:9.
16. The antibody of claim 13, comprising a VH sequence of SEQ ID NO:10 and a VL
sequence of SEQ ID NO:9.
17. The antibody of any of the preceding claims, which is a full length IgG1 antibody.
18. The antibody of any of the preceding claims, wherein the antibody comprises human x
15 subgroup consensus framework sequence.
19. The antibody of any of the preceding claims, wherein the antibody comprises heavy chain
human subgroup III consensus framework sequence.
20. Isolated nucleic acid encoding the antibody of any of the preceding claims.
21. A host cell comprising the nucleic acid of claim 20.
20 22. A method for making an antibody comprising culturing the host cell of claim 21 so that
the antibody is produced.
23. The method of claim 22, further comprising recovering the antibody from the host cell
culture.
24. An immunoconjugate comprising the antibody of claim 1 and a cytotoxic agent.
25 25. A pharmaceutical formulation comprising the antibody of claim 1 and a pharmaceutically
acceptable carrier.
26. The pharmaceutical formulation of claim 25, further comprising an additional therapeutic
agent.
27. The antibody of claim 1 for use as a medicament.
30 28. The antibody of claim 1 for use in treating cancer.
29. The antibody of claim 1 for use in treating an immune disorder.
30. The antibody of claim 1 for use in inhibiting cell migration.
31. The antibody of claim 1 for use in inhibiting hepsin enzymatic activity.

32. Use of the antibody of claim 1 in the manufacture of a medicament.

35 33. The use of claim 32, wherein the medicament is for treatment of cancer.
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34. The use of claim 32, wherein the medicament is for treatment of an immune
disorder.

35. The use of claim 32, wherein the medicament is for inhibiting cell migration or
inhibiting hepsin enzymatic activity.

36. A method of making an anti-serine protease antibody, comprising selecting antibody that
bind serine protease present in a complex comprising (a) serine protease; and (b) a serine protease
inhibitor that binds a S1 subsite.

37. The method of claim 36, wherein the serine protease is hepsin.

38. The method of claim 36, wherein the serine protease inhibitor is 3,4-dichloro-
isocoumarin.

39. The method of claim 36, wherein the serine protease inhibitor binds hepsin catalytic
amino acid residues Ser195 and His57, whereby hepsin is inactivated.

40. The method of claim 36, wherein prior to selecting the antibody, the antibody is incubated
with serine protease and serine protease inhibitor.

41. The method of claim 37, further comprising selecting antibodies that compete for hepsin
binding with a Kunitz domain.

42. The method of claim 41, wherein the Kunitz domain is KD1.
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